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EXECUTIVE SUMMARY

This Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP) was prepared according to United

States Environmental Protection Agency (USEPA) Quality Assurance Project Plan (QAPP) requirements

for a Remedial Investigation (RI) of Site 12, Harbor Dredge Spoil Area, located at Naval Station (NS)

Great Lakes, Great Lakes, Illinois. This UFP-SAP was prepared by Tetra Tech, Inc. (Tetra Tech) on

behalf of Naval Facilities Engineering Command (NAVFAC) Midwest under Contract Number

N62470-08-D-1001, Contract Task Order (CTO) F27A. This SAP was generated in accordance with

applicable United States Navy, Illinois Environmental Protection Agency (Illinois EPA), and USEPA

requirements, regulations, guidance, and technical standards.

Site 12 is located in a flat area on the shore of the NS Great Lakes Outer Harbor, and is approximately

3.5 acres. Site 12 is currently a grass-covered field that is used as a picnic and recreational area. A

gravel road transects the site from north to south and terminates in a gravel parking lot on the south

against a concrete pier. The only structure on the site is a picnic pavilion overlooking the lake. The only

other notable feature is a drainage ditch which emerges from the bluff on the west and extends eastwards

across the site to Lake Michigan. During harbor dredge activities in 1952 and in the 1970s, dredge spoils

were reportedly disposed of in this area. The sediment dredged from the harbor may have high organic

content, and potentially contain heavy metals, oils, pesticides, and polychlorinated biphenyls (PCBs).

The primary sources of the environmental contaminants in the sediments are from non-Navy upstream

industrial sources (historical discharges and contamination) and non-Navy and Navy storm water

discharges within the Pettibone Creek Watershed. Overland runoff and storm water discharges from

Naval Station Great Lakes to Pettibone Creek may have historically contributed pollutants to the

watershed, but the Navy currently manages discharges through the appropriate storm water management

regulations and recent analytical results indicate that no significant Navy point sources are impacting the

sediment quality of Pettibone Creek.

An RI Verification Step was conducted by Dames & Moore (1991) at the site. Fill materials encountered

during the investigation of soil borings appeared to have the physical composition of lake dredge spoils.

Surface and subsurface soil samples were collected and analyzed for volatile organic compounds

(VOCs), heavy metals, pesticides, and PCBs. Several metals, including antimony, cadmium, copper,

lead, mercury, selenium, silver, and zinc were detected at concentrations above representative

background values throughout the areal extent of the site and at depth down to at least 8 feet below

ground surface (bgs). Pesticides [1,1-dichloro-2,2-bis(4-chlorophenyl)ethane (DDD), 1,1-dichloro-2,2-

bis(4-chlorophenyl)ethene (DDE), and 1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (DDT)] were also

detected in near surface soils throughout the areal extent of the site.
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Data collected during the first phase of the Site 12 RI in December 2010 were used to determine the

nature and extent of contamination and potential risks to human health and the environment. The results

indicated that there are chemicals in the soil with the potential to migrate to the groundwater. During

Phase 2 of the Site 12 RI, additional soil sampling and analysis were performed to further evaluate the

potential migration concern. SPLP metals data from Phase 2 of the RI confirmed the potential mobility

issue. Phase 3 of the Site 12 RI is being performed to collect groundwater metals data to further evaluate

the migration concern. The possible outcomes of Phase 3 of the RI are the metals have migrated from

soil to groundwater at concentrations that exceed 35 Illinois Administrative Code (IAC) 620.420

groundwater quality standards for Class II general resource groundwater or the results show that the

mobility issue is not a significant concern (i.e., groundwater concentrations are below 35 IAC 620.420

groundwater quality standards) and no additional effort is required to address it.
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ACRONYMS AND ABBREVIATIONS

AES Atomic Emissions Spectrometry

APP Accident Prevention Plan

bgs Below ground surface

BTU British Thermal Unit

CA Corrective Action

CAS Chemical Abstract Service

CCV Continuing Calibration Verification

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CLEAN Comprehensive Long-Term Environmental Action Navy

CTO Contract Task Order

DI Deionized

DL Detection Limit

DoD Department of Defense

DOT Department of Transportation

DQI Data Quality Indicator

DQO Data Quality Objective

ELAP Environmental Laboratory Accreditation Program

EDD Electronic Data Deliverable

EPA Environmental Protection Agency

FOL Field Operations Leader

GPS Global Positioning System

IAC Illinois Administrative Code

IAS Initial Assessment Study

ICAL Initial Calibration

ICP Inductively Coupled Plasma

ICS Interference Check Standard

IDW Investigation-derived waste

IL Illinois

JULIE Joint Utility Locating Information for Excavators

LCS Laboratory Control Sample

LOD Limit of Detection

LOQ Limits of Quantitation

µg/L Microgram per Liter

MS Matrix Spike

MSD Matrix Spike Duplicate
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MSL Mean Sea Level

NA Not Applicable

NAD North American Datum

NAVD North American Vertical Datum

NAVFAC Naval Facilities Engineering Command

NC No Criteria

NS Naval Station

PAL Project Action Limit

PCB Polychlorinated biphenyl

PM Project Manager

PPE Personal protective equipment

PQLG Project Quantitation Limit Goal

QA Quality Assurance

QAPP Quality Assurance Project Plan

QC Quality Control

QSM Quality Systems Manual

USCS Unified Soil Classification System

%R Percent Recovery

RI Remedial Investigation

RPD Relative Percent Difference

RPM Remedial Project Manager

RSD Relative Standard Deviation

SAP Sampling and Analysis Plan

SOP Standard Operating Procedure

SPCS State Plane Coordinate System

SPLP Synthetic Precipitation Leaching Procedure

SSO Site Safety Officer

TAL Target Analyte List

TCLP Toxicity Characteristic Leaching Procedure

Tetra Tech Tetra Tech, Inc.

UFP-SAP Uniform Federal Policy-Sampling and Analysis Plan

USEPA United States Environmental Protection Agency

VOC Volatile organic compound
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SAP Worksheet #2 -- SAP Identifying Information

(UFP-QAPP Manual Section 2.2.4)

Site Name/Number: Site 12, Harbor Dredge Spoil Area
Operable Unit: Not Applicable (NA)
Contractor Name: Tetra Tech, Inc. (Tetra Tech)
Contract Number: N62470-08-D-1001
Contract Title: Comprehensive Long-Term Environmental Action Navy (CLEAN)
Work Assignment Number: Contract Task Order (CTO) F27A

1. This Addendum to a Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP or SAP) was
prepared in accordance with the requirements of the United States Environmental Protection Agency
(USEPA) Uniform Federal Policy for Quality Assurance Plans (UFP-QAPP) (2005) and USEPA
Guidance for Quality Assurance Project Plans, EPA QA/G-5, (2002). Only those worksheets that
changed from the Final 2011 UFP-SAP (Tetra Tech, 2011) were changed to address the additional
scope of work.

2. Identify regulatory program:

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

3. This document is a project-specific SAP but relies on information included in the original SAP.

4. List dates of scoping sessions that were held:

Data Quality Objective (DQO) Scoping Session – March 21, 2013 conference call.

5. List dates and titles of any SAP documents written for previous site work that are relevant to the
current investigation.

Title Date
Initial Assessment Study (IAS), Great Lakes Naval Complex
(Rogers, Golden & Halpern, 1986) 1986

Technical Memorandum on the Remedial Investigation
Verification Step for the Naval Training Center, Great Lakes,
Illinois (Dames & Moore, 1991) 1991

Remedial Investigation Work Plan, Site 4 – Fire Fighting
Training Unit, Site 12 – Harbor Dredging Spoil Area, Naval
Training Center, Great Lakes, Illinois (Halliburton NUS, 1993) 1993

Final Sampling and Analysis Plan (UFP-SAP/QAPP)
Site 12 – Harbor Dredge Spoil Area
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) 2011

Final Sampling and Analysis Plan (UFP-SAP/QAPP)
Phase 2 Remedial Investigation Site 12 – Harbor Dredge Spoil Area
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2012) 2012

6. List organizational partners (stakeholders) and connection with lead organization:

Illinois Environmental Protection Agency (EPA) – regulatory oversight
NAVFAC Midwest – property owner
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7. Lead organization

Department of the Navy, Naval Facilities Engineering Command (NAVFAC) Midwest

8. If any required UFP-SAP elements or required information are not applicable to the project or are
provided elsewhere, then note the omitted SAP elements and provide an explanation for their
exclusion below:

Worksheet 3 – Distribution List: Not included because no update was required to the worksheet as
presented in Final Phase 2 Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2012) – See Appendix D

Worksheet 5 – Project Organization Chart: Not included because no update was required to the
worksheet as presented in Final Phase 2 Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 –
Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2012) – See
Appendix D

Worksheet 6 – Communication Pathways: Not included because no update was required to the
worksheet as presented in Final Phase 2 Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 –
Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2012) – See
Appendix D

Worksheet 7 – Personnel Responsibilities and Qualifications Table: Not included because no update
was required to the worksheet as presented in Final Phase 2 Sampling and Analysis Plan (UFP-
SAP/QAPP), Site 12 – Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois
(Tetra Tech, 2012) – See Appendix D

Worksheet 8 – Special Personnel Training Requirements Table: Not included because no update was
required to the worksheet as presented in Final Phase 2 Sampling and Analysis Plan (UFP-
SAP/QAPP), Site 12 – Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois
(Tetra Tech, 2012) – See Appendix D

Worksheet 12 – Measurement Performance Criteria Table: Not included because no update was
required to the worksheet as presented in Final Phase 2 Sampling and Analysis Plan (UFP-
SAP/QAPP), Site 12 – Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois
(Tetra Tech, 2012) – See Appendix D

Worksheet 13 – Secondary Data Criteria and Limitations Table: Not included because no update was
required to the worksheet as presented in Final Phase 2 Sampling and Analysis Plan (UFP-
SAP/QAPP), Site 12 – Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois
(Tetra Tech, 2012) – See Appendix D

Worksheet 26 – Sample Handling System: Not included because no update required to worksheet
included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge Spoil Area,
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D

Worksheet 27 – Sample Custody Requirements Table: Not included because no update required to
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D

Worksheet 29 – Project Documents and Records Table: Not included because no update required to
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D
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Worksheet 31 – Planned Project Assessments Table: Not included because no update required to
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D

Worksheet 32 – Assessment Findings and Corrective Action Responses: Not included because no
update required to worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP),
Site 12 – Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech,
2011) – See Appendix D

Worksheet 33 – QA Management Reports Table: Not included because no update required to
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D

Worksheet 34 – Verification (Step I) Process Table: Not included because no update required to
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D

Worksheet 35 – Usability Assessment: Not included because no update required to worksheet
included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge Spoil Area,
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D

Worksheet 36 – Usability Assessment: Not included because no update required to worksheet
included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge Spoil Area,
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D

Worksheet 37 – Usability Assessment: Not included because no update required to worksheet
included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge Spoil Area,
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D
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SAP Worksheet #4 -- Project Personnel Sign-Off Sheet

(UFP-QAPP Manual Section 2.3.2)

Name Organization/Title/Role Telephone Number Signature/Email
Receipt

SAP Section Reviewed Date SAP Read

Navy and Regulator Project Team Personnel

Terese Van
Donsel

NAVFAC Midwest/RPM (847) 688-2600 x136 See Worksheet #1 All

Brian Conrath Illinois RPM (217) 557-8155 See Worksheet #1 All

Tetra Tech Project Team Personnel

Corey Rich Tetra Tech/PM (412) 921-8984 See Worksheet #1 All

Stan Conti Tetra Tech/FOL/SSO (412) 921-8422 All

Leanne
Ganser

Tetra Tech/Project
Chemist

(412) 921-8148 All

Matt Soltis
Tetra Tech/Health and

Safety Manager
(412) 921-8912

See Accident
Prevention Plan (APP)

APP

Joe
Samchuck

Tetra Tech/Data
Validation Manager

(412) 921-8510 All

Subcontractor Personnel

Gary Woods Trimatrix/Laboratory PM (616) 975-4500
Worksheets #6, #12, #14,

#15, #19, #23-28, #30, #34-
#36
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SAP Worksheet #9 -- Project Scoping Session Participants Sheet

(UFP-QAPP Manual Section 2.5.1)

See Appendix D for project scoping session details related to previous phases of
the Site 12 RI.

SAP Addendum for Phase 3:

The Naval Station Great Lakes Team (Navy, Illinois EPA, and Tetra Tech) met via telephone conference

on March 21, 2013 to review the results of Phase 2. The team decided to install four groundwater

monitoring wells to further investigate the potential for metals to migrate to groundwater. The team

decided to evaluate the full list of TAL Metals in groundwater. It was decided that analyte concentrations

detected in groundwater during Phase 3 would be compared to 35 Illinois Administrative Code (IAC)

620.420 groundwater quality standards for Class II general resource groundwater.
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SAP Worksheet #10 -- Conceptual Site Model

(UFP-QAPP Manual Section 2.5.2)

10.1 SITE BACKGROUND

See Appendix D for Site 12 background information.

The results of Phase 1 of the RI were provided in the draft RI Report (Tetra Tech, 2011).

Phase 2 SPLP metals leachate concentrations exceeded TACO groundwater Class 1 criteria for antimony

(6 µg/L) in 5 samples, iron (5000 µg/L) in 3 samples, lead (7.5 µg/L) in 5 samples, and manganese

(150 µg/L) in 2 samples. The SPLP results were issued to the Navy via electronic mail on January 8,

2013. The Navy subsequently sent the results to Illinois EPA.

Phase 2 SPLP metals leachate concentrations exceeded TACO groundwater Class II criteria for antimony

(24 µg/L) in 1 sample, iron (5000 µg/L) in 3 samples, and lead (100 µg/L) in 1 sample. This additional

comparison is provided as a result of the March 21, 2013 meeting (See Worksheet 9) decision to use

Class II criteria for groundwater samples.

10.2 HISTORICAL MAPS AND AERIAL PHOTOGRAPHS AND SITE DOCUMENTATION

See Appendix D. No new information was available to incorporate into the SAP Addendum.

10.3 CONCEPTUAL SITE MODEL

See Appendix D. No changes were made to the conceptual site model.

Potential Contaminants

Based on an evaluation of the existing data and input from the Illinois EPA, the only remaining data gap is

data to evaluate groundwater for metals. No other contaminants were identified as a potential soil to

groundwater migration concern.

Hydrogeology

See Appendix D. No changes were made to the description of Site 12 hydrogeology.
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Contaminant Migration Pathways

See Appendix D. No changes were made to the Site 12 contaminant migration pathways.

Potential Receptors

See Appendix D. No changes were made to Site 12 potential receptors.
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SAP Worksheet #11 -- Project Quality Objectives/Systematic Planning Process

Statements

(UFP-QAPP Manual Section 2.6.1)

11.1 PROBLEM DEFINITION

Based on an evaluation of the existing data and input from the Illinois EPA, the only remaining data gap is

data to evaluate groundwater for metals based on results of SPLP analyses performed during Phase 2 of

the RI. No other contaminants were identified as a potential soil to groundwater migration concern.

11.2 INFORMATION INPUTS

To resolve the problem identified in Section 11.1, the following physical and chemical data will be

collected at Site 12:

1) Groundwater data from four groundwater monitoring wells (one upgradient and three downgradient)

are needed to determine total and dissolved Target Analyte List (TAL) metals concentrations (see

Worksheet #15). The sampling methods are presented in Worksheet #18, and the chosen analytical

methods are presented in Worksheet #19. Analytical methods were selected to provide enough

sensitivity to support the attainment of project objectives.

2) Water levels and aquifer hydraulic conductivities will be measured in the four monitoring wells to

provide information required to evaluate groundwater migration. The methodologies for conducting

these tasks are presented in Worksheet #18.

3) Locations of groundwater monitoring wells must be measured by a global positioning system (GPS)

with sub-meter accuracy. The horizontal surface coordinates will be surveyed using the North

American Datum (NAD) 83 SPCS Illinois East (feet) coordinate system. The ground surface

elevations will be reported using the North American Vertical Datum (NAVD) 1988.

4) Lithology data for soil borings. This data must be collected during boring operations and sampling

must be done in accordance with the Unified Soil Classification System (USCS), Tetra Tech Standard

Operating Procedure (SOP) (SOP GH-1.5 in Appendix C) and Illinois state regulations.

Project Action Limits

The complete list of applicable screening values for the selected analytes is presented in Worksheet #15.

The PALs for this phase of investigation are as follows:
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Title 35 of the Illinois Administrative Code (IAC) Subtitle F: Public Water Supplies, Chapter I: Illinois

Pollution Control Board, Part 620 Groundwater Quality, Section 620.420 Groundwater Quality

Standards for Class II: General Resource Groundwater

To meet the objectives of the groundwater investigation, the selected laboratory must be able to achieve

limits of quantitation (LOQs) that are low enough to measure constituent concentrations below the PALs.

If the PAL is less than the detection limit (DL) for a particular analyte or analytes, this will require

evaluation of these chemicals in the uncertainty section of the Risk Assessment Report and an evaluation

by the Project Team as to whether additional analytical sensitivity must be obtained; otherwise results

between the DL and LOQ will be identified as estimated (“J” qualifier flag).

11.3 STUDY BOUNDARIES

Site 12 is spatially bounded by the former location of the sewage treatment plant on the north, an

approximately 50-foot high wooded bluff on the west, a concrete pier on the south, and Lake Michigan on

the east (See Figure 10-2 in Appendix D). For this evaluation, the site will be evaluated as one exposure

unit for the risk assessment.

The focus of the Phase 3 investigation is groundwater.

The Project Team plans to limit the Phase 3 investigation to a single field event. Site 12 field activities will

be conducted in the Summer of 2013.

11.4 ANALYTIC APPROACH

Decision rules are as follows:

 If metals concentrations in groundwater are greater than the criteria, then the Project Team will

reconvene and discuss the results and further investigative actions.

 If metals concentrations in groundwater are less than the criteria, then no further sampling is

necessary and the RI Report can be finalized.

11.5 PERFORMANCE OR ACCEPTANCE CRITERIA

For Phase 3, the Project Team agreed that four groundwater monitoring wells would be installed and

sampled for total and dissolved metals to address the soil to groundwater migration potential for metals

as observed in the SPLP results. One well will be installed upgradient of the site and three wells will be
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installed downgradient of the site. The sampling design was based on a judgmental approach utilizing

data from past sampling events and knowledge of historical construction activities. If the scheduled data

are collected and no data quality deficiencies are identified that could compromise the use of the data, the

data set will be considered adequate; otherwise the Project Team will evaluate an appropriate course of

action to modify the project objectives or take action to fill the resulting data gaps.

11.6 DATA COLLECTION PLAN

The data collection design and rationale are presented in Worksheet #17.
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SAP Worksheet #14 -- Summary of Project Tasks

(UFP-QAPP Manual Section 2.8.1)

Site 12 RI Phase 3 field tasks are summarized below. All data recording and management procedures

are described in Worksheet #29 of the original RI SAP included in electronic format in Appendix D.

 Mobilization/Demobilization

 Site-Specific Health and Safety Training (see APP)

 Utility Clearance/Digging Permit Acquisition

 Groundwater Monitoring Well Drilling and Installation

 Well Surveying

 Well Development

 Groundwater Level Measurements

 Low Flow Purging and Sampling of Monitoring Wells

 Hydraulic Conductivity Testing

 Investigation-Derived Waste (IDW) Management

 Field Decontamination Procedures

 Field Documentation Procedures

 Sample Handling

 Analytical Tasks

 Data Management Tasks

14.1 MOBILIZATION/DEMOBILIZATION

Mobilization will consist of the delivery of equipment, materials, and supplies to the site, the complete

assembly in satisfactory working order of equipment at the site, and the satisfactory storage at the site of

materials and supplies. Tetra Tech will coordinate with the base to identify locations for the storage of

equipment and supplies.

Demobilization shall consist of the prompt and timely removal of equipment, materials, and supplies from

the site following the completion of work. Demobilization will also include the cleanup and removal of

waste generated during the investigation.

14.2 UTILITY CLEARANCE/DIGGING PERMIT AQUISITION

Potential underground utilities will be located and marked after a review of property maps and surface

indications of utilities. See SOP HS-1.0 in Appendix C for locating underground utilities. The utility

clearance will include contacting the Illinois one call system Joint Utility Locating Information for
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Excavators (JULIE) and NS Great Lakes Public Works personnel. Digging permits will be obtained prior

to conducting intrusive activities.

14.3 DRILLING AND INSTALLATION OF GROUNDWATER MONITORING WELLS

Groundwater monitoring wells will be installed in accordance with SOP GH-2.8 in Appendix C. Four new

groundwater monitoring wells are proposed to be installed at Site 12. The wells will be installed in

overburden. Procedures for drilling and logging a boring in overburden are included in SOP GH-1.3 and

SOP GH-1.5 in Appendix C.

Permanent groundwater monitoring wells will be constructed of 2-inch-diameter, Schedule 40, flush-joint,

polyvinyl chloride (PVC) riser pipe and slotted screen (see SOP GH-2.8, Appendix C). In each well, the

screen will be 10 feet long and have a slot size of 0.010-inch (factory slotted). Based on previous

investigations at Site 12, the overburden soils consists of fine sands, silts, and clays; therefore, a sand

passing U.S. Standard Sieve No. 20-40 will be used for the sand pack. Details regarding grout materials,

the outer protective casing, the well pad, and the protective barrier posts are included in SOP GH-2.8 in

Appendix C.

14.4 WELL SURVEYING

A GPS with sub-meter accuracy will be used to survey horizontal and vertical locations of the newly

installed monitoring wells. The ground surface, the top of the protective casing, and the top of the well

riser will be surveyed. Horizontal locations shall be referenced to the Illinois State Plane Coordinate

System (SPCS), North American Datum of 1983 (NAD 83). Vertical locations (elevations) shall be

referenced to mean sea level (MSL), North American Vertical Datum 1988 (NAVD 88).

14.5 WELL DEVELOPMENT

The new monitoring wells will be developed in accordance with SOP GH-2.8 (Appendix C) to remove fine

sediment from inside and around the well screens.

The groundwater removed from the well during the development process will be containerized and stored

until it can be shipped off-site for disposal at an approved facility.

14.6 GROUNDWATER-LEVEL MEASUREMENTS

Prior to sampling, one synoptic round of water-level measurements and total well depth soundings will be

obtained from the four new monitoring wells installed at Site 12. The groundwater-level measurements

collected within Site 12 will be taken within a 4-hour period using an electronic water-level meter. Water-
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level elevations will be recorded to within 0.01-foot accuracy from a marked reference point on the well

riser pipe. Detailed procedures regarding water-level measurements are included in SOP GH-1.2

(Appendix C). Water levels will be recorded on a groundwater level measurement form provided in

SOP GH-1.2. The water-level meter will be decontaminated between each well measurement and

decontamination procedures are addressed in SOP SA-7.1.

14.7 LOW-FLOW PURGING AND SAMPLING OF MONITORING WELLS

Low-flow sampling procedures will be used to collect groundwater samples from the four newly installed

Site 12 monitoring wells (see Tetra Tech SOP SA-1.1 and USEPA Region 1 SOP GW-0001,

Appendix C). Peristalic pumps will be used to conduct the purging and sampling.

14.8 HYDRAULIC CONDUCTIVITY TESTING

Rising-and-falling slug tests will be used to determine the hydraulic conductivity of the aquifer. Tetra

Tech SOP GH-2.4 describes the procedures for hydraulic conductivity testing.

14.9 INVESTIGATION-DERIVED WASTE MANAGEMENT

IDW in the form of soil or water will be generated during field activities, including during monitoring well

installation, development, and sampling and from decontamination of field equipment. Personal

protective equipment (PPE), such as nitrile gloves or groundwater sampling tubing, will be disposed of as

municipal waste and placed in a nearby dumpster. Other IDW will be containerized by Tetra Tech in

Department of Transportation (DOT) -approved (DOT specification 17C) 55-gallon drums, labeled as

IDW, and stored in a centralized location. Tetra Tech SOP SA-7.1 (Decontamination of Field Equipment)

is provided in Appendix C and details general procedures for management and labeling of IDW.

Under oversight by Tetra Tech, the drilling subcontractor(s) will be responsible for providing, filling,

sealing, and moving the drums to a centralized area specified by the base point of contact during

mobilization. The drums must be generally clean prior to moving to the centralized storage area, and will

be labeled by Tetra Tech with an IDW label (see Attachment A of Tetra Tech SOP SA-7.1 in Appendix C)

as soon as possible after they are filled. The drums will be arranged into rows (no more than two drums

deep) by the drilling subcontractor(s), with liquids and solids segregated, for easy access.

One aqueous IDW sample of the development/purge/decontamination water will be submitted for analysis

to Trimatrix for Toxicity Characteristic Leaching Procedure (TCLP)-List Organics and Inorganics, Flash

point, pH, Reactivity, Phenolics, BTU, Total PCBs, Water content, and Paint filter. The samples will be

submitted to the laboratory with a 14-day turnaround time. No samples of the soil IDW will be submitted
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for analysis. Analytical results for soil IDW from Phases 1 and 2 investigations of Site 12 will be used to

characterize the soil for disposal. Analytical data for the IDW samples will then be provided to NS Great

Lakes for characterization of the solid and aqueous wastes and determination of proper disposal

methods. NS Great Lakes will be responsible for contracting an approved IDW vendor to properly

dispose of the IDW drums. Manifests for the IDW disposal will be maintained by NS Great Lakes. Copies

of the manifest will be included in the RI report.

14.10 FIELD DECONTAMINATION PROCEDURES

Sample containers that are certified clean will be provided by Trimatrix. Decontamination of sampling

equipment will be conducted prior to and between sampling at each location. At each site, an

abbreviated decontamination procedure consisting of a soapy water (laboratory-grade detergent) rinse

followed by a deionized (DI) water rinse will be performed. Although it is not expected, if free product is

encountered, a more elaborate decontamination of equipment will be conducted in accordance with Tetra

Tech SOP SA-7.1.

14.11 FIELD DOCUMENTATION PROCEDURES

Field documentation will be performed in accordance with SOP SA-6.3 presented in Appendix C.

A summary of field activities will be properly recorded in a bound logbook with consecutively numbered

pages that cannot be removed. Logbooks will be assigned to field personnel and will be stored in a

secured area on base when not in use.

At a minimum, the following information will be recorded in the site logbook:

 Name of the person to whom the logbook is assigned.

 Project name.

 Project start date.

 Names and responsibilities of on-site project personnel including subcontractor personnel.

 Names, affiliations, and arrival/departure times of site visitors.

 Descriptions and arrival/departure times of on-site equipment.

 Sampling activity information and sample log sheet references.

 Descriptions of subcontractor activities.

 Sample information including chain-of-custody form numbers and air bill numbers, carrier, time, and

date.

 Descriptions of borehole and monitoring well installation activities and operations.
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 Health and safety issues.

 Descriptions of photographs including date, time, photographer, picture number, location, and

compass direction of photograph, and what the photo is intending to show.

Entries will be written in ink, and no erasures will be made. If an incorrect entry is made, the person

making the correction will strike a single line through the incorrect information, write in the correct

information and initial and date the change.

14.12 SAMPLE HANDLING

Methods for sample handling will be in accordance with SOP SA-6.1 (Appendix C). Sample containers

will be provided certified-clean from Trimatrix. Sample labeling will be in accordance with SOP SA-6.3

(Appendix C), and the sample numbering scheme will be in accordance with Worksheet No. 27 and

SOP CT-4.0 (Appendix C). The selection of sample containers, sample preservation, packaging, and

shipping will be in accordance with Worksheet No. 19 and SOP SA-6.1 (Appendix C).

14.13 ANALYTICAL TASKS

Chemical analysis will be performed by Trimatrix, who is a current Department of Defense Environmental

Laboratory Accreditation Program (DoD ELAP) approved laboratory. A copy of the laboratory certification

for can be found in Appendix B. Analyses will be performed in accordance with the analytical methods

identified in Worksheet #19. Trimatrix is expected to meet the PALs to the extent identified in

Worksheet #15. Trimatrix will perform chemical analysis following laboratory-specific SOPs

(Worksheets #19 and #23) developed based on the analytical methods listed in Worksheets #19 and #30.

14.14 DATA MANAGEMENT TASKS

See Appendix D. No changes to data management tasks are expected for the Phase 3 tasks.
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SAP Worksheet #15 -- Reference Limits and Evaluation Table

(UFP-QAPP Manual Section 2.8.1)

Matrix: Groundwater
Analytical Group: TAL Metals (total and dissolved)

Analyte CAS Number
PAL

(µg/L)
PAL

Reference
(1)

Project
Quantitation
Limit Goal
(PQLG)

(2)

(µg/L)

Trimatrix

LOQ
(µg/L)

Limit of
Detection

(LOD)
(µg/L)

DL
(µg/L)

TAL METALS (µg/L)

ALUMINUM 7429-90-5 16000 Tapwater RSL 5300 100 50 13

ANTIMONY 7440-36-0 24 35 IAC 620.420 8 1 0.5 0.15

ARSENIC 7440-38-2 200 35 IAC 620.420 66.7 1 0.5 0.18

BARIUM 7440-39-3 2000 35 IAC 620.420 667 10 10 2.7

BERYLLIUM 7440-41-7 500 35 IAC 620.420 167 1 0.4 0.11

CADMIUM 7440-43-9 50 35 IAC 620.420 16.7 0.2 0.1 0.038

CALCIUM 7440-70-2 NC 35 IAC 620.420 NC 500 500 230

CHROMIUM 7440-47-3 1000 35 IAC 620.420 330 1 0.5 0.2

COBALT 7440-48-4 1000 35 IAC 620.420 330 10 10 3.6

COPPER 7440-50-8 650 35 IAC 620.420 217 10 10 3.8

IRON 15438-31-0 5000 35 IAC 620.420 1667 10 10 6.5

LEAD 7439-92-1 100 35 IAC 620.420 33.3 1 0.5 0.15

MAGNESIUM 7439-95-4 NC 35 IAC 620.420 NC 500 500 140

MANGANESE 7439-96-5 10000 35 IAC 620.420 3330 10 10 2.8

MERCURY 7439-97-6 10 35 IAC 620.420 3.3 0.2 0.1 0.055

NICKEL 7440-02-0 2000 35 IAC 620.420 660 10 10 3.8

POTASSIUM 7440-09-7 NC 35 IAC 620.420 NC 100 100 33

SELENIUM 7782-49-2 50 35 IAC 620.420 16.7 1 1 0.31

SILVER 7440-22-4 Nondetected 35 IAC 620.420 Nondetected 10 10 4.1

SODIUM 7440-23-5 NC 35 IAC 620.420 NC 500 500 127

THALLIUM 7440-28-0 20 35 IAC 620.420 6.7 1 0.1 0.027

VANADIUM 7440-62-2 100 35 IAC 620.420 33.3 10 10 3

ZINC 7440-66-6 10000 35 IAC 620.420 3330 20 20 4.9
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Matrix: IDW
Analytical Group: Toxicity Characteristic Leaching Procedure (TCLP) Metals

Analyte
CAS

Number

Project Action
Limit

(mg/L)

Project Action Limit
Reference

Project
Quantitation
Limit Goal

(mg/L)

TriMatrix Laboratory

Limit of
Quantitation

(mg/L)

Method
Detection Limit

(mg/L)

ARSENIC 7440-38-2 5 RCRA 40 CFR 261.24 1.67 0.10 0.038

BARIUM 7440-39-3 100 RCRA 40 CFR 261.24 33.3 0.35 0.0018

CADMIUM 7440-43-9 1 RCRA 40 CFR 261.24 0.33 0.020 0.0049

CHROMIUM 7440-47-3 5 RCRA 40 CFR 261.24 1.67 0.050 0.0054

LEAD 7439-92-1 5 RCRA 40 CFR 261.24 1.67 0.10 0.032

MERCURY 7439-97-6 0.2 RCRA 40 CFR 261.24 0.067 0.00020 0.000043

SELENIUM 7782-49-2 1 RCRA 40 CFR 261.24 0.33 0.30 0.098

SILVER 7440-22-4 5 RCRA 40 CFR 261.24 1.67 0.010 0.0025

Matrix: IDW
Analytical Group: TCLP VOCs

Analyte
CAS

Number

Project
Action Limit

(mg/L)

Project Action Limit
Reference

Project
Quantitation Limit

Goal
(mg/L)

TriMatrix Laboratory

Limit of
Quantitation

(mg/L)

Method
Detection Limit

(mg/L)

BENZENE 71-43-2 0.5 RCRA 40 CFR 261.24 0.17 0.10 0.0088

CARBON TETRACHLORIDE 56-23-5 0.5 RCRA 40 CFR 261.24 0.17 0.10 0.016

CHLOROBENZENE 108-90-7 100 RCRA 40 CFR 261.24 33.3 0.10 0.011

CHLOROFORM 67-66-3 6 RCRA 40 CFR 261.24 2 0.10 0.0074

1,2-DICHLOROETHANE 107-06-2 0.5 RCRA 40 CFR 261.24 0.17 0.10 0.0096

1,1-DICHLOROETHENE 75-35-4 0.7 RCRA 40 CFR 261.24 0.23 0.10 0.017

2-BUTANONE 78-93-3 200 RCRA 40 CFR 261.24 66.7 5.0 0.027
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Analyte
CAS

Number

Project
Action Limit

(mg/L)

Project Action Limit
Reference

Project
Quantitation Limit

Goal
(mg/L)

TriMatrix Laboratory

Limit of
Quantitation

(mg/L)

Method
Detection Limit

(mg/L)

TETRACHLOROETHENE 127-18-4 0.7 RCRA 40 CFR 261.24 0.23 0.10 0.01

TRICHLOROETHENE 79-01-6 0.5 RCRA 40 CFR 261.24 0.17 0.10 0.013

VINYL CHLORIDE 75-01-4 0.2 RCRA 40 CFR 261.24 0.067 0.10 0.0062

Matrix: IDW
Analytical Group: TCLP SVOCs

Analyte
CAS

Number

Project
Action Limit

(mg/L)

Project Action Limit
Reference

Project
Quantitation Limit

Goal
(mg/L)

TriMatrix Laboratory

Limit of
Quantitation

(mg/L)

Method
Detection Limit

(mg/L)

O-CRESOL 95-48-7 200 RCRA 40 CFR 261.24 66.7 0.0050 0.00014

M-CRESOL 95-48-7 200 RCRA 40 CFR 261.24 66.7 0.0050 0.000016

P-CRESOL 106-44-5 200 RCRA 40 CFR 261.24 66.7 0.0050 0.000016

1,4-DICHLOROBENZENE 106-46-7 7.5 RCRA 40 CFR 261.24 2.5 0.0050 0.000015

2,4-DINITROTOLUENE 121-14-2 0.13 RCRA 40 CFR 261.24 0.43 0.0050 0.00021

HEXACHLOROBENZENE 118-74-1 0.13 RCRA 40 CFR 261.24 0.43 0.0050 0.000012

HEXACHLORO-1,3-BUTADIENE 87-68-3 0.5 RCRA 40 CFR 261.24 0.17 0.0050 0.00012

HEXACHLOROETHANE 67-72-1 3 RCRA 40 CFR 261.24 1.0 0.0050 0.000038

NITROBENZENE 98-95-3 2 RCRA 40 CFR 261.24 0.67 0.0050 0.000026

PENTACHLOROPHENOL 87-86-5 100 RCRA 40 CFR 261.24 33.3 0.050 0.00038

PYRIDINE 110-86-1 5 RCRA 40 CFR 261.24 1.67 0.0050 0.00019

2,4,5-TRICHLOROPHENOL 95-95-4 400 RCRA 40 CFR 261.24 133 0.0050 0.000027

2,4,6-TRICHLOROPHENOL 88-06-2 2 RCRA 40 CFR 261.24 0.67 0.0050 0.00011
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Matrix: IDW
Analytical Group: TCLP Pesticides

Analyte
CAS

Number

Project
Action Limit

(mg/L)

Project Action Limit
Reference

Project
Quantitation Limit

Goal
(mg/L)

TriMatrix Laboratory

Limit of
Quantitation

(mg/L)

Method
Detection Limit

(mg/L)

CHLORDANE 57-74-9 0.03 RCRA 40 CFR 261.24 0.01 0.0050 0.00012

ENDRIN 72-20-8 0.02 RCRA 40 CFR 261.24 0.0067 0.0050 0.00028

HEPTACHLOR 76-44-8 0.008 RCRA 40 CFR 261.24 0.0027 0.0050 0.000091

HEPTACHLOR EPOXIDE 1024-57-3 0.008 RCRA 40 CFR 261.24 0.0027 0.0050 0.000076

LINDANE 58-89-9 0.4 RCRA 40 CFR 261.24 0.13 0.0050 0.000057

METHOXYCHLOR 72-43-5 10 RCRA 40 CFR 261.24 3.3 0.0050 0.000072

TOXAPHENE 8001-35-2 0.5 RCRA 40 CFR 261.24 0.17 0.50 0.00029

Matrix: IDW
Analytical Group: TCLP Herbicides

Analyte
CAS

Number

Project
Action Limit

(mg/L)

Project Action Limit
Reference

Project
Quantitation Limit

Goal
(mg/L)

TriMatrix Laboratory

Limit of
Quantitation

(mg/L)

Method
Detection

Limit
(mg/L)

2,4-D 94-75-7 10 RCRA 40 CFR 261.24 3.3 0.10 0.0041

2,4,5-TP (SILVEX) 93-72-1 1 RCRA 40 CFR 261.24 0.33 0.10 0.0038
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Notes:
µg/L = Micrograms per liter
CAS = Chemical Abstract Service
CFR = Code of Federal Regulations
IAC= Illinois Administrative Code
NC = Not Criteria
RCRA = Resource Conservation Recovery Act

1 – The PAL is 35 IAC 620.420, except for aluminum which is USEPA Regional Screening Levels (RSLs) for tap water (USEPA, May 2013) .
2 - The PQLG is ⅓ the value of the PAL. 
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SAP Worksheet #16 -- Project Schedule/Timeline Table

(UFP-QAPP Manual Section 2.8.2)

Activity Organization

Dates

Deliverable
Deliverable
Due DateAnticipated Date

of Initiation
Anticipated Date of

Completion

Draft UFP-SAP/Field Sampling
Plan/APP

Tetra Tech 04/03/13 04/29/13 Draft UFP-SAP 04/29/13

Navy Review NAVFAC Midwest 04/30/13 05/20/13 Navy Comments 05/20/13

Resolve Comments Tetra Tech 05/21/13 05/31/13 Response to Comments 05/31/13

Draft Final UFP- SAP/Field
Sampling Plan/APP

Tetra Tech 06/01/13 06/19/13 Draft Final UFP-SAP 06/19/13

Illinois EPA Review Illinois EPA 06/20/13 07/15/13 Illinois EPA Comments 07/15/13

Resolve Comments Tetra Tech 07/16/13 07/24/13 Response to Comments 07/24/13

Final UFP-SAP/Field Sampling
Plan/APP

Tetra Tech 07/25/13 08/02/13 Final UFP_SAP 08/02/13

Field Work and Chemical analysis Tetra Tech and Trimatrix 08/12/13 09/13/13 None None

Field Data Review Tetra Tech 08/19/13 09/13/13 None None

Data Validation Tetra Tech 09/14/13 10/14/13 None None

Data Analysis and
Interpretation/Draft Final RI
Report

Tetra Tech 10/15/13 11/21/13 Draft Final RI Report 11/21/13

Navy and Regulatory Review Navy and Illinois EPA 11/22/13 12/16/13
Navy and Illinois EPA

Comments
12/16/13

Resolve Comments Tetra Tech 12/17/13 12/30/13 Response to Comments 12/30/13

Final RI Report Tetra Tech 12/31/13 01/14/14 Final RI Report 01/14/14
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SAP Worksheet #17 -- Sampling Design and Rationale

Site 12 is an area where spoils from harbor dredging activities were suspected to be placed.

Investigations suggest other filling activities have occurred at the site over the years. The area is

vegetated and serves as recreational area with a picnic pavilion, picnic tables, and access to

approximately 500 feet of Lake Michigan shoreline. Previous sampling activities, including the first phase

of the Site 12 RI, were performed and generally completed characterization of the nature and the extent

of contamination of the spoil. The only exception was characterization of the potential for metals in the

soil to leach and migrate to groundwater which was investigated by collecting soil and determining the

leachability during Phase 2. Several metals leachate concentrations exceed the leachability criteria,

indicating the need to investigate groundwater at the site to complete the definition of the extent of

contamination.

The sampling objective is to determine if past placement of dredge spoils or other fill material have

contributed to unacceptable contaminant concentrations in groundwater at the site. A judgmental

sampling approach will be used to evaluate contamination in the suspected source area, as discussed

below. Figure 17-1 shows the proposed locations of the four monitoring wells to be installed and

subsequently sampled. Worksheet #18 provides a detailed description of the sampling methods to be

used at Site 12. Field QC samples, including matrix spike/matrix spike duplicates (MS/MSD), will be

collected as outlined in Worksheet #20. Samples will be analyzed for TAL Metals, as presented in

Worksheet #15.

Four monitoring wells will be installed and one sample will be collected from each. Additionally one field

duplicate sample will be collected. The placement of the monitoring wells is based on a judgmental

approach which utilized past sampling data and knowledge of the Site. One well will be installed

upgradient of the Site and three wells will be installed on the downgradient edge of the site. This

approach will provide good spatial coverage and verify if groundwater entering the site is being impacted

prior to exiting the site. The new monitoring wells will also provide data that will be used to determine

groundwater flow directions and aquifer conditions. The surficial aquifer will be targeted to a depth of

approximately 15 feet bgs. The well screen interval will be determined in the field by the FOL based on

borehole conditions and actual depth to water.
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SAP Worksheet #18 -- Sampling Locations and Methods/SOP Requirements Table

Sampling Location/ID
Number

Matrix Depth (feet bgs) Analytical Group Number of
Samples

Sampling SOP
Reference

NTC12MW-01 to NTC12MW-
04/NTCGW-01 to NTC12GW-
04

Groundwater NA
Metals (total and
dissolved)

4 plus
1 duplicate

HS-1.0, CT-04, CT-05,
SA-1.1, SA-6.1, SA-6.3,
SA-7.1, GH-1.2, GH-1.3,
GH-1.5, GH-2.8

IDW Water NA
VOCs/SVOCs/Pesticides/
PCBs/Herbicides/Metals/
Reactivity/Ignitability/pH

1 SA-7.1
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SAP Worksheet #19 -- Analytical SOP Requirements Table

(UFP-QAPP Manual Section 3.1.1)

Matrix
Analytical

Group

Analytical and
Preparation Method /

SOP Reference

Containers

(number, size, and
type)

Sample volume

(units)

Preservation
Requirements

(chemical,
temperature, light

protected)

Maximum
Holding Time

1

(preparation /
analysis)

Groundwater
TAL Metals
(total and
dissolved)

SW-846 3010A/

3020A/6010C/7470A

SOPs: GR-01-140,

GR-01-147, GR-01-148,

GR-01-100, GR-01-123

1 – 500ml Plastic 50 milliliters/30
milliliters mercury

Nitric acid to a
pH<2

180 days to
analysis except

mercury which is
28 days to
analysis

1 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted.

See Appendix D for bottleware needed for Aqueous IDW samples.
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SAP Worksheet #20 -- Field Quality Control Sample Summary Table

(UFP-QAPP Manual Section 3.1.1)

Matrix
Analytical

Group

No. of
Sampling
Locations

No. of Field
Duplicates

No. of

MS/MSDs
1

No. of
Equip.
Blanks

No. of
Volatile
Organic

Analysis Trip
Blanks

No. of
Proficiency

Test
Samples

Total No.
of Samples

to Lab

Groundwater

TAL Metals
(total)

4 1 1/1 0 0 0 5

TAL Metals
(dissolved)

4 1 1/1 0 0 0 5

Aqueous
IDW

TCLP-List
VOCs/SVOCs/
Pesticides/
Herbicides/
Metals, Flash
point, pH,
Reactivity,
Phenolics,
BTU, Total
PCBs, Water
content, Paint
filter

1 0 0 0 0 0 1

1 Although matrix spike/matrix spike duplicates (MS/MSDs) are not typically considered field QC samples, they are included here
because location determination is often established in the field. The MS/MSDs are not included in the total number of samples sent
to the laboratory. For total and dissolved metals, a duplicate sample will be collected in place of an MSD.
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SAP Worksheet #21 -- Project Sampling SOP References Table

(UFP-QAPP Manual Section 3.1.2)

Reference
Number

Title, Revision Date, and/or
Number

Originating
Organization of

Sampling SOP

Equipment Type
Modified for

Project
Work?

Comments

CT-04
Sample Nomenclature
(Revision 3, 01/2012)

Tetra Tech NA
Y – Unused

portions
crossed out

Refer to
Appendix C

of SAP
Addendum

(Tetra Tech,
2013) for

field SOPs

CT-05
Data Base Records and Quality

Assurance
(Revision 3, 01/2012)

Tetra Tech NA N

GH-1.2 Evaluation of Existing Monitoring Wells
and Water Level Measurement

(Revision 3, 01/2012)

Tetra Tech Electronic water level indicator N

GH-1.3
Soil and Rock Drilling Methods

(Revision 2, 01/2012)
Tetra Tech Hollow-stem auger drill rig

Y – Unused
portions

crossed out

GH-1.5
Borehole and Sample Logging

(Revision 2, 01/2012)
Tetra Tech Hollow-stem auger drill rig

Y – Unused
portions

crossed out

HS-1.0
Utility Locating and Excavation

Clearance
(Revision 3, 01/2012)

Tetra Tech
Remote subsurface sensing,

magnetometer, ground-
penetrating radar, etc.

Y – Unused
portions

crossed out

GH-2.4
In-situ Hydraulic Conductivity Testing,

(Revision 2, 01/2012)
Tetra Tech

Water level meter, solid
cylinder, pressure transducer

N

GH-2.5 Groundwater Contour Maps and Flow
Determinations

(Revision 2, 01/2012)

Tetra Tech NA N

GH-2.8 Groundwater Monitoring Well
Installation

(Revision 4, 01/2012)

Tetra Tech Health and safety equipment,
well drilling and installation
equipment, hydrogeologic

equipment, drive point
installation tools

N
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Reference
Number

Title, Revision Date, and/or
Number

Originating
Organization of

Sampling SOP

Equipment Type
Modified for

Project
Work?

Comments

SA-1.1 Groundwater Sample Acquisition and
Onsite Water Quality Testing

(Revision 8, 01/2012)

Tetra Tech Bladder or Peristaltic Pump,
Multi-parameter water quality
meter, such as a Horiba U-22,

turbidity meter, PID

Y – Unused
portions

crossed out

SA-2.5
Direct Push Technology
(Revision 4, 01/2012)

Tetra Tech
Combination DPT/HAS Drilling

Rig

Y – Unused
portions

crossed out

SA-6.1
Non-Radiological Sample Handling

(Revision 4, 01/2012)
Tetra Tech

Sample bottleware, packaging
material, shipping materials

N

SA-6.3
Field Documentation
(Revision 4, 01/2012)

Tetra Tech

Field logbook, boring logs, field
sample forms, low-flow purge
sheets, equipment calibration

logs, bottle labels, COCs

Y – Unused
portions

crossed out

SA-7.1
Decontamination of Field Equipment

(Revision 7, 01/2012)
Tetra Tech

Decontamination equipment,
scrub brushes, 5-gallon
buckets, spray bottles,

phosphate free detergent, de-
ionized water

Y – Unused
portions

crossed out
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SAP Worksheet #22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table

(UFP-QAPP Manual Section 3.1.2.4)

Field
Equipment

Activity Frequency
Acceptance

Criteria
Corrective

Action
Responsible

Person
SOP Reference

Comments

Water
Quality
Meter

Prepared Standards Daily
Manufacturer’s
Guidance

Replace
FOL SA-1.1 None

Water
Level
Indicator

Field checks as per
manufacturer

Daily
0.01 foot
accuracy

Operator
correction or
replacement

FOL GH-1.2 None

Turbidity
Meter
(LaMotte)

Field checks as per
manufacturer

Daily 0.1 NTU Replace FOL SA-1.1 None

PID Calibration Gas Daily
Manufacturer’s
Guidance

Replace FOL
Per manufacturer’s
instructions

None
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SAP Worksheet #23 -- Analytical SOP References Table

(UFP-QAPP Manual Section 3.2.1)

Laboratory
SOP

Number

Title, Revision Date,
and / or Number

Definitive
or

Screening
Data

Matrix and
Analytical Group

Instrument
Organization
Performing

Analysis

Variance to
Quality

Systems
Manual (QSM)?

(Y/N)

Modified for
Project Work?

1

(Y/N)

GR-01-100

Inductively Coupled Plasma
(ICP) Atomic Emission
Spectroscopy (AES),

9/20/11 -- rev. 5.9 6010C

Definitive
Groundwater/

Metals

Perkin Elmer ICP
3000

3300DV
5300DV

TriMatrix
N

N

GR-01-123

Mercury by Semi-
Automated Cold Vapor

Atomic Absorption 9/25/11 -
- rev. 5.8, 7470A/7471A

Definitive
Groundwater/

Mercury

PSA Millenium
Cold Vapor

Mercury Analyzer
TriMatrix

N
N

GR-01-147
Block Digestion for Total
Metals in Water for ICP,

9/15/12 -- rev. 0.5 3010A
Definitive

Groundwater/
Metals

Environmental
Express Hot Block

TriMatrix
N

N

GR-01-148

Block Digestion of Aqueous
Samples and Extracts for
Total/Dissolved Metals for

ICPMS, 10/20/11 -- rev. 0.4
3020A

Definitive
Groundwater/

Metals
Environmental

Express Hot Block
TriMatrix N N

GR-01-140

Digestion of Mercury in
Water, Wastewater, and

Aqueous Waste, 01/09/12 --
rev. 0.4 7470A

Definitive
Groundwater/

Mercury
Environmental

Express Hot Block
TriMatrix

N
N
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SAP Worksheet #24 -- Analytical Instrument Calibration Table

(UFP-QAPP Manual Section 3.2.2)

Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria Corrective Action (CA)
Person

Responsible
for CA

SOP

Reference

ICP-AES
Metals

Initial calibration
(ICAL) - a 1-
point calibration
per
manufacturer's
guidelines is
prepared for all
target analytes

At the beginning
of each day, or if
the QC is out of
criteria, prior to
sample analysis.

None; only one high standard and a
calibration blank must be analyzed. If
more than one calibration standard is
used, r must be ≥ 0.995. 

Recalibrate and/or perform
the necessary equipment
maintenance. Check the
calibration standards.
Reanalyze the affected data.

Analyst/
Supervisor

GR-01-100

Initial calibration
verifications
(ICV) – Second
Source

Following ICAL,
prior to the
analysis of
samples.

The percent recovery (%R) of all target
analytes must be within 90-110% of true
value.

Investigate reasons for
failure, reanalyze once. If still
unacceptable, correct
problem and repeat ICAL.

Analyst/
Supervisor

Continuing
Calibration
Verification
(CCV)

At the beginning
and end of the
sequence and
after every
10 samples.

The %R must be within 90-110% of true
value.

Recalibrate and/or perform
the necessary equipment
maintenance. Check the
calibration standards.
Reanalyze all affected
samples.

Analyst/
Supervisor

Initial Calibration
Blank

Before beginning
a sample
sequence.

No target analytes detected > LOD. Correct the problem, then
re-prepare and reanalyze.

Analyst /
Supervisor

Continuing
calibration blank

After the initial
CCV, after every
10 samples, and
at the end of the
sequence.

No target analytes detected > LOD. Correct the problem, then
re-prepare and reanalyze
calibration blank and all
affected samples.

Analyst /
Supervisor

Low-Level
Check Standard
(if using 1-point
ICAL) – not for
mercury

Daily after 1-point
ICAL and before
samples.

The %R must be within 80-120% of true
value.

Investigate and perform
necessary equipment
maintenance. Recalibrate
and reanalyze all affected
samples.

Analyst /
Supervisor
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Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria Corrective Action (CA)
Person

Responsible
for CA

SOP

Reference

Interference
Check
Standards (ICS
– ICS A and ICS
B) – not for
mercury

At the beginning
of an analytical
run.

ICS A recoveries must be within the
absolute value of the LOD; and ICS B
recoveries must be within 80-120 %R of
true value.

Terminate analysis; locate
and correct problem;
reanalyze ICS.

Analyst /
Supervisor

Flow Injection
Analyzer
Mercury

ICAL – A
minimum of a 5-
point calibration
curve is
prepared

Perform daily
prior to sample
analysis.

The relative standard deviation (RSD) for
RFs must be ≤ 20%, or r must be ≥ 0.995. 

Correct problem then repeat
ICAL. No samples may be
run until ICAL has passed.

Analyst/
Supervisor

GR-01-123

ICV – Second
Source

Following ICAL,
prior to the
analysis of
samples.

The %R must be within 90-110% of true
value.

Correct problem and verify
ICV. If that fails, correct
problem and repeat ICAL.
No samples may be run until
ICV has been verified.

Analyst/
Supervisor

Calibration
Blank

One is performed
at the beginning
of analytical
sequence, after
every 10 samples,
and at the end of
the sequence.

The target analyte concentration must be
< LOD.

Re-prepare and analyze all
associated samples.

Analyst/
Supervisor

CCV Perform after
every 10 samples
and at the end of
the analytical
sequence.

The %R must be within 80-120% of true
value.

Correct problem and rerun
CCV. If that fails, repeat
ICAL and reanalyze all
samples analyzed since the
last successful CCV.

Analyst/
Supervisor

CCV
(undistilled)

CCV (undistilled)
at the beginning
and end of each
run sequence and
after every 10
samples.

The %R must be within 90-100% of true
value.

If the CCV (undistilled) fails
high, report samples that are
<LOQ. Recalibrate and/or
reanalyze samples back to
last acceptable CCV.

Analyst/
Supervisor
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SAP Worksheet #25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table

(UFP-QAPP Manual Section 3.2.3)

Instrument /
Equipment

Maintenance
Activity

Testing Activity
Inspection
Activity

Frequency
Acceptance
Criteria

Corrective
Action

Responsible
Person2

SOP
Reference1

Perkin Elmer
Optima ICP
3000
3300DV
5300DV

Replace pump
tubing and clean
filters.

TAL Metals (total
and dissolved)

Inspect torch
visually,
disassemble
torch assembly
and replace
worn or
damaged parts.

Replace pump tubing
and inspect torch daily.
Clean filters weekly.
Disassemble torch every
6-8 weeks or as needed.

Per instrument
manufacturer’s
instructions.

Inspect torch
assembly and
replace any
worn or
damaged
parts. Clean
or replace
nebulizer and
aluminum
injector.

Metals Analyst GR-01-100

PSA Millennium
Mercury
Analyzer

Flush all tubing,
replace pump
tubing, replace
Perma-pure drying
system membrane
or entire assembly,
replace activated
charcoal in
exhaust line.

Mercury

Check for
discoloration in
Perma-pure
drying system.

Flush tubing daily.
Change tubing at least
weekly. Check Perma-
pure system for
discoloration monthly.
Replace Perma-pure
inner membrane every
six months. Replace
charcoal annually.

Per instrument
manufacturer’s
instructions.

Inspect
system and
correct
problem.

Metals Analyst GR-01-123
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SAP Worksheet #24 -- Analytical Instrument Calibration Table

(UFP-QAPP Manual Section 3.2.2)

Instrument
Calibration
Procedure

Frequency of
Calibration

Acceptance Criteria Corrective Action (CA)
Person

Responsible
for CA

SOP

Reference

ICP-AES
Metals

Initial calibration
(ICAL) - a 1-
point calibration
per
manufacturer's
guidelines is
prepared for all
target analytes

At the beginning
of each day, or if
the QC is out of
criteria, prior to
sample analysis.

None; only one high standard and a
calibration blank must be analyzed. If
more than one calibration standard is
used, r must be ≥ 0.995. 

Recalibrate and/or perform
the necessary equipment
maintenance. Check the
calibration standards.
Reanalyze the affected data.

Analyst/
Supervisor

GR-01-100

Initial calibration
verifications
(ICV) – Second
Source

Following ICAL,
prior to the
analysis of
samples.

The percent recovery (%R) of all target
analytes must be within 90-110% of true
value.

Investigate reasons for
failure, reanalyze once. If still
unacceptable, correct
problem and repeat ICAL.

Analyst/
Supervisor

Continuing
Calibration
Verification
(CCV)

At the beginning
and end of the
sequence and
after every
10 samples.

The %R must be within 90-110% of true
value.

Recalibrate and/or perform
the necessary equipment
maintenance. Check the
calibration standards.
Reanalyze all affected
samples.

Analyst/
Supervisor

Initial Calibration
Blank

Before beginning
a sample
sequence.

No target analytes detected > LOD. Correct the problem, then
re-prepare and reanalyze.

Analyst /
Supervisor

Continuing
calibration blank

After the initial
CCV, after every
10 samples, and
at the end of the
sequence.

No target analytes detected > LOD. Correct the problem, then
re-prepare and reanalyze
calibration blank and all
affected samples.

Analyst /
Supervisor

Low-Level
Check Standard
(if using 1-point
ICAL) – not for
mercury

Daily after 1-point
ICAL and before
samples.

The %R must be within 80-120% of true
value.

Investigate and perform
necessary equipment
maintenance. Recalibrate
and reanalyze all affected
samples.

Analyst /
Supervisor
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Matrix Groundwater

Analytical Group
TAL Metals total and
dissolved

Analytical
Method/SOP
Reference

SW-846 6010C, 7470A

QC Sample Frequency/Number
Method/SOP QC

Acceptance Limits
CA

Person(s)
Responsible for

CA
DQI MPC

Post Digestion
Spike (applies to
ICP only)

One is performed when
serial dilution fails or
target analyte
concentration(s) in all
samples are < 50x LOD.

The %R must be
within 75-125% of
expected value to
verify the absence of
interference. Spike
addition should
produce a
concentration of 10-
100x LOQ.

Flag results for affected analytes for
all associated samples with “J”.

Analyst,
Supervisor

Accuracy/ Bias Same as QC
Acceptance Limits.

Results between
DL and LOQ

NA. Apply “J” qualifier to
results between DL
and LOQ.

NA. Analyst,
Supervisor

Accuracy Same as QC
Acceptance Limits.
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SAP Worksheet #30 -- Analytical Services Table

(UFP-QAPP Manual Section 3.5.2.3)

Matrix Analytical Group

Sample
Locations/ID

Numbers

Analytical
Method

Data Package
Turnaround

Time

Laboratory/Organization

(name and address, contact
person and telephone

number)

Backup
Laboratory/Organization

(name and address, contact
person and telephone

number)

Groundwater
TAL Metals (total and
dissolved)

See Worksheet
#18

SW-846
6010C/7470
A

14 calendar
days

Project Manager
Gary Woods
TriMatrix Laboratories Inc.
5560 Corporate Exchange
Court, SE
Grand Rapids, MI 49512
(616) 940-4206
woodgl@trimatrixlabs.com

NA

IDW

TCLP-List Organics
and Inorganics;
Flashpoint, pH,
Reactivity, Phenolics,
BTU, Total PCBs,
Water content, Paint
filter

See Worksheet
#18

SW-846
1311/8260B/
8270D/
8081B/
8151A/
6010C/
7470A
SW-846
1010A
SW-846
9040B
SW-846
Chapter 7.7.3
SW-846
9065
ASTM D3286
SW-846
8082A
SW-846
9000
SW-846
9095A

14 calendar
days

NA
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1.0 SIGNATURE SHEET 

By their signature, the undersigned hereby certify that this Accident Prevention Plan (APP) has been 

prepared using the latest available information regarding known or suspected chemical contaminants and 

potential physical hazards associated with the proposed work at the site, and has been reviewed and 

approved for use during field operations at the field activities at Site 12, to be conducted at the at Naval 

Station Great Lakes, Great Lakes, Illinois. 
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2.0  BACKGROUND INFORMATION 

2.1 CONTRACTOR 

Tetra Tech, Inc. (Tetra Tech) will conduct the field activities identified in the APP/SSHP. 
 

2.2 CONTRACT NUMBER 

N62470-08-D-1001, Comprehensive Long-term Environmental Action Navy (CLEAN), Contract Task 

Order (CTO) F27A. 

 

2.3 PROJECT NAME 

Phase 3 Remedial Investigation of Site 12 – Harbor Dredge Spoil Area, Naval Station Great Lakes (NS 

Great Lakes), Great Lakes, Illinois. 

 

2.4 PROJECT DESCRIPTION 

This Accident Prevention Plan (APP)/Site-Specific Health and Safety Plan (SSHP) has been prepared to 

support site investigation activities. Phase 3 activities are being performed to collect groundwater metals 

data. 

 

2.5   DESCRIPTION OF WORK TO BE PEFORMED AND LOCATION 

A Drilling Subcontractor will perform drilling using a Geoprobe® Model 6620DT, track-mounted, Direct 

Push Technology (DPT)/Hollow-Stem Auger (HSA) unit. Tetra Tech, with the subcontractor’s assistance 

will perform the following tasks: 

 

 Monitoring Well Installation - Install four (4) monitoring wells within the overburden to determine if 

elevated soils concentrations have affected groundwater. Monitoring wells will be installed using a 

four (4) inch hollow stem auger (HSA). 

 

 Monitoring Well Construction - Permanent monitoring wells will be constructed of 2-inch-diameter, 

Schedule 40, flush-joint, polyvinyl chloride (PVC) riser pipe and slotted screen (see SOP GH-2.8, 

Appendix C of the UFP/SAP).  In each well, the screen will be 10 feet long and have a slot size of 

0.010-inch (factory slotted).  Details regarding grout materials, the outer protective casing, the well 

pad, and the protective barrier posts are included in SOP GH-2.8 in Appendix C of the UFP/SAP.  
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 Well Development - Twenty four (24) hours after installation, the monitoring wells will be developed to 

ensure adequate contact with the aquifer. 

 

 Well Surveying - A Licensed Surveyor will survey horizontal and vertical locations of the newly 

installed monitoring wells.  The ground surface, the top of the protective casing, and the top of the 

well riser will be surveyed.  Horizontal locations shall be referenced to the Illinois State Plane 

Coordinate System (SPCS), North American Datum of 1983 (NAD 83).  Vertical locations (elevations) 

shall be referenced to mean sea level (MSL), North American Vertical Datum 1988 (NAVD 88).   

 

 Monitoring Well Development - Twenty four (24) hours after the installation, monitoring well 

development can occur. All new monitoring wells will be developed in accordance with SOP GH-2.8 

in Appendix C of the UFP/SAP to remove fine sediment from inside and around the well screens.   

 

 All groundwater removed from the well during the development process will be containerized in 55-

gallon drums. 

 

 Groundwater-level Measurements - Prior to sampling, one synoptic round of water-level 

measurements and total well depth soundings will be obtained at each of the new monitoring wells 

installed at Site 12.  All groundwater-level measurements collected at Site 12 will be taken within a 4-

hour period using an electronic water-level meter.  Water-level elevations will be recorded to an 0.01-

foot accuracy from a marked reference point on the well riser pipe.  The water-level meter will be 

decontaminated between each well measurement; decontamination procedures are addressed in 

SOP SA-7.1 of the UFP/SAP. 

 

 Low-Flow purging and sampling of monitoring wells - Low-flow sampling procedures will be used to 

collect groundwater samples from the four newly installed Site 12 monitoring wells (see Tetra Tech 

SOP SA-1.1, Appendix C of the UFP/SAP).  Sample collection will utilize a peristaltic pump. 

 

 Hydraulic Testing - Rising-and-falling slug tests will be used to determine the hydraulic conductivity of 

the aquifer.  Tetra Tech SOP GH-2.4 of the UFP/SAP describes the procedures for hydraulic 

conductivity testing.  

 

 Investigation-Derived Waste Management (IDW) - IDW in the form of soil or water will be generated 

during field activities, including during monitoring well installation, development, and sampling and 

from decontamination of field equipment. These materials shall be containerized by Tetra Tech in 

Department of Transportation (DOT) -approved (DOT specification 17C/UNA1A) 55-gallon drums, 

labeled as IDW, and stored in a centralized location.  Tetra Tech SOP SA-7.1 (Decontamination of 
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Field Equipment) is provided in Appendix C of the UFP/SAP and details general procedures for 

management and labeling of IDW.  

 

- Personal protective equipment (PPE), such as nitrile gloves or groundwater sampling tubing, will 

be flushed and disposed of as municipal waste and placed in a nearby dumpster.    

 

 Under oversight by Tetra Tech, the drilling subcontractor(s) will be responsible for providing, filling, 

sealing, and moving the drums to a centralized area specified by the base point of contact during 

mobilization.  The drums must be generally clean prior to moving to the centralized storage area, and 

will be labeled by Tetra Tech with an IDW label (see Attachment A of Tetra Tech SOP SA-7.1 in 

Appendix C of the UFP/SAP) as soon as possible after they are filled.  The drums will be arranged 

into rows (no more than two drums deep) by the drilling subcontractor(s), with liquids and solids 

segregated, for easy access. 

 

- One aqueous IDW sample of decontamination water will be submitted for Toxicity Characteristic 

Leaching Procedure (TCLP) – List Volatile Organic Compounds (VOCs), Semi-Volatile Organic 

Compounds (SVOCs), Pesticides, Herbicides, and Metals analysis to the Analytical Laboratory 

for Flash point, pH, Reactivity, Phenolics, BTU, Total PCBs, Water content, and Paint filter. The 

samples will be submitted to the laboratory with a 14-day turnaround time.  Analytical data for the 

IDW samples will then be provided to NS Great Lakes for characterization of the solid and 

aqueous wastes and determination of proper disposal methods.  NS Great Lakes will be 

responsible for contracting an approved IDW vendor to properly dispose of the IDW drums.  

Manifests for the IDW disposal will be maintained by NS Great Lakes.  Copies of the manifest will 

be included in the RI report. 

 

 Field Decontamination Procedures - Sample containers that are certified clean will be provided by 

selected analytical laboratory.  Decontamination of sampling equipment will be conducted prior to and 

between sampling at each location.  At each site, an abbreviated decontamination procedure 

consisting of a soapy water (laboratory-grade detergent) rinse followed by a deionized (DI) water 

rinse will be performed.  However, if free product is encountered, a more elaborate decontamination 

of equipment will be conducted in accordance with Tetra Tech SOP SA-7.1 of the UFP/SAP . 

 

2.5.1 Location 

The NS Great Lakes is located in Lake County, Illinois, on the shore of Lake Michigan about 50 miles 

north of downtown Chicago. Dedicated in 1911, NS Great Lakes is the largest naval training center in the 
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United States. Naval Station Great Lakes covers approximately 1,650 acres and includes over 1,000 

buildings. 

 

2.5.1.1 Site 12 (Harbor Dredge Spoil Area) 

Site 12, the harbor dredge spoil area, is approximately four acres located in a flat area on the shore of the 

naval training center outer harbor. The area is bounded by the lake on the east, beach to the north and 

south, and by an approximately 50-foot high bluff on the west. The area was used to deposit sediment 

from harbor dredging activities that occurred during in the 1950s and 1970s. In addition, the site has 

reportedly accepted demolition debris and other waste over the years. The area is currently grassed and 

is used for picnic and recreational purposes.   

 

The Inner Harbor sediments are contaminated with heavy metals, PCB, and oils. The source of these 

contaminants was identified as the industries located upstream from the activity. Hazardous wastes 

generated by private industry upstream of the activity may have entered the harbor, and these wastes 

may pose a threat to the environment, even though there is no history of direct dumping in the harbor. 

Similarly, the sediments dredged from the harbor may contain concentrations of hazardous materials.  

 

2.6 PHASES OF WORK REQUIRING ACITIVITY HAZARD ANALYSIS (AHA)  

The specific tasks anticipated to be involved with this effort are listed below:  

 

 Site Mobilization/ Demobilization activities including utility locate and clearance 

 Soil Boring/ Monitoring Well Installation using Hollow Stem Auger (HSA) 

 MacroCore – Lithological Descriptions 

 Monitoring Well Development, Groundwater Measurements, Groundwater Sampling Using a 

Peristaltic Pump 

 Decontamination 

 Investigative Derived Waste (IDW) Management 

 Land Surveying 
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3.0  STATEMENT OF SAFETY AND HEALTH POLICY 

Tetra Tech is committed to providing our employees with a safe and healthful workplace.   It is the goal of 

Tetra Tech to continue excellent safety performance on Naval Facilities Engineering Command 

(NAVFAC) contracts to support the Navy in their safety efforts.  Specifically, Tetra Tech will perform work 

in a manner that is consistent with the Zero Incident Philosophy.  It is our goal to plan and perform the 

work in a manner that integrates safety and health considerations so that worker injuries or illnesses, 

environmental releases/impacts, or property damage are eliminated.  In addition to the line and staff 

management functions described in this APP/SSHP that each individual performing work under this 

contract has the responsibility for his/her own personal health and safety, as well as for assisting in 

assuring the health and safety of co-workers.  This element is also the first one listed in our corporate 

Health and Safety Policy Statement, which requires that employees “recognize a personal responsibility 

for their own health and safety and for actions that affect the health and safety of fellow employees."  This 

employee responsibility includes observing specified health and safety requirements and communicating 

with the designated Site Safety Officer (SSO) on matters such as the effectiveness of specified control 

measures, identification of new potential hazards, and other related issues.  

 

An employee’s failure to adhere to the requirements of this APP/SSHP or to observe specified safety 

requirements and restrictions, or to properly use identified protective equipment that could lead to injury 

or illness will not be tolerated.  Failure to comply with health and safety procedures and requirements will 

lead to reprimand up to and including dismissal and removal from the site.   

 

Health and safety-related information is communicated to employees through meetings, postings, written 

communications, and reporting of hazards.   

 

This APP/SSHP establishes the requirements that the SSO must follow to respond to changing conditions 

by knowing when to stop work and call for additional guidance from a Certified Industrial Hygienist 

(CIH)/Certified Safety Professional (CSP). The Project Health and Safety Officer (PHSO) will provide the 

SSO with additional information, or request additional information, in order to fully evaluate the situation. 

This type of communication provides the SSO with the necessary support and knowledge to equip the 

workers with the required protection either through adjustment to the work procedures, or through 

additional techniques, tools, or equipment. Personal protective equipment (PPE) may be altered to 

provide additional protection to the workers, based on the information provided by the SSO to the PHSO. 

This APP/SSHP also delineates health and safety responsibilities and assigns those responsibilities to 

project and office personnel.  
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3.1 TETRA TECH SAFETY STATISTICS 

Table 3-1 presents safety statistics for Tetra Tech for the last 3 calendar years compared to the national 

averages for our industry.  This comparison uses data collected by the United States Department of 

Labor, Bureau of Labor Statistics (BLS) for different types of employers, segregated by North American 

Industry Classification System (NAICS) codes.   

 

TABLE 3-1 

COMPARISON OF TETRA TECH AND 2010 BLS DATA FOR 
NAICS CODE 541 (RCIR AND DART CASE RATES) 

 
 NAICS 541 

Professional, 
Scientific and 

Technical 
Services 

2010 

Tetra Tech 
2010 

(28 Jan 2011) 

Tetra Tech 
2011 

(23 Jan 2012) 

Tetra Tech 
2012 

(22 Jan 2013) 

Total Recordable Case Incident 
Rate (RCIR) 

1.0 0.6 0.0 1.2 

Days Away/Restricted 
Duty/Transfer Case Rate (DART) 

0.3 0.2 0.0 0.2 

 

The data comparison illustrates that Tetra Tech’s performance compares favorably with the most-recent 

national averages for the environmental engineering and hazardous waste services industries.  Raw data 

for these statistics can be found in the OSHA Form 300 and 300A attached see Figure 3-1.  

 
Tetra Tech Man Hours Worked: 

 
2010  900,132 
2011  872,801 
2012  994,740 

 
Tetra Tech Experience Modification Rates  
(Policy Year October 1 - September 30): 
 

2009-2010: 0.74 
2010-2011: 0.76 
2011-2012: 0.78 
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4.0  RESPONSIBILITIES AND LINES OF AUTHORITY 

4.1 STATEMENT OF RESPONSIBILITY 

Tetra Tech, as the employer for staff that will be engaged in performing the work presented in this APP, 

fully recognizes and accepts ultimate responsibility for protecting the safety and health of our employees, 

and for the implementation of an effective Safety and Occupational Health program.  No person shall be 

required or instructed to work in surroundings or under conditions that are unsafe or dangerous to his or 

her health. Each employee is responsible for complying with applicable safety and occupational health 

requirements, wearing prescribed safety and health equipment, reporting unsafe conditions/activities, 

preventing avoidable accidents, and working in a safe manner. 

 

4.2  IDENTIFICATION AND ACCOUNTABILITY 

This section defines responsibility for safety and health for Tetra Tech and subcontractor employees 

engaged in onsite activities.  Personnel assigned to these positions will exercise the primary responsibility 

for onsite health and safety.  These persons will be the primary point of contact for any questions 

regarding the safety and health procedures and the selected control measures that are to be 

implemented for onsite activities. 

 

The Navy personnel primarily responsible for this CTO are: 

 Navy Remedial Project Manager (RPM):  Ms. Terese Van Donsel    

 Installation Point of Contact (POC):     Mr. Howard Hickey    

 

4.2.1 Project Manager – Mr. Corey Rich, PE 

The Tetra Tech PM is responsible for the overall direction and implementation of health and safety for this 

work.  The PM coordinates closely with the Navy RPM who is responsible to oversee the project 

implementation, including scoping, data review, and evaluation for the Navy.  This includes the 

responsibility for ensuring that: 

 

 Work is appropriately planned and executed in accordance with contractual, regulatory, and internal 

requirements. 

 

 Insure adequate resources (including personnel, equipment, and supplies) are assembled, and made 

available to the FOL and SSO to safely and effectively accomplish the work. 
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 Ensure implementation of this APP through coordination with the HSM, and the PHSO, as applicable.  

 

 Conduct periodic inspections.  

 

 Participate in the incident investigations.  

 

 Ensure the APP/SSHP has the required approvals before any site work is conducted.  

 

 Ensure that the PHSO and HSM are informed of project scope changes that require modifications of 

the APP/SSHP when and where appropriate.  

 

 Assume overall project responsibility for health and safety.  

 

4.2.2 Health and Safety Manager – Matthew Soltis, CIH, CSP 

The Health and Safety Manager (HSM) is responsible for the development and administration of the 

company health and safety program.  The HSM will act in an advisory capacity to PM and site personnel 

for project-specific health and safety issues.  The Tetra Tech PM will establish a liaison between the Navy 

RPM and the HSM on matters relating to health and safety.  In the fulfillment of the duties of this position, 

the HSM will enlist the support of safety and occupational health professionals, as appropriate.  The HSM 

is responsible for the following actions: 

 

 Developing, maintaining, and overseeing implementation of this APP/SSHP.  

 Visiting project sites as needed to audit the effectiveness of the APP/SSHP.  

 Remaining available to respond to project emergencies. 

 Developing modifications to the APP/SSHP as needed. 

 Evaluating occupational exposure monitoring/air sampling data and adjusting APP/SSHP, as 

necessary. 

 Serving as a Quality Control staff member. 

 Approving the APP/SSHP by signature indicating plan concurrence. 

 

The work under this contract, including this field effort, is subject to a comprehensive health and safety 

program developed, designed, and implemented by Matthew M. Soltis, CIH, CSP.  Mr. Soltis serves as 

Corporate Manager of Health and Safety for Tetra Tech Technical Support Services and as the HSM for 

the planned work addressed in this APP/SSHP.  He has more than 25 years of experience in the Health 

and Safety field. 
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4.2.3 Project Health and Safety Officer – Thomas M. Dickson, CSP 

The Project Health and Safety Officer (PHSO) is responsible for developing this APP/SSHP in accordance 

with applicable OSHA regulations.  Specific responsibilities include: 

 

 Providing information regarding site contaminants and physical hazards associated with the site and 

tasks to be conducted. 

 Establishing air monitoring and decontamination procedures based on contaminants of concern. 

 Assigning personal protective equipment based on task and potential hazards. 

 Determining emergency response procedures and emergency contacts. 

 Stipulating and medical surveillance requirements. 

 Providing standard work practices to minimize the potential injuries and exposures while engaged in 

site investigation activities. 

 Modifying this APP/SSHP, as necessary 

 

Mr. Dickson has served as a PHSO for a wide variety of Environmental Investigation/Remediation Projects 

for NAVFAC since 1993.  His experience involves CERCLA investigations, remedial action projects, and 

baseline characterization studies (estimated at over 100 different projects), as well as providing oversight for 

construction activities.  He supports Tetra Tech in the capacity of Competent Person in areas including: 

  

 Excavation 

 Scaffolding 

 Fall protection 

 

In this capacity, his is responsible for identifying site chemical and physical hazards and developing the 

APP/SSHP HASP, providing technical guidance to field personnel to control or minimize site hazards.  He is 

a principle instructor for all the OSHA HAZWOPER training programs including the 40-hour initial training, 8-

hour supervisory training, and 8-hour annual refresher training.  He has also completed the OSHA 30-hour 

Construction Safety and Health training. Mr. Dickson has maintained his Certification as a Safety 

Professional in good standing since the year 2000. 

 

4.2.4 Field Operations Leader – Mr. Stanley Conti, P.G. 

The Tetra Tech FOL is responsible for implementation of the project work plans in accordance with the 

APP, with the assistance of the SSO.  The FOL manages field activities, executes the SAP, and enforces 

safety procedures as applicable to the SAP.  Other duties include: 
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 Ensuring that the utility clearances and proper notifications are made prior to beginning work. 

 Verifying training and medical clearance of onsite personnel status in relation to site activities. 

 Selecting, applying, inspecting, and maintaining personal protective equipment. 

 Implementing Hazard Communication, Respiratory Protection Programs, and other health and 

safety programs as needed. 

 Providing site-specific training for onsite personnel including Daily Operation safety Meetings. 

 Investigating accidents and injuries. 

 

Mr. Conti’s qualifications are presented in Section 4.4. 

 

4.2.5 Site Safety Officer (SSO) – Mr. Stanley Conti, P.G. 

The SSO has completed 40-Hour HAZWOPER and subsequent 8-Hour HAZWOPER Refresher Training, 

8-Hour HAZWOPER Supervisor Training, and First Aid/Cardio Pulmonary Resuscitation (CPR) and 

Bloodborne Pathogen (BBP) training in accordance with regulatory requirements applicable to the work 

that will be performed for this project.  He has also completed the OSHA 30-hour Construction Safety and 

Health training. The SSO is also responsible for ensuring that corrective measures have been 

implemented, appropriate internal and Navy authorities have been notified, and follow-up reports have 

been completed. Individual subcontractors are required to cooperate with the SSO within the parameters 

of their respective Scope of Work. The SSO supports site activities by advising the FOL on the aspects of 

health and safety onsite.  These duties may include the following: 

 

 Coordinating health and safety activities with the FOL 

 Selecting, inspecting, implementing, and maintaining personal protective equipment 

 Establishing work zones and control points 

 Implementing air-monitoring program for onsite activities 

 Verifying training and medical status of onsite personnel status in relation to site activities 

 Coordinating emergency services 

 Providing site specific training for onsite personnel 

 Investigating accidents and injuries 

 Developing and maintaining current chemical inventories and Material Safety Data Sheet (MSDS) 

files for hazardous chemicals that will be used/stored at that workplace 

 Ensuring that onsite personnel who may use hazardous chemicals have access to and review 

pertinent MSDSs prior to using or dispensing such chemicals 

 Ensuring compliance with container labeling requirements 

 Identify new chemicals brought onsite that may present new hazards requiring additional training 

then add information to chemical inventory and MSDS files 
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 Providing input to the FOL regarding the need to modify this APP  

 

Compliance with the requirements stipulated in this APP/SSHP is monitored by the SSO and coordinated 

through the Tetra Tech PHSO and the HSM.   

 

In some cases one person may be designated responsibilities for more than one position.  This action will 

be performed only as credentials, experience, and availability permits. The SSO must be notified of any 

on-site emergencies and is responsible for ensuring that the appropriate emergency procedures 

described in this section are followed.  The SSO is also responsible for informing the Navy Remedial 

Project Manager (RPM) of major incidents and associated corrective actions. 

 

Mr. Conti’s qualifications are presented in Section 4.4. 

 

4.2.6 Site Personnel - Various 

In addition to the line and staff management functions, each individual performing work under this 

contract has the responsibility for their own personal health and safety, as well as assisting in assuring 

the health and safety of their co-workers.  This element is also the first one listed in our corporate Health 

and Safety Policy Statement, which requires that "each employee recognize a personal responsibility for 

their own health and safety and for actions that affect the health and safety of fellow employees."  This 

employee responsibility includes observing specified health and safety requirements and communicating 

with the designated SSO on matters such as the effectiveness of specified control measures, 

identification of new potential hazards, and other related issues. Site Personnel are responsible to: 

 

 Reporting any unsafe or potentially hazardous conditions to the SSO.  

 Reporting injuries, illnesses, spills, fires, and property damage to the SSO.   

 Maintaining knowledge of the information, instructions, and emergency actions contained in this 

APP/SSHP. 

 Complying with rules, regulations, and procedures set forth in this APP/SSHP and any revisions that 

are instituted.  

 Initiating the Incident Report when involved in an incident/accident if able to do so.  

 Inspecting tools and equipment, including PPE, upon arrival onsite, then daily prior to use.  

 Conducting daily operations check of electronic equipment and annotate in the team logbook.  

 Assisting the SSO with implementation and compliance with the APP/SSHP. 
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4.2.7 Subcontractors and Suppliers 

Tetra Tech directs the subcontractor’s supervisor regarding the work and the manner in which tasks are 

to be performed. Subcontractors are responsible for assigning specific tasks to their employees; ensuring 

that their employees are properly trained and are in compliance with applicable regulations; and allocating 

sufficient time, materials, and equipment to safely complete activities in accordance with this APP and 

their individual Environmental Health and Safety plans. Subcontractors will attend the Tetra Tech daily 

health and safety meeting prior to starting field work.  

 

 Drillers will perform monitoring well installation, assist in development activities. 

 Registered Land Surveyors will survey and mark sector boundaries as well as providing horizontal 

location and vertical elevations for monitoring wells.  

 IDW contractor will remove drums of soil, groundwater, and PPE generated during field activities, 

once characterized. 

 Individuals employed by subcontractors/vendors will attend: 

- Site-specific training and briefings regarding the hazards present on the work site. 

- Required safety activities 

- Individual roles and responsibilities for safety practices 

 While on site subcontractors/vendors will be under the direct supervision of the FOL/SSO. 

  

4.3 STOP WORK AUTHORIZATION 

ALL employees are empowered, authorized, and responsible to STOP WORK at any time when an 

imminent and uncontrolled safety or health hazard is perceived.  In a Stop Work event (immediately after 

the involved task has been shut down and the work area has been secured in a safe manner) the 

employee shall contact the PM and the Corporate Health and Safety Manager.  Through observations 

and communication, all parties involved shall then develop, communicate, and implement corrective 

actions necessary and appropriate to modify the task and to resume work. 

 

Health and safety-related information will be communicated to employees through meetings, postings, 

written communications, and reporting of hazards. 

 

4.4 COMPETENT AND QUALIFIED PERSON(S) 

Mr. Conti is the Competent Person on this project.  He has 40 years of geological and hydrogeological 

experience, primarily involved in the assessment and interpretation of geologic and hydrogeologic 

conditions at uncontrolled hazardous waste sites including the U.S. Environmental Protection Agency 

(EPA), Department of Defense (DoD), Resource Conservation and Recovery Act (RCRA) and industrial 



  Revision 2 
NS Great Lakes  July 2013 

 

Accident Prevention Plan/  4-7 CTO F27A 
Site-Specific Health and Safety Plan 

projects. He has conducted more than 100 field investigations in 23 states, encompassing a variety of 

environmental conditions and geological regimes. He has environmental experience with regulation 

agencies in EPA Regions I, II, III, IV, V, VI, VII, VIII, IX and X.  He has experience in preparing 

hydrogeologic sections of RCRA Part B Subpart X permits.  He has supervised the removal of 

underground storage tanks and has been involved in property assessment investigations. Mr. Conti 

attends and conducts pre bid meetings and conferences, writes reports, work plans, drilling specifications, 

and sampling and analysis plans. He has evaluated and recommended drilling subcontractor’s bids and 

proposals. He is responsible for training and directing junior members of the Geology staff.  Other field 

duties include health and safety training, surveying, and assisting with geophysical surveys, soil and 

groundwater sampling, including natural attenuation parameters.  He has had limited experience using 

global positioning system (GPS) instruments and has performed field QA audits. 

 

Mr. Conti, as a senior level, licensed geologist, has overseen hydrogeologic studies for more than 60 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and RCRA 

investigations for the EPA, Department of Navy, Air Force, and industry.  He has performed over 300 slug 

tests and/or pumping tests.  He has supervised several long term pumping tests utilizing pressure 

sensitive transducers and data loggers to record water level data.  He has evaluated data and provided 

information for groundwater modeling.  He utilizes computer software to transfer field generated data and 

subsequently imports this data into a spreadsheet for generating plots, which then can be used for 

pumping test evaluation and groundwater modeling. He has assisted in the design, setup, and operation 

of onsite carbon canister filtration systems used to filter out contaminants from pumped groundwater 

during pumping tests.  He was responsible for the initial hook up of the carbon filtration system, system 

operation, and the subsequent disassembly. These systems have been used on approximately 14 

pumping tests, which have proved to be a substantial cost savings to the clients, since the pumped water 

can be disposed of onsite, without further treatment. 

 

Mr. Conti has supervised and directed the drilling and installation of more than 600 monitoring wells, 

utilizing a variety of drilling methods, which include mud rotary, HSA, air rotary, air hammer, cable tool, 

roto-sonic and reverse circulation. Field duties include conducting site inspections and subsurface 

investigations, selecting field equipment, coordinating drilling and test pit operations.  He has supervised 

the sampling of soils and groundwater utilizing in line filters for groundwater samples.  He is familiar with 

real time monitoring instruments, decontamination procedures, documentation, packaging and shipping 

procedures. He has conducted and supervised the drilling of Level "B" activities, which included the 

drilling of monitoring wells through landfill materials. He is experienced with NX core drilling and packer 

testing.  He has supervised the taking of depth specific samples and using gas chromatograph results to 

provide quick turnaround samples. Other experience includes geotechnical inspection and construction 

supervision of the largest eastern U.S. impoundment dam for the containment of fly ash. He supervised 
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subsurface grouting work for six deep mine stabilization projects in Pennsylvania and West Virginia. He 

supervised the installation of over 1,000 soil and rock anchors at numerous construction projects.   

 

His OSHA 29 CFR 1910.120 HAZWOPER training includes: 

 Initial 40-hour Training; September, 1983 

 8-Hour Supervisory Training, March, 1988 

 8-Hour Refresher Training, September, 2011 

 30-Hour OSHA Construction Safety Training, 2013 

 

4.5 REQUIREMENT OF DESIGNATED COMPETENT PERSON ON SITE 

A “Competent Person” is an individual who is capable of identifying existing and predictable hazards or 

working conditions that are hazardous, unsanitary, or dangerous to employees, and who has 

authorization to take prompt corrective measures to eliminate or control these hazards and conditions.  

Within a number of OSHA standards there are requirements for the “Competent Person” to lead and 

direct these activities. These standards are those including construction standards and those requiring a 

specialty skill set. Within the environmental investigation and remediation, these skill sets are generally 

completed by the FOL and/or the SSO unless a specific OSHA standard otherwise specifies that the 

activities be conducted by a Competent Person such as excavation safety, scaffolding, and fall protection 

to name a few.  By way of experience and prerequisites the FOL and the SSO shall meet this definition in 

order to perform their roles as defined in this APP/SSHP.  

 

The SSO has many years of field supervision in excavation, soil sampling, and safety and meets the 

requirements as defined in the definitions of EM 385-1-1 and 29 CFR 1910.120 for knowledge of and 

experience in environmental sampling and associated activities as defined in Section 2.6. 

 

The SSO will conduct daily pre-shift tailgate safety meetings discussing the planned site activities, the 

hazards associated with each task, and the training required of personnel involved in these tasks. The 

related personal protective equipment or related work equipment will be inspected by the 

competent/qualified person before any work is started.  No excavation, heavy equipment operation, or soil 

sampling activities will be conducted unless the SSO or task applicable Competent Person is present.   

 

Work at Site 12 Harbor Dredge Spoil Area, Great Lakes, Illinois will only be performed when the 

designated competent person is physically on the job site. 
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4.6  REQUIREMENTS OF PRE-TASK SAFETY AND HEALTH ANALYSIS 

Tetra Tech requires that an Activity Hazard Analysis (AHA) be prepared for each job task to be performed 

at this site to identify hazards before they occur and provide mitigation measures.  The AHAs focus on the 

relationship between the worker, the task, the tools, and the work environment.  The AHAs are reviewed 

during site-specific training and may also be reviewed again at the tailgate safety meeting at the 

beginning of each task.  These sessions inform each person of the potential hazards for each task and 

provide steps to take to eliminate or reduce hazards to an acceptable risk level.  The AHAs are presented 

in Section 17.0. 

 

Personnel will be encouraged to report to the SSO any conditions or practices that they consider 

detrimental to their health or safety, or those they believe violate applicable health and safety standards.  

Such reports may be made orally or in writing.  Personnel who believe that an imminent danger threatens 

human health or the environment are encouraged to bring the matter to the immediate attention of the 

SSO for resolution.  Job site activities presenting danger to life or limb should be stopped immediately 

and reported to the SSO for resolution.  Near miss incidents are to be reported to the SSO who will record 

the information in the site logbook and in the Tetra Tech TOTAL System. 

 

At least one copy of this APP/SSHP will be available to site personnel.  Each contractor representative 

will insure a copy of the APP/SSHP is available to all personnel at all times to ensure quick and easy 

access.  In addition to a review of the AHAs, minor changes and any other relevant topics will be 

discussed by the SSO at the daily tailgate safety meeting.  However, significant revisions must be 

discussed with the HSM and PM and approved prior to implementation. 

 

It is the goal of Tetra Tech to continue its excellent safety performance on NAVFAC contracts to support 

the Navy in their safety efforts.  Specifically, Tetra Tech will perform the work in a manner that is 

consistent with the Zero Incident Philosophy.  In accordance with this philosophy, it is our stated goal to 

plan and perform the work in a manner that integrates safety and health considerations so that it is 

accomplished without experiencing any worker injuries or illnesses, environmental releases/impacts, or 

property damage events. 

 

4.7 LINES OF AUTHORITY 

Personnel who will be working on this project (Tetra Tech and subcontractors) are covered by this 

APP/SSHP.  These documents shall be rigorously enforced during this field effort.  Violators of the 

APP/SSHP will be: 
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 Verbally notified upon first violation, and the violation will be noted by the Tetra Tech SSO in a field 

logbook.   

 

 Upon second violation, the violator will be notified in writing, and the Tetra Tech PM and the violator’s 

supervisor will be notified.   

 

 For Tetra Tech employees, a third violation will result in a written notification and the violator’s 

eviction from the site.  The written notification will be sent to the human resources department and the 

HSM.   

 

 For subcontractor personnel, a third violation will result in eviction from the site; prevention from 

working on Tetra Tech projects; and a complete subcontractor evaluation to determine continued use 

of this subcontractor. 

 

Any violations that are deemed to be serious, intentional, or otherwise egregious will be subject to 

immediate corrective action, up to and including removal from the site, and will not require adherence to 

this progressive, three-step disciplinary process. 

 

In the Tetra Tech Health and Safety Program Summary, it is stated by the company Chief Executive 

Officer Mr. Daniel L. Batrack, “Management is responsible for ensuring that all aspects of the workplace, 

including offices and project locations, are safe and that any risks, hazards, and safety violations are 

brought to their attention, investigated, and corrected promptly.  Tetra Tech's associates are responsible 

for complying with the H&S policy, programs and standards, and conducting their work safely and without 

detriment to themselves, other employees, other individuals or property.  Compliance with this policy is 

mandatory.  Willful violation or negligent disregard of this policy will be considered cause for disciplinary 

action up to and including termination.” 

 

4.7.1 Policies and Procedures Regarding Noncompliance 

An employee’s failure to adhere to the requirements of this Accident Prevention Plan/Site Specific Health 

and Safety Plan, the Project Specific Work and Safety Plans, or to observe specified safety requirements 

and restrictions or to properly use identified protective equipment may lead to injury or illness will result in: 

 

 Annotation to personal employment records.  

 Reduced pay raise and/or bonuses, and  

 Reprimand leading up to and including dismissal.   
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4.7.2 Manager and Supervisor Accountability 

The purpose of the Tetra Tech Corporate Health and Safety Program is to define the health and safety 

standards required on a corporate wide basis.  The Corporate Health and Safety Program applies to all 

Tetra Tech employees and sets forth minimum requirements for subcontractors working under contract to 

Tetra Tech.  The responsibilities, organizational structure, recordkeeping requirements, and evaluation of 

Tetra Tech’s corporate Health and Safety Program are outlined in detail in the Program Administration 

and Organizational Structure document: 

 

 Senior Vice President of Administration has overall responsibility for the Tetra Tech corporate Health 

and Safety Program. 

 

 Corporate Health and Safety Director 

 

 Operational Unit Health and Safety Managers individuals assigned to health and safety administration 

within each Tetra Tech operating unit 

 

 Operations Managers individuals who manage an office(s) within an operating unit of Tetra Tech 

 

 Office Health and Safety Representative who is assigned to health and safety program-related 

functions within an office or long-term project location 

 

 Project Managers who are responsible for managing a particular project or job. 

 

 Site Safety Coordinators who provide health and safety oversight for a particular project site. 

 

 Field personnel who are required to participate in appropriate health and safety programs and 

maintain their field-ready status. 

 

 Each and every employee of Tetra Tech is responsible for upholding the standards established by the 

company. 

 

An organization chart depicting the lines of authority is included as Figure 4-1. 
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5.0 TRAINING 

Personnel who may be exposed to hazardous conditions and who will participate in site activities are 

required to meet the training requirements outlined in 29 CFR §1910.120, HAZWOPER (e).  Furthermore, 

site personnel must satisfy any specialized training requirements that are presented in the AHAs for tasks 

to be completed under this CTO.   

 

5.1 NEW HIRE HEALTH AND SAFETY ORIENTATION 

Tetra Tech requires all new employees to attend orientation training which includes a review and sign off 

on the Employee Handbook. This employee handbook is a general guide to various personnel policies 

including the Health and Safety Program and employee benefits of Tetra Tech. Each new hire is required 

to view a video that explains basic safety policies at Tetra Tech.  Prior to working in the field on their own 

they are required to spend a minimum of three days actual field experience under the direct supervision 

of a trained experienced supervisor. New hires even seasoned veteran new hires will be considered Short 

Service Employees (SSE) until such time they have long at least six (6) months of field service and are 

nominated that they can operate on their own as they have demonstrated knowledge of the Tetra Tech 

Health and safety Program. While each operating unit may handle it differently, it is recommended that a 

different color hard hat (orange) and/or Work shirt be used to allow SSEs to be identified. 

 

5.2  MANDATORY TRAINING AND CERTIFICATIONS 

Tetra Tech personnel qualification and training certification documentation will be obtained by the PM and 

included in Attachment I and maintained on-site.  Mandatory training and certifications applicable to this 

project include the following: 

 

 Forty (40) hours of introductory hazardous waste site training (General Site Worker) prior to 

performing work at NS Great Lakes.  

 

 Eight (8) hours of refresher training within the past 12 months before being cleared for site work.  

(Field personnel who have had introductory training more than 12 months prior to site work must 

complete this training again). 

 

 Eight (8) hour supervisory training in accordance with 29 CFR 1910.120(e)(4) will be required for site 

personnel operating in a supervisory capacity. 
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Documentation of Tetra Tech introductory, supervisory, and refresher training as well as site-specific 

training, will be maintained at the site.  Copies of certificates or other official documentation will be used 

to fulfill this requirement.  

 

5.3  SITE-SPECIFIC SAFETY AND HEALTH TRAINING 

The Tetra Tech SSO will provide site-specific training to Tetra Tech and subcontractor employees who 

will perform work on this project.  In addition, a brief meeting will be held at the beginning of each day to 

discuss operations planned for that day and to review the appropriate AHAs with the planned task 

participants.  Based on field activities, a short meeting may also be held at the end of the day to discuss 

the operations completed and any problems encountered.  

 

The following topics will be addressed during the pre-work briefing:  

 

 Names of the personnel listed in the organizational chart and designated alternates  

 Site history 

 Work tasks 

 Hazardous chemicals that may be encountered 

 Physical hazards that may be encountered  

 PPE, including types of respiratory and hearing protection to be used for work tasks  

 Mandatory training and certification requirements (e.g., HAZWOPER, first aid, etc.)   

 Environmental surveillance (air monitoring) equipment use and maintenance  

 Action levels and situations requiring an upgrade or downgrade of level of protection 

 Site control measures including site communications and control zones  

 Decontamination procedures 

 Emergency communication signals and codes, including incident reporting procedures 

 Environmental accident/emergency procedures 

 Personnel exposure and accident emergency procedures  

 Fire and explosion emergency procedures 

 Emergency telephone numbers  

 Emergency routes to the closest medical provider 

 Activity Hazard Analyses (AHAs) 

 Stop Work Procedures 

 

Any other health and safety-related issues that may arise before site activities begin will be covered 

during the pre-work briefing. 
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5.4 HAZARD COMMUNICATION TRAINING 

In accordance with the OSHA Hazard Communication Standard (29 CFR 1920.1200 and 29 CFR 

1926.59), copies of material safety data sheets (MSDSs) for hazardous chemical materials that are used 

during site operations or that may be present on site: 

  

 Will be available to the SSO.  

 The SSO will conduct hazard communication (HAZCOM) training in accordance with 29 CFR 

1920.1200 and 29 CFR 1926.59,  

 Engineer Manual (EM) 385-1-1 (current version), and the HAZCOM program. Training will include, 

but is not be limited to, the hazards or potential hazards associated with work activities, and any 

hazardous chemical materials brought to on the site. 

 

5.5  FIRST AID AND CARDIO PULMONARY RESUSCITATION TRAINING 

The SSO will identify those individuals who have current first aid and CPR training. At a minimum two 

people including the SSO will be current in CPR/first aid. The names of all CPR/first aid-qualified workers 

will be added to this APP when the project starts.  For this project the CPR/first aid trained personnel are: 

 

Name:    Company: 

Stan Conti    Tetra Tech, Inc.    

TBD     Tetra Tech, Inc.    

TBD    Drilling Subcontractor   

TBD    Surveying Subcontractor  

 

5.6  BLOODBORNE PATHOGENS TRAINING 

Individuals on site who have first aid and CPR certification and who will provide emergency medical 

treatment shall have completed training in accordance with the Tetra Tech or company specific 

Bloodborne Pathogens Program and OSHA Bloodborne Pathogen Standard, 29 CFR 1910.1030. The 

Hepatitis B Vaccine Declination (mandatory) (in the event of accidental needle stick or other exposure to 

blood during first aid, etc.) will be one of the topics covered in the site orientation training in accordance 

with 29 CFR 1910.1030. 

 

5.7  TRAINING DOCUMENTATION 

Attachment I (Site Specific Training Documentation) documents the provision and content of the project-

specific and associated training.  Site personnel will be required to sign this form prior to commencement 
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of site activities.  This training documentation identifies personnel who, through record review and 

attendance of the site-specific training, are cleared for participation in site activities.  This document shall 

be maintained at the site to identify and maintain an active list of trained and cleared site personnel. 

  

5.8 PERIODIC SAFETY AND HEALTH TRAINING 

Tetra Tech supervisors and employees are required to maintain their training and certifications and 

participation in the medical surveillance program required for field work. This is accomplished throughout 

the year by attending classroom sessions, taking on-line instruction, participating in webinars, attending 

professional conferences and obtaining annual or bi-annual physical examinations.  In addition to other 

corporate training Tetra Tech requires all employees to review and sign off on the Employee Handbook 

bi-annually which contains the Corporate Health and Safety Program.   

 

5.9 EMERGENCY RESPONSE TRAINING 

In the event of an emergency, which cannot be mitigated using on-site resources, personnel will evacuate 

to a safe place of refuge and the FOL/SSO will contact 9-1-1 to report the emergency.  The emergency 

response agencies listed in this plan are capable of providing the most effective response, and as such, 

are designated as the primary responders.  These agencies are located within a reasonable distance 

from the area of site operations, which ensures adequate emergency response time.  NS Great Lakes 

Emergency Dispatch will be notified anytime emergency response agencies are required.   

 

Site personnel will be trained on the provisions outlined in Section 8.1 Emergency Response and 

Contingency Procedures of this APP/SSHP. 

 

5.10 MEDICAL SURVEILLANCE REQUIREMENTS FOR TETRA TECH AND 

SUBCONTRACTOR PERSONNEL 

Tetra Tech and subcontractor personnel participating in project field activities will be required to have 

been medically cleared for duty in accordance with the minimum requirements of paragraph (f) of OSHA 

29 CFR 1910.120.  The physical examinations will be performed to ensure all personnel are medically 

qualified to perform hazardous waste site work using respiratory protection should it be determined to be 

necessary. 

 

Documentation for medical clearances will be maintained at the job site and made available as 

necessary.  Subcontractor personnel may use the "Subcontractor Medical Approval Form" to satisfy this 

requirement or may provide a letter on company letterhead from an officer of the company.  The letter 

should state that the people listed in the letter participate in a medical surveillance program that meets 
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the requirements contained in paragraph (f) of 29 CFR 1910.120, entitled "Hazardous Waste Operations 

and Emergency Response." Documentation attesting to medical clearance will be maintained on site. The 

date of medical clearance for each site worker will also be recorded on the Site-Specific Training 

Documentation Form. 

 

5.10.1 Site-Specific Medical Surveillance Requirements  

In certain situations, site-specific medical surveillance requirements may be implemented to satisfy 

substance-specific regulatory standards or if deemed necessary by an appropriately qualified licensed 

health care professional.  Examples may include additional testing outside of the specified protocol, such 

as obtaining baseline blood-lead levels prior to working on a task where worker exposure to lead is 

anticipated. There are no project specific requirements identified. 

 

Commercial Driver’s License.  For persons who operate Commercial vehicles (have a CDL because 

the vehicle or combination vehicle exceeds 26001 lbs) shall not drive a commercial motor vehicle unless 

he/she is physically qualified to do so and, except as provided in 49 CFR DOT §391.67, must have on 

his/her person the original or a photographic copy of a medical examiner's certificate to show that he/she 

is physically qualified to drive a commercial motor vehicle. This may be the case in the operation of the 

transport vehicle and trailer transporting the drill rig. 

 

5.10.2 Medical Data Sheets 

Each field team member, and visitors entering the exclusion zone, will be requested to complete and 

submit a copy of the Medical Data Sheet (See Figure 10-1).  The completed forms will be provided to the 

SSO prior to participating in site activities.  The purpose of the Medical Data Sheet is to provide site 

personnel, emergency responders, and medical personnel with critical information that may be pertinent 

to administer medical attention should a person become injured or incapacitated. Information pertinent 

may include allergies (medication, insect stings, etc.) and pertinent existing medical conditions you would 

want the attending medical professionals to know in the event you were incapacitated. 

 

5.10.2.1 Medical Data Sheet Exception - Health Insurance Portability and Accountability Act 

 (HIPAA) Requirements – The Privacy Rule 

The Privacy Rule, also known as HIPAA, took effect in 1996 and was amended in April 2003. It 

establishes regulations for the use and disclosure of Protected Health Information (PHI) by the entity 

collecting that information. PHI is any information about health status (such as may be reported on a 

Medical Data Sheet), provision of health care, or payment for health care. This rule also requires that the 

information collection entity (in this case, Tetra Tech) ensure the protection and confidentiality of any such 
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information. This provision severely limits the ability of the Medical Data Sheet to convey information that 

an employee may want a medical professional to know in the event of an emergency (when the employee 

may be incapacitated and unable to provide it directly).  This rule also limits the SSO’s ability to ensure 

that provisions are in place to provide a timely response to situations such as allergic reactions.  

 

In light of HIPAA requirements, personnel completing Medical Data Sheets should consider the following: 

 

 Medical Data Sheets will not be maintained in a secure location. They will be kept in a file box or 

binder accessible to all members of the field crew or will be required to be kept on your person.   

 

 Site personnel are encouraged to carry a copy on their person, to make these documents easily 

and quickly accessible so they can accompany an injured party to the hospital. 

 

 Employees will be encouraged to EXCLUDE any information that they do not wish others to know 

and that may not be pertinent in their treatment. 

 

 If an employee is concerned about any of these provisions, the employee will be advised that 

he/she may opt out of completing a Medical Data Sheet.  In such an event, the employee would 

be encouraged to verbally convey to the SSHO any information about allergic reactions or drug 

allergies that could be critical in an emergency treatment situation. 

 

5.10.3 Tetra Tech/Subcontractor/Visitor Exceptions 

Tetra Tech/subcontractor/visitor personnel exceptions to any of the training or medical surveillance 

requirements specified in this section can only be granted by the HSM or his designee. These exceptions 

may be granted to subcontractor personnel delivering supplies to the job site or those not entering active 

operational zones or where exposure to potential contaminants or physical hazards would not be 

expected. 
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6.0  SAFETY AND HEALTH INSPECTIONS 

It is Tetra Tech’s internal policy that the job sites involving work for NAVFAC are subject to audits by 

corporate safety staff.   

 

6.1  SPECIFIC ASSIGNMENT OF RESPONSIBILITY FOR A MINIMUM DAILY JOB SITE 
SAFETY AND HEALTH INSPECTION DURING PERIODS OF WORK ACTIVITY 

The Tetra Tech SSO will conduct safety and health inspections during this field effort to ensure safe work 

areas and compliance with the APP/SSHP.   

 

6.1.1 Proof of Inspector’s Training/Qualifications 

The SSO is certified as a HAZWOPER Supervisor under 29 CFR 1910.120(e)(4) as well as has 

conducted a number or audits of this nature based on years of service. 

 

6.1.2 Inspection Frequency 

Inspections will be conducted at the following frequencies: 

 

 Initial site inspection upon receipt of equipment and personnel to insure provisions (training, medical 

surveillance, equipment inspections, etc.) are in place to permit the commencement of work. 

 

 Area inspections will be conducted prior to the commitment of equipment and personnel to insure 

physical hazards that would threaten site personnel are identified, eliminated, and/or barricaded. 

 

 Daily site safety operational inspections shall be conducted by the SSO. This will consist of insuring: 

 

- Operations are being conducted as indicated in planning documents. 

- Protective/control measures are in place and are adequately addressing the hazards identified as 

well as those that are considered site specific. 

 

6.1.3 Documentation Procedures 

The SSO will record any deficiencies in the Field Log Book that is maintained onsite for the site practices. 
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6.1.4 Deficiency Tracking System and Follow-up Procedures 

The items noted during field audits will be communicated to the Tetra Tech HSM who maintains a 

corrective/preventive action database.  Responsibility for resolving each item noted during these audits is 

assigned and tracked through resolution.   

 

Results from field audits are also regularly communicated throughout Tetra Tech through training and 

electronic means as a method of continuous program improvement. The FOL and SSO will follow up on 

deficiencies to ensure that they are resolved.   

 

6.1.5 External Inspections/Certifications 

The Tetra Tech HSM or a designated representative may conduct an unannounced inspection during this 

project. 
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7.0  INCIDENT/ACCIDENT REPORTING 

When an incident/accident occurs, the following must occur: 

 

 Ensure scene safety, secured all equipment and personnel. Where necessary notify 911. See 

Section 8.0 Emergency Action Plan for additional information. 

 Care for injured/provide incident response measures to stem property and/or environmental damage, 

as well as, provide scene security until such time emergency services arrive. 

 FOL or SSO will verbally notify the PM.  If the incident is an injury requiring more than first aid or 

property damages exceeding $2,000 the PM will immediately notify the Navy RPM.  This notification 

must occur within four (4) hours of the event. 

 

7.1 EXPOSURE DATA 

If required by the Navy RPM, the FOL or SSO will calculate exposure data on a monthly basis. Man-hours 

worked are obtained from hours charged to a project for payroll purposes. Tetra Tech also collects the 

number of man-hours worked by subcontractors on project sites by reviewing daily production reports and 

recording the hours on those reports. 

 

7.2 ACCIDENT INVESTIGATIONS, REPORTS, AND LOGS 

Tetra Tech employees have been educated that prompt and accurate reporting of any incidents they 

encounter is one of their personal health and safety responsibilities.  On this project, the FOL and the 

SSO are responsible for assuring that the incidents and serious near miss events are reported. 

 

The HSM is responsible for assuring that the incidents and serious near-miss events are adequately 

investigated.  The HSM is also responsible for collecting, tracking, and trending incident data (e.g., 

recordable cases, employee hours worked, etc.).  Accidents involving near misses, injuries, or illnesses 

must be immediately reported to the PM and the HSM, and documented on the Tetra Tech Incident 

Report form provided at the end of section 18.0, see Figure 7-1.   

 

Hazardous work conditions or unsafe work practices will be corrected in a timely manner, both in the field 

and in the office.  Upon discovery of an unsafe condition at a field site, the degree of hazard must be 

assessed.  Action may range from complete shutdown of the operation to phased correction.   

 

The Tetra Tech employees working on this project have "Stop Work" authority in the event that a 

potentially serious action or condition is observed.  Tetra Tech will shut down a project during which life 
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threatening, severe environmental impact, or significant equipment or property damage conditions may 

exist.  Employees shall follow specific information for emergency evacuation and PPE usage as 

described in this APP/SSHP.   

 

7.3 IMMEDIATE NOTIFICATION OF MAJOR INCIDENTS 

Any occupational incidents meeting the definitions presented below that occur on this project will be 

immediately reported to the PM/HSM and onsite Navy POC. The PM and Navy POC shall notify the Navy 

RPM. Incidents that must be reported to the POC include those that result in any of the following: 

 

 Fatalities or Hospitalization of 3 or more people resulting from a single occurrence – PM, Navy RPM 

as soon as possible. A report must be made to OSHA within 8 hours of the event.  

 Permanent total or partial disability 

 Property or environmental damage of $2,000 or more 

 When reporting make sure you have the following information ready and available: 

- The establishment name; 

- The location of the incident; 

- The time of the incident; 

- The number of fatalities or hospitalized employees; 

- The names of any injured employees; 

- Your contact person and his or her phone number; and 

- A brief description of the incident. 

 

With consultation with the PHSO, the PM will coordinate with the Program Manager in making any such 

notifications to the POC. 

 

7.4  INCIDENT REPORTING PROCEDURES 

Following the prescribed incident reporting procedure is necessary for documenting the information 

obtained at the time of the incident. Accidents or incidents, as well as, near-miss events, are to be 

reported within 24 hours by either completing the written event report form or using the Tetra Tech web-

based incident reporting process. Within five working days, a complete investigation report must be 

submitted to the Navy RPM. All incidents occurring on site must be reported to the Navy RPM (Ms. 

Terese Van Donsel) within 4 hours of the occurrence. The Navy Site Contact will initiate the process for 

Tetra Tech to report in the Contractor Incident Reporting System (CIRS) per direction from NAVFAC. If 

there is an incident, the Navy will open a link to the system will send the Tetra Tech FOL a password. 

Tetra Tech will have a certain timeframe to complete the investigation and report back the results. 
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Reporting should include incidents and near misses. The Tetra Tech FOL will coordinate with POC to 

identify the procedure to implement this process prior to the commencement of site activities. 

 

7.4.1 TOTAL Incident Reporting System 

TOTAL is Tetra Tech’s online incident reporting system.  Site employees can use TOTAL to directly report 

health and safety incidents, notify key personnel, and initiate the process for properly investigating and 

addressing the causes of incidents, including near-miss events.   

 

An incident is considered any unplanned event.  It may include several types of near misses, events 

where no loss was incurred, or incidents that resulted in injuries or illness, property or equipment 

damage, chemical spills, fires, or damage to motor vehicles.  Some examples of incidents are as follows: 

 

 Work-related injury or illness 

 Suspected hazardous substance exposure over the allowable exposure limit 

 Automobile or vehicle-related incidents 

 Significant property or equipment damage 

 An unplanned fire or explosion 

 An unplanned spill or release (including air releases) to the environment 

 A permissible exposure limit or equivalent exceedance 

 Unexpected contact with damage to aboveground or below ground utilities 

 

A near miss incident is described as an undesired event or workplace condition, which under slightly 

different circumstances had a reasonable probability of resulting in one of the outcomes described above. 

Some examples of near miss incidents are as follows: 

 

 Tools falling from overhead work near workers below 

 Unexpected contact without damage to aboveground or below ground utilities 

 Discovery of an unknown and potentially hazardous material or anomaly 

 

Incidents, including near-miss incidents, involving Tetra Tech personnel or Tetra Tech subcontractors 

under Tetra Tech’s immediate direction shall be reported and investigated. 

 

TOTAL is an intuitive system that guides users through the necessary steps to report an incident within 

24 hours of its occurrence.  TOTAL is a tool for Tetra Tech to better track incidents, analyze root causes, 

implement corrective action plans, and share lessons learned.  TOTAL is maintained on the secure Tetra 

Tech Intranet site at https://my.tetratech.com/. 
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7.4.2 How to Access TOTAL to Report an Incident 

Once on the “My Tetratech” web site, TOTAL can be found under the “Health and Safety” tab, by clicking 

on “Incident Reporting.”  Select “Report an Incident (TOTAL)” then, near the bottom of the screen, click 

on “Launch TOTAL Application.”  This connects the user directly to TOTAL. Next, click on “Enter new 

incident”, and follow the steps as presented.  The system was designed to be “fail safe” in that the user 

will not be able to skip any required information.  TOTAL can also be accessed directly from the internet 

using the following web address:  http://totalhs.tetratech.com/.  

 

Note: When accessing the system from outside the Tetra Tech intranet system or when operating in a 

wireless mode, a VPN connection will be required.  The speed of the application may be dependent upon 

outside factors such as connection speed, signal strength, etc.  Enter the system using your network user 

name and password.  The user name should be in the following format - TT\firstname.lastname.  

 

If any Tetra Tech personnel are injured or develop an illness as a result of working onsite, and they are at 

a remote location where they cannot establish reliable internet connection with TOTAL to report an 

incident, then the employee will complete a hard-copy Tetra Tech “Incident Report Form.” 

 

Tetra Tech’s Incident Reporting and Investigation Program requires that employees report all incidents as 

soon as possible, but within 24 hours.  An initial report must be completed on TOTAL within that time 

frame. 

 

Figure 7-1, provided at the end of Section 18 is a print out of the screens found online in the TOTAL 

system.  It can be used as a reference during the incident information gathering phase and prior to 

completing the form on line. 
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8.0 EMERGENCY ACTION PLANNING 

Hazard assessments, control measure identification and deployment have been identified for the purpose 

of minimizing the potential for incident/injury; minimize potential for property and/or environmental 

damage.  

 

This section is intended to guide and direct personnel in the event of an occurrence in which the 

emergency action procedures will be put into place. 

 

Tetra Tech and subcontractor personnel will provide incidental support. Simply stated these are activities 

in which Tetra Tech and subcontractor personnel may engage in that are within their level of training and 

resources available onsite. These activities include: 

 

 Initial (e.g., non-structural) fire-fighting support (expulsion of s single portable fire extinguisher) and 

prevention 

 Initial spill control and containment measures and prevention 

 Evacuate personnel from emergency situations 

 Initial medical support for injury/illness requiring only first-aid level support 

 

Those emergencies greater than those identified will be handled by the NS Great Lakes emergency 

response agencies listed in the APP/SSHP. These teams are capable of providing the most effective 

response, and as such, are designated as the primary responders. These agencies are located within a 

reasonable distance from the area of site operations, which ensures adequate emergency response time. 

The Navy RPM and Base Contact will be notified if these response agencies are contacted.  

 

8.1  EMERGENCY RESPONSE AND CONTINGENCY PROCEDURES 

In order to prepare for potential emergencies contingencies measures will be established and 

implemented should the condition or scenario warrant. In the event of an emergency during onsite work, 

the primary response action by onsite personnel will be to implement incident control measures, then 

safely evacuate, assemble at an area unaffected by the incident/emergency, and notify the Navy RPM 

(Ms. Terese Van Donsel ) and Facility POC, Mr. Howard Hickey.  Workers who are ill or who have 

suffered a non-serious injury may be transported by site personnel to nearby medical facilities, provided 

that such transport does not aggravate or further endanger the welfare of the injured/ill person.  

 

Site personnel will record any pertinent information regarding allergies to medications or other special 

conditions will be provided to medical services personnel should it be required (See Medical Data 

Sheets).   
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8.1.1  Pre-Emergency Planning 

Based on the nature of the planned activities, emergencies resulting primarily from physical hazards  are 

most likely to be encountered.  To minimize or eliminate the potential for these emergency situations, pre-

emergency planning activities will include the following (which are the responsibility of the SSO and/or the 

FOL): 

 

 Coordinating with the local Emergency Response personnel prior to the commencement of work to 

ensure that Tetra Tech emergency action activities are compatible with existing emergency response 

procedures.   

 

 The Tetra Tech FOL will contact the local Emergency Response Agencies listed in Table 8-1 and 

establish their ability to respond to incidents at the work site and their response capabilities. 

 

 Establishing and maintaining information at the project staging area (support zone) for easy access in 

the event of an emergency. This shall include: 

 

- Chemical Inventory of hazardous chemicals onsite 

- Corresponding Material Safety Data Sheets. 

- Completed Medical Data Sheets for onsite personnel. 

- A log book identifying personnel onsite each day. 

- Hospital route maps with directions. 

- Emergency Notification - phone numbers. 

 

In the event of an onsite emergency, the Tetra Tech FOL will be responsible for the following tasks: 

 

 Determining that an emergency situation exists, initiating a site evacuation, accounting for onsite 

personnel at the designated assembly area, and determining if/when return to work conditions 

resume. 

 

 With assistance from the SSO, educating site workers to the hazards and control measures 

associated with planned activities at the site, and providing early recognition and prevention. 

 

 With assistance from the SSO, periodically performing practice drills to ensure site workers are 

familiar with incidental response measures. 
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8.2  EMERGENCY RECOGNITION AND SITE EVACUATION 

Through the initial hazard/risk assessment effort, the following are considered potential emergencies that 

could result from travel to or associated with the chemical and/or physical hazards encountered on 

station. These are as follows: 

 

 Striking a utility – Field personnel are not equipped to respond to damaged utilities. This will be 

supported by NS Great Lakes Public Works Department. 

 Severe injury – Those requiring more than simple first aid treatment. 

 Vehicle accidents – Those requiring Police participation; injury, and property damage. 

 On Station emergency 

 

8.2.1 Emergency Recognition 

Potential Emergency: Damaging an underground utility or striking an overhead utility. 

 

Planned Control Measure: Take Five – This references the five steps to be taken to ensure a successful 

excavation and measures taken to prevent utility damage. 

 

FIVE ESSENTIAL STEPS TO AVOID DAMAGING UNDERGROUND UTILITIES 

 

There are five essential steps you must take towards utility locating and excavation clearance. These 

steps may vary slightly from State to State, but generally are as follows: 

 
1) CALL BEFORE YOU DIG – DIAL 811. Regardless of the location it is the law under Federal and 

State statutes requiring you call before you dig to identify subsurface utilities to prevent possible 

damage.  The utility clearance will include contacting the Illinois one call system Joint Utility 

Locating Information for Excavators (JULIE) and NS Great Lakes Public Works personnel. 

 

AS PART OF THIS PROCESS – Prior to submitting your request for utility locating services, it is 

helpful that the boring/monitoring well locations are marked out in white paint. Take time during 

this process to examine the area for surface monuments that may also indicate the presence of 

subsurface utilities. These may include manhole covers, meter boxes, even cuts in the asphalt 

indicating the presence of a subsurface utility. 
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2) WAIT THE REQUIRED TIME: - THESE TIME FRAMES VARY SLIGHTLY BUT PLAN FOR 

TWO TO THREE FULL WORKING DAYS (48 TO 72 HOURS) FOR PROCESSING 

You need to provide at least two to three full working days, prior to starting your work, not 

counting the day of your call, weekends or holidays. This provides time for the utilities members 

to locate and mark their utilities in your proposed dig site/area. As this is a cooperative effort 

including NS Great Lakes Public Works personnel this time frame may be extended. Work with 

Public Works for final approval. 

 

3) CONFIRM UTILITY RESPONSE – CHECK YOUR STAKE OUT SHEET OR YOUR TICKET – 

YOU ARE REQUIRED BY LAW TO CONTACT ALL NON-RESPONDING UTILITIES – YOU 

CANNOT PROCEED UNTIL SUCH TIME YOU HAVE CLOSED THIS LOOP! 

 The One Call Center will notify all member utilities of the pending work so that that they can come 

out and mark the location of their underground lines. Before work on your stated commencement 

date you must confirm that all utilities have responded to you indicating they have marked your 

site or they have no facilities present. If they have not marked out their utilities and they are listed 

on the Stakeout Sheet or ticket, you must call! This is part of the shared responsibility. 

 

 Members versus Non-members – Keep in mind not all utility owners are required to participate 

in the One Call process. As we have touched on members (major utility providers) participate but 

non-members will not be notified. It is up to the contractor to notify identified non-members.  So 

how did these folks get left out? Well it is simple – If your gas meter is on the street, the line 

carrying gas to your house makes you a non-member because the utility owners responsibility 

ends at the service point and the boundary line for private property. Military reservations unless 

they have an agreement with the major utility providers own their own lines and the utility provider 

responsibility ends at the service delivery point. 

 

4) RESPECT THE MARKS Before you begin your work, walk through the site to familiarize yourself 

with the markings and the locations of buried facilities. Tolerance zone information has been 

provided in the following pages. If there are utilities marked within these tolerance zones you 

must hand dig or employ a similar passive method to confirm the utility location before 

proceeding mechanically. Where possible during planning, step outside of the tolerance zone 

 

5) DIG WITH CARE. 

a. It is important contractors take a proactive approach to safety not only for themselves but for 

the public by initiating the One Call Process and adhering to the five steps of a safe 

excavation.  
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b. WAIT, YOU STILL ARE NOT DONE – As previously indicated look for those surface 

monuments indicating utilities below. Do NOT forget about the utilities above! Are these 

within reach of an extended mast, excavator boom, are you a safe distance away (at least 

20-feet). Unmarked/ unidentified/abandoned utilities will always present a unique challenge 

as they are on anyone’s list to mark – Dig with care – If obstructions are encountered do not 

push on – Confirm the obstruction is not a utility! 

 

 

Tolerance Zone  

Locator markers (pin flags, spray paint) placed on the ground show the approximate locations of 

underground facilities. The underground lines can actually be located anywhere within the tolerance 

zone (see illustration). Proceed cautiously when digging within 24 inches on either side of the locator 

markers.  If using any mechanized equipment within the tolerance zone, supervision is necessary. 

 

Tolerance zone for underground facilities with 

a width of 6 inches or less.  This is the 48” area 

including 24 inches on both sides of the 

underground line. DO NOT FORGET 

LATERALS! 

 

Tolerance zone for underground facilities with 

a width of more than 6 inches.  This is the 66” 

area with 24 inches on each side of the 18 inch 

utility. 
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In addition, Tetra Tech Utility Locating and Excavation Clearance Procedures (Attachment II) will be 

employed in tandem with these procedures. Within this SOP direction is provided to the field crew 

concerning passive detection methods to identify subsurface structures. These will include but not limited 

to: 

 

 Non-intrusive survey methods (Ground Penetrating Radar, etc.) 

 Pot-holing can be conducted using hand tools or through more extravagant methods such as an air 

knife/vacuum extraction system to verify the location of the utility prior to excavating/drilling in that 

area. 

 Examine the area and building where utilities enter and exit. 

 Area will be surveyed for above ground monuments 

 The FOL will contact all non-responding utility owners to confirm the absence of utilities in the area. 

This will be recorded in the Project log book. 

 The Stake-Out Sheet or Ticket will remain active and onsite during ongoing activities. 

 

Planned Control Measure – Jobsite Hazard Evaluation Site Surveys - As part of early recognition the 

FOL and/or the SSO will conduct the following activities: 

 

 An initial site walk through will be conducted prior to the commitment of personnel or equipment. The 

purpose of this walk through will be to  

- Examine the site for conditions that may predispose field personnel to potential hazards including:  

 The existence of overhead power sources or process lines near where equipment will 

operate. 

 Surface monuments indicating underground utilities in the area (manhole covers, valve 

boxes, cathodic protection test points, etc.). 

 Areas that may require alterations of traffic patterns or scheduling when the work will be 

conducted. 

 Physical hazards within the work area. 

 Terrain challenges. 

 

 Periodic operations surveys – FOL and/or the SSO will conduct these surveys for the purpose of  

- Ensuring field personnel are following protective measures specified within this APP/SSHP 

(specifically stated in the AHAs). 

- Review the initial hazard assessments to insure they reflect the hazards as it may pertain to site 

specific conditions. 
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- Prepare for Emergencies. This includes staging emergency equipment, adequate site control 

measures, identifying site personnel who will engage incidental response measures and 

reviewing what measures will be taken and when and by who prior to declaring an emergency. 

 

These surveys should be documented within the project logbook. The results of these surveys are not 

intended to be disciplinary in nature however identify areas of need improvement, where applicable. The 

results of these surveys are to be discussed with the field personnel as part of the Tail gate Safety 

meetings.  

 

Potential Emergency:  Severe injury 

Planned Control Measure: It is the intent through the application of this APP/SSHP to control such 

events through: 

 

 Insuring all personnel are adequately trained and are qualified to perform such work. 

 Initial project training supported by ongoing measures as the project continues. 

 Conduct equipment inspections to insure no one gets hurt due to faulty equipment. 

 Site and operations surveys to identify hazards within the work zone and to correct deficiencies noted 

to avoid incidental occurrences or those that could lead to an emergency. 

 Utilization of trained professionals to recognize, respond and control hazardous conditions. 

 

Through the incorporation of these measures significant injuries can be controlled and avoided. If all 

measures fail provisions for addressing this emergency preparation contingency must be considered. 

 

 As the distance to the closest medical assistance is greater than 4 minutes (life threatening; 15 

minutes non-life threatening) at least two First Aid/CPR trained personnel will be onsite to provide 

emergency first aid until such time emergency care can be obtained. 

 

The FOL and/or the SSO will also: 

 

 Determine what is the closest access point for emergency vehicles?  

 As part of the pre-planning have an emergency escape route and emergency assembly point planned 

in advance.  

 Record building numbers and gate access points.  

 

While it has been the practice that Tetra Tech and subcontractor personnel cannot utilize on station 

medical support services it is assumed that if responding agencies retrieved an injured person they would 

be transported there at least for stabilization. 
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Potential Emergency:  Vehicle Accident 

Planned Control Measure: Persons are more likely to be injured in a vehicle accident than a work 

place injury. The following measures will be employed to minimize the potential for a vehicle accident. 

 

 Make sure Tetra Tech drivers are members of the fleet management program and are approved 

drivers. 

 Subcontractor personnel will have suitable license for the type of vehicles to be operated. Such as 

- >26001 lbs single or combination a CDL will be required 

- All persons operating vehicles will have a State License authorizing them to do so. 

 Avoid distracted driving –  

- No cell phone use while driving unless hands free devices are employed.  

- Avoid eating, drinking, playing with the radio, etc. during driving 

- Carry in your Vehicle the Tetra Tech Incident Reporting Form IR-C to record pertinent information 

should you be involved in an accident. 

- Make sure you can use your phone for photos or carry a disposable camera. Record accurate 

notes, locations, witnesses, etc. should this information be needed in the future. This will all be on 

the IR-C Form. 

- If you are tired/fatigued switch driving responsibilities if you are travelling with someone or rest 

before proceeding. 

- Use the 4-second rule when determining the travel distance between you and the vehicle in front 

of you. This is especially pertinent for heavy rigs or combination vehicles 

- Emergency markers and a High Visibility Vest will be kept in the car/truck to warn others 

approaching the accident to proceed with caution and to increase your visibility. If possible move 

all vehicles out of the travel lanes. 

- Do not attempt to argue whose fault, gather the information, be respectful to the authorities and 

other involved. 

- DO NOT admit fault. 

- See AHA for Mobilization/Demobilization activities for additional information. 

 

Potential Emergency:  On Station Emergency 

Planned Control Measure: The FOL/SSO will communicate directly with the Navy RPM, Ms. Terese 

Van Donsel. Ms. Terese Van Donsel will direct Tetra Tech and subcontractor personnel to a designated 

facility Emergency Assembly point or direct them to remain at Site 12 in the event of an On Station 

emergency. If a an assembly point has been assigned, personnel will report to this location taking the 

most direct route possible without impeding efforts to control the emergency. This assembly point will be 

at an area where the responding emergency response agency will report to prior to addressing the 
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emergency. If the facility does not have provisions set in place these will be the distances personnel will 

want to move should an event occur. See Figure 8-1 for the temporary selection. 

 

8.2.2 Evacuation Procedures 

In the event of an emergency requiring evacuation, personnel will immediately stop activities and report to 

the designated safe place of refuge unless doing so would pose additional risks.   When evacuation to the 

primary place of refuge is not possible, personnel will proceed to a designated alternate location and 

remain until further notification from the Tetra Tech FOL. 

 

A Safe place of refuge has been identified in Figure 8-1 and will be conveyed to personnel as part of the 

pre-activities training session. This information will be reiterated during daily safety meetings.  Whenever 

possible, the safe place of refuge will also serve as the telephone communications point for that area or a 

point from which responding emergency crews can be directed.  During an evacuation, personnel will 

remain at the refuge location until directed otherwise by the Tetra Tech FOL or the on-site Incident 

Commander of the Emergency Response Team.  The FOL or the SSO will perform a head count at this 

location to account for and to confirm the location of site personnel.  Emergency response personnel will 

be immediately notified of any unaccounted personnel.  The SSO will document the names of personnel 

onsite (on a daily basis) in the site Health and Safety Logbook.  This information will be utilized to perform 

the head count in the event of an emergency. 

 

Evacuation procedures will be discussed during the pre-activities training session, prior to the initiation of 

project tasks.  Evacuation routes from the site and safe places of refuge are dependent upon the location 

at which work is being performed and the circumstances under which an evacuation is required.  

Additionally, site location and meteorological conditions (i.e., wind speed and direction) may dictate 

evacuation routes.  As a result, assembly points will be selected and communicated to the workers 

relative to the site location where work is being performed.  Evacuation should always take place in an 

upwind direction from the emergency when potential airborne contaminants are involved.   

 

8.2.3 Emergency Alarm Systems 

Tetra Tech personnel will be working in close proximity to each other at NS Great Lakes.  As a result, 

hand signals, two-way radio communications, voice commands, and line of site communication will be 

sufficient to alert site personnel of an emergency.  When project tasks are performed simultaneously on 

different sites, cellular communication will be employed. 

 

The FOL/SSO shall inquire and identify specific alarm systems used on facility for incorporation into this 

plan. 
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8.3  COMMUNICATION 

As personnel will be working in proximity to one another during field activities, a supported means of 

communication between field crew members will not be necessary. External communication will be 

accomplished by using cell phones.  Workers should ensure that their cell phones operate properly, have 

a sufficiently charged battery, and have programmed the emergency and important phone numbers into 

the cell phone prior to beginning work. 

 

8.3.1  Criteria for Alerting Local Community Responders 

In the event of an emergency situation, the FOL and SSO will enact emergency notification procedures to 

secure additional assistance in the following manner: 

 

 Dial 9-1-1 and call other pertinent emergency contacts listed in Table 8-1 and report the incident.   

 Give the emergency operator the: 

- Location of the emergency 

- Type of emergency 

- Number of injured 

- A brief description of the incident. 

 Stay on the phone and follow the instructions given by the operator.   

 The operator will then notify and dispatch the proper emergency response agencies. 

 

8.3.2 Posting of Emergency Telephone Numbers 

The list of emergency telephone numbers will be maintained at the telephone communications points in 

the field office and in each site vehicle. See Table 8-1. 

 

8.4 SPILL PLANS 

8.4.1  Scope and Application 

This spill containment program will apply to the following scenarios: 

 

 Resource Deployment – This includes resource storage areas for fuels (petroleum products) 

 Point of Investigation – This includes areas surrounding the drill rigs, active sampling points/ 

operations. As it is known that many of the components of the DPT/HSA drill rig equipment operates 

based on hydraulic pressure, the potential for release and spill response should be recognized. 
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 IDW Management Area – This is the area in which drums of purge/decontamination waters and soil 

cuttings are stored. 

 

It is not anticipated that quantities of bulk potentially hazardous materials will be handled during some of 

the site activities conducted as part of the scope of work (including IDW).  It is also not anticipated that 

spillage of these materials would constitute a significant danger to human health or the environment.  It is 

however recognize that the potential for accumulation of these materials exists and therefore preparation 

for a spill or a release is necessary. 

 

Further, it is possible that as the job progresses disposable PPE and other non-reusable items will be 

generated.  These items will be washed or flushed of residual materials and disposed of as normal 

refuse. 

 

8.4.2  Potential Spill Areas/Prevention Methods 

To establish an early detection of potential spills or leaks, the following measures will be employed. 

 

Resource Deployment  

Fuels will be dispensed from safety cans to minimize the potential for spills.  Approved safety cans have 

several basic design qualities:  

 

1. They have a spring loaded cap that closes the spout automatically when released. Tension in the 

spring forces the cap closed and provides a leak proof seal. 

2. The spring tension is also designed to lift the cap slightly in the event of excessive internal vapor 

pressure inside the can. This automatically vents off vapors at approximately five pounds per 

square inch (psi) internal pressure, to prevent the can from rupturing or exploding if it is exposed 

to excessive outside heat. Many plastic approved gasoline cans do not have this design 

characteristics and will rupture if overheated. 

3. The spout is also equipped with a flame arrester screen designed to prevent outside fire from 

reaching the gasoline inside the can. This is the same type of screen that is found in marine 

gasoline engine carburetors. With the screen in place, if the can is involved in a fire, the vapors 

will burn around the spout, but will not permit an internal fire or explosion. This screen must not 

be removed or damaged.  

 

Finally, it is extremely dangerous to carry gasoline--even in a safety can--in the trunk of a vehicle. If the 

trunk heats up from the sun, the contents of the can will expand and pressure and in the case of a plastic 

can rupture. In the case of a safety can the spring cap will open. In both cases, this permits vapors to 

accumulate in the trunk, and an explosion may result.  
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Flammable and Combustible Liquids Safety Cans 

OSHA defines a safety can as: 

 

"An approved container, of not more than 5 gallons capacity, having a spring-closing lid and spout cover 

and so designed that it will safely relieve internal pressure when subjected to fire exposure" 

[1910.106(a)(29)]." 

 

Products that meet the requirements are given either a Underwriters Laboratory (UL) product or Factory 

Mutual (FM) approved. Both laboratories are also recognized by OSHA.  

 

In addition, 29 CFR 1910.106 limits the amount of liquid in a single safety can. The following chart shows 

the allowable amounts for each class of liquid. 

MAXIMUM ALLOWABLE SIZE OF CONTAINERS AND METAL PORTABLE TANKS 

Container Type 
Flammable Liquids Combustible Liquids 

Class IA Class IB Class IC Class II Class III 

Glass or approved plastic 1 pint 1 quart 1 gallon 1 gallon 1 gallon 

Metal (other than DOT drums) 1 gallon 5 gallon 5 gallon 5 gallon 5 gallon 

Safety Cans 2 gallon 5 gallon 5 gallon 5 gallon 5 gallon 

Metal Drum (DOT spec.) 60 gallon 60 gallon 60 gallon 60 gallon 60 gallon 

Approved Metal Portable Tanks 660 gallon 660 gallon 660 gallon 660 gallon 660 gallon 

Source: Lab Safety Supply EZ Facts 

This table is provided to illustrate the size of other types of containers. As is indicated above, approved 

plastic containers will have a permitted capacity of only one gallon.  

 

Spill prevention besides the use of the safety cans will be through: 

  

 The use of funnels to guide and direct fuels into the fuel tanks; 

 The use of spill pads to capture incidental spills during fueling; 

 DO NOT over fill the safety can. This makes it more difficult to handle during fueling operations. 
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Compressed Gas Cylinders 

This section discusses Compressed Gas Cylinder safe handling practices for those such as Calibration 

Gases: 

 

 Expired compressed air/ calibration gases will be taken outside and discharged and marked empty. 

These disposable cylinders, once marked empty and disabled may be disposed of as general refuse. 

 

Drill Rig/Excavation Equipment 

Potential releases associated with these types of equipment are based on the rupture and/or release of a 

hydraulic line or storage reservoir. To combat these potential release points the following will be 

conducted: 

 

 Equipment inspection – All leaks will be corrected before work is allowed to commence. All hydraulic 

lines will be examined for damage (structural) and those caused by overheating. Dried or peeling 

friction resistant covers are an indication of overheating. 

 Maintain spill pads at the drill rig to permit rapid response should a line rupture. 

 While it is somewhat cumbersome the placement of plastic sheeting under the drill rig will provide 

protection from the released material reaching the environment. However care must be exercised not 

to extend the plastic beyond the rig creating a slip, trip, and fall hazard. 

 

IDW 

The following measures will be employed to control and/or minimize spills associated with IDW 

management. 

 

 A periodic walk-around by the personnel staging or disposing of drums area will be conducted during 

working hours to visually determine that storage vessels are not leaking.  If a leak is detected, the 

contents will be transferred, using a hand pump, buckets, or similar device, into a new vessel.  The 

leak will be collected and contained using absorbents such as Oil-Dry or sand, which will be 

maintained in vulnerable areas in a conspicuously marked drum.  This used material, too, will be 

containerized for disposal pending analysis.   

 

 The FOL and/or the SSO will identify potential transport routes (drainage swales and ditches) from 

the IDW Storage area. These routes will be blocked or otherwise controlled to minimize migration 

from this release location. This may include the placement of straw bales or silt fence leading from 
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the IDW management area. The area for storage will not be selected along stream or other active 

conveyance routes. 

 

 Drums and transport buckets will not be filled greater than 80%. Mortar tubs will be used as 

secondary containment for buckets at monitoring wells and for transport in vehicles. All containers will 

be covered to minimize spills. 

 

 IDW Storage Areas Inspections will be documented in the project logbook. 

 

Potential spill areas will be monitored in an ongoing attempt to prevent and control further potential 

contamination of the environment.   

 

8.4.3  Personnel Training and Spill Prevention 

Personnel will be instructed in the procedures for incipient spill prevention, containment, and collection of 

hazardous materials in the site-specific training.  The FOL and the SSO will serve as the Spill Response 

Coordinators for this operation, should the need arise. 

 

8.4.4  Spill Prevention and Containment Equipment 

The following represents the types of equipment that may be maintained at the staging area for the 

purpose of supporting this Spill Prevention/Containment Program. 

 

 Sand, clean fill, or other noncombustible absorbent (oil-dry); 

 Drums (55-gallon U.S. Department of Transportation DOT 1A1 or 1A2) 

 Shovels, rakes, and brooms 

 Labels 

 Plastic Mortar tubs 

 

8.5  SPILL CONTROL PLAN 

This section describes the procedures the Tetra Tech field crew members will employ upon the detection 

of a spill or leak. 

 

1. Employ incipient spill prevention/protection devices to control and contain released materials. 

2. Notify the SSO or FOL immediately upon detection of a leak or spill if they are not onsite at the time 

of occurrence.   
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3. Employ the personal protective equipment stored at the staging area.  Take immediate actions to stop 

the leak or spill by plugging or patching the container or raising the leak to the highest point in the 

vessel.  Spread the absorbent material in the area of the spill, covering it completely. 

4. Transfer the effected material to a new vessel; collect and containerize the absorbent material.  Label 

the new container appropriately.  Await analyses for treatment and disposal options. 

5. Re-containerize spills, including 2-inch of top cover (soils) impacted by the spill.  Await test results for 

treatment or disposal options. 

 

Emergency Alerting - Activate emergency alerting procedures for that area to remove non-essential 

personnel, if all measures to control the spill is unsuccessful. 

 

It is not anticipated that a spill will occur that the field crew cannot handle.  Should this occur, notification 

of the appropriate Emergency Response agencies will be carried out by the FOL or SSO in accordance 

with the procedures discussed in this will occur. 
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TABLE 8-1 

EMERGENCY RESPONSE NOTIFICATION AND PHONE LIST 

Contact  Phone Number Reason to contact 

NS Great Lakes  
Fire Department and 
Emergency Medical Services 

911 
Fire Response and Emergency Medical Services 
If EMS transportation is required the ambulance will 
determine the medical center 

Vista Medical Center West 
2615 Washington Street 
Waukegan, Illinois 60085 

(847) 249-3900 
Ambulatory patients with non-serious injuries that can 
be transported to a medical facility by private vehicle 

Certified Occupational 
Physician and Toxicologist , 
Work Care™ 

(800) 455-6155 Injuries or suspected chemical exposures 

Poison Control Center (800) 222-1222 Chemical exposure information 

National Response Center (800) 424-8802 Report chemical spills 

Chemtrec (800) 424-9300 Information on chemicals 

Police, Fire or Paramedics 
Great Lakes Fire and EMS 
Department 

911 
 

Non -Emergency 
(847) 688-2135 

Fire; explosion; evacuation; injuries beyond first aid; 
chemical releases which can affect off-site locations; 
excavated slope failure or damage affecting off-site 
locations; civil disturbance; trespassing; vandalism in 
progress; vehicle accidents 

NAVFAC AND TETRA TECH PERSONNEL 

Name Role Office# Cell# 

Ms. Teresa Van Donsel US Navy RPM (847) 688-2600 x 136 (847) 830-1385 

Mr. Howard Hickey Great Lakes Site Contact 
(847) 688-2600 

x 243 
(847) 815-6719 

Corey Rich PM (412) 921-8984 (412) 952-2159 

Matt Soltis HSM (412) 921-8912 (703) 447-8244 

Tom Dickson PHSO (412) 921-8457 (412) 720-3006 

Verbally Report incidents within one hour to above and in writing within 24 hours to Matt Soltis 

SITE PERSONNEL 

Name Role Office # Cell # 

Stan Conti FOL/SSO (412) 921-8244 (412) 551-2629 
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9.0 DRINKING WATER PROVISIONS, TOILET AND WASHING FACILITIES 

9.1 POTABLE WATER 

Potable water as well as electrolyte balance sports drinks such as Gatorade will be provided to the field 

crews for fluid replacement, as it is necessary under conditions of ambient temperature extremes.  

Storage and dispensing will proceed as follows: 

 

 All containers will be clean and replenished daily. 

 

 All containers will clearly marked as to their contents (Potable Water – Drinking Water Only; 

Gatorade, etc.). 

 

 Dispensing locations will be placed in identified break areas within the support zone.  The most likely 

location will be at a support vehicle staged near the work area.  This will serve as an area for cooling 

or warming as well as an identified food and drink consumption area. 

 

 If larger containers are used, dispensing cups will be provided. 

 

 The coolers used for storage of potable drinks and cups will be stored in plastic bags away from 

potentially contaminating materials when not in use. 

 

9.2 TOILETS 

If conditions at the facility prevent site personnel from utilizing existing toilet facilities, then one toilet will 

be provided for every 20 people.  The toilets will be unisex and will have locking doors.  The toilet 

provided will either be a chemical toilet and service provider or the flush toilet readily accessible at a 

predetermined approved location at the site where work is being conducted. If necessary, the FOL will 

arrange to have toilets moved or delivered and picked up when work is occurring at other sites. 

 

Sanitation 

 

Field toilets will be with hand sanitizer for cleaning hands. These sanitizers will be employed both prior to 

using the facilities, and at the completion to minimize potential transfer of incidental contaminants. 

Where necessary, when existing toilet facilities are used but not equipped with hand sanitizer, Tetra Tech 

will insure these supplies are provided during the period of use. 
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Based on this scope and duration of this project, structured washing facilities and change rooms will not 

be required. 

 

9.3 BREAK AREA 

As needed, based on the location and the time of the year, structured suitable locations for work breaks 

warming and cooling regimens will reflect the ambient conditions. Portable shelters such as canopies can 

be provided for protection from the sun as well as to provide a suitable area to permit cooling in a hot 

environment. This may also be suitable for conducting certain field activities within a static position such 

as monitoring well installation and traffic control.   

 

These decisions will be determined onsite by the FOL/SSO. 
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10.0 FIRST AID AND CPR TRAINING 

Tetra Tech will ensure that a minimum of two people have current certifications in CPR, first aid, and 

bloodborne pathogens. Other than rendering basic CPR and first aid, these employees are not expected 

to perform emergency medical duties. However, they are authorized to perform CPR and general first aid 

procedures should they be required or other duties up to the level of their training. Emergency Medical 

Services assistance will be acquired as needed.  

 

10.1 FIRST AID EQUIPMENT/EYEWASH UNITS 

A first aid kit meeting the requirements of OSHA and EM 385-1-1, Section 03.B.01, will be readily 

available at each work site by having the kit available and ready for use. The location of each first aid kit 

shall be clearly marked, and kits shall be protected from the weather and maintained clean. The kit must 

contain all the items listed in Table 10-1 Requirements for Basic Unit Packages (from Section 3 of the EM 

385-1-1 Manual) and include one pocket mouthpiece or CPR barrier, latex or nitrile style surgeon’s 

gloves. The kit will be inspected on a monthly basis and items shall be replaced as they are used. 

Additionally, a red bag kit will be contained in the first aid kit. 

 

Eyewash Units 

Eye wash units (or bottles of disposable eyewash solution, 1-liter in size) are maintained during sampling 

activities due to the small quantities of corrosive preservatives and well construction activities due to the 

caustic nature of the cement/grout products.   

 

 These units are acceptable due to extremely small quantity of the corrosives.   

 These will be used as adjunct support until access to a fixed unit or the medical provider at the Vista 

Medical Center West.  

 These units will be maintained in a clean location and inspected once/month to insure expiration has 

not occurred. 

 These units will be readily available during the aforementioned activities. 
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TABLE 10-1 
REQUIREMENTS FOR BASIC FIRST AID UNIT PACKAGES 

 
 

Unit first aid item 
Minimum Size or 
Volume (metric) 

Minimum Size 
or Volume (US) 

Item 
quantity 
per unit 
package 

Unit 
package 

size 

*Absorbent Compress  206 cm2 32 in2 1 1 
* Adhesive Bandage  2.5 x 7.5 cm 1 x 3 in. 16 1 
Antibiotic Treatment  0.9 g 1/32 oz. 6 1 
* Adhesive Tape  457.2 cm 5 yd. (total) 1 or 2 1 or 2 
* Antiseptic Swab.  0.5 g 0.14 fl. Oz. 10 1 
Antiseptic Wipe 2.5 x 2.5 cm 1 x 1 in. 10 1 
Antiseptic Towelette  157 cm2 24 in. 10 1 
Aspirin, Individually Wrapped 325 mg  2 2 
Bandage Compress (2 in.).  5 x 91 cm 2 x 36 in. 4 1 
Bandage Compress (3 in.)  7.5 x 152 cm 3 x 60 in. 2 1 
Bandage Compress (4 in.).  10 x 183 cm 4 x 72 in. 1 1 
Burn Dressing 10 x 10 cm 4 x 4 in. 1 1-2 
* Burn Treatment 0.9 1/32 fl. oz. 6 1 
CPR Barrier    1 1 
Cold Pack 10 x 12.5 cm 4 x 5 in 1 1-2 
Eye Covering, with means of attachment 19 cm2 2.9 in2 2 1 
Eye Wash  30 ml 1 fl. Oz. total 1 2 
Eye Wash & Covering, with means of 
attachment 

30 ml total 
19 cm2 

1 fl. oz. total 
2.9 in2 

1 
2 

2 

Gloves, latex free  XL XL 1 pair 1 
Gloves, latex free  L L 1 pair 1 
Roller Bandage (4 in.).  10 x 550 cm 4 in. x 6 yd. 1 1 
Roller Bandage (2 in.) 2 1 5 x 550 cm 2 in. x 6 yd. 2 1 
* Sterile pad  7.5 x 7.5 cm 3 x 3 in. 4 1 
* Triangular Bandage 101 x 101 x 142 cm 40 x 40 x 56 in. 1 1 
* Minimum mandatory contents for basic fill kit 

 

It is recommended that over the counter medications such as pain relievers (Ibuprofen); medications for 

upset stomachs as well as provisions for heat stress monitoring be included.  While it is generally felt that 

these items should not be dispensed, distractions caused by these conditions are considered a more 

elevated risk. 

 

10.2 MEDICAL DATA SHEET  

Each field team member, including visitors and subcontractors, entering the exclusion zone(s) shall be 

required to complete and submit a copy of the Medical Data Sheet (see Figure 10-1). This shall be 

provided to the SSO, prior to participating in site activities. The purpose of this document is to provide site 

personnel and emergency responders with additional information that may be necessary in order to 

administer medical attention should you become incapacitated. Any pertinent information regarding 

allergies to medications or other special conditions should be documented. If an exposure to hazardous 

materials has occurred, provide information on the chemical, physical, and toxicological properties of the 
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subject chemical(s) to medical service personnel. This is not anticipated given the extremely low 

concentrations previously reported. 

 

The medical data sheets will be collected by the FOL/SSO and maintained in a centrally located area 

accessible to all. Due to Protected Health Information privacy issues, please read the Health Insurance 

Portability and Privacy Act (HIPPA) warning prior to completing the medical data sheet. This warning is 

provided on the medical data sheet and pertains to protected health information. 

 

10.3 HOSPITAL  

Life-threatening medical emergencies will be handled by the NS Great Lakes Fire and EMS Department.  

They will determine the destination for emergency medical care based on pre-existing medical protocol.   

However, in non-emergency situations, Tetra Tech personnel may transport ambulatory patients to Vista 

Medical Center West located at  

 

2615 Washington Street 
Waukegan, Illinois 60085 

 

The closest emergency department, which will accept non-military personnel, to NS Great Lakes is Vista 

Medical Center West.  A map with directions to this facility is provided in Figure 10-2, following 

Section 18.0. 

 

Tetra Tech personnel are instructed to perform a drive-by of the hospital prior to commencing site 

activities to ensure that it is accessible and available and that the most efficient routes (primary and 

alternate) are well mapped. If emergency medical assistance is required, the FOL/SSO shall contact 

Work Care (occupational medicine provider) for additional guidance and assistance in the medical 

management of all injured or ill Tetra Tech employees. 

 

Medical management of injury/illness for subcontractor personnel will be managed through their 

company’s respective health care programs. 
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11.0 PERSONAL PROTECTIVE EQUIPMENT 

The levels of personal protection to be used for work tasks at the NS Great Lakes site have been 

selected based on the nature of the planned work activities and on the known or anticipated hazards; 

types and concentrations of contaminants that may be encountered onsite; and contaminant properties, 

toxicity, exposure routes, and matrixes.     

 

PPE is selected by the PHSO when writing the APP/SSHP, and is confirmed through a rigorous peer 

review process as well as by the Tetra Tech HSM.  To assure proper PPE has been selected, both the 

physical and chemical hazards present at the job site are taken into account in both developing and 

reviewing safety-related documents.   

 

PPE has been selected based on the results of task-specific hazard assessments.  Through the 

completion of employee training (e.g., introductory 40-hour hazardous waste training, annual refresher 

training, etc.), Tetra Tech employees have been informed of the proper selection, use, and care of PPE 

items provided to them.  After PPE is provided to an employee, the responsibility for using and caring for 

it appropriately is the responsibility of that employee.  The SSO is responsible for assuring that these 

responsibilities are fulfilled through daily observations and work area inspections at the sites.  The SSO is 

also responsible for assuring that appropriate and adequate supplies of PPE are maintained such that 

they are readily available for issuance/replacement and in a clean and sanitary manner and location.  The 

site personnel will use the procedures presented in the APP/SSHP to obtain optimum performance from 

PPE. 

 

The levels of personal protection to be used for work tasks have been selected based on the nature of the 

planned work activities and on the known or anticipated hazards.  Specific PPE selected for this project is 

listed, by task, in the AHAs located in Section 17.0.  The PPE minimum is as follows: 

 

 Hard hat when near overhead hazards or working near operating equipment; 

 Long sleeve shirts and pants; 

 Steel toed work shoes or boots for work: 

 Near drill rig 

 IDW management activities 

 Some groundwater sampling activities 

 As directed by the FOL/SSO 

 Tyvek® coverall type suits if a chance of soiling work clothing 

 Rain suit if there is a potential for saturation of work clothing 
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 Hearing protection for noise levels approaching 85 dBA (decibel A-frequency-weighting )   

 Or if you must raise your voice to be heard by someone standing within arm’s length, then noise 

levels are approaching 85 dBA) 

 High Visibility Vests – If working within 6-feet (free space of travel) of an established traffic pattern or 

if the placement of equipment forces you within 6-feet of established traffic patterns then a high 

visibility vest will be required. 

 

11.1 WORK CLOTHING 

The anticipated levels of protection selected for use by field personnel during site activities is the U.S 

EPA Level D.  If site conditions or the results of air monitoring performed during site activities warrant a 

higher level of protection, the field personnel will withdraw from the site, immediately notify the Tetra Tech 

PHSO, and obtain further instructions.  PPE levels can be upgraded or downgraded based on a change 

in site conditions or investigation findings.  When a significant change in site conditions occurs, hazards 

will be reassessed.   

 

Site workers shall wear clothing suitable for the weather however minimum requirements for work shall be 

short-sleeve shirt (minimum 8-inch sleeve length), long pants (excessively long or baggy pants are 

prohibited) and leather work shoes. Safety-toed (or other protective) footwear shall be worn. 

 

11.2 EYE AND FACE PROTECTION 

Safety glasses with side shields shall be worn as stipulated in the AHA and/or determined by the SSO. All 

safety glasses will be ANSI Z87 approved as indicated on the lens and frame. 

 

Face shields will be employed during high pressure decontamination activities. Face shields shall be 

employed over the safety glasses. 

 

Where airborne dusts or splash potential is imminent, safety goggles may be employed based on site-

specific conditions.  

 

11.3 HEARING PROTECTION 

Site activities will involve the use of equipment exceeding occupational noise exposure limit action levels. 

Exposure to noise equal to or exceeding the OSHA 8-hour Time-Weighted Average sound level [85 

decibels adjusted (dBA)] could result in hearing loss.  To minimize this hazard, the SSO will ensure the 

following measures are employed: 
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 Worker education on hearing conservation principles. Noise monitoring may be conducted at the 

PHSO discretion. 

 

 Effective use of hearing protection by all personnel working near excessive occupational noise 

sources. 

 

 Where possible, the use of engineering and/or administrative controls to reduce employee exposures 

to noise.  

 

Workers on site will be informed to observe the “noise rule of thumb” on this project, described as follows: 

 

In general, if a worker must raise his/her voice to be heard by someone standing next to him/her (within 2 

feet), noise levels may be exceeding 85 dBA and hearing protection will be required. 

 

 Hearing protection employed will offer a minimum noise reduction rating of 25dBA. 

 

 Disposable hearing protection is as the name implies, use once and throw away. Re-usable (Ear 

muffs as well as some plugs will be cleaned using hygienic wipes, allow to dry and bag when not in 

use. 

 

11.4 HEAD PROTECTION 

Hard hats shall comply with ANSI Z89.1 and shall be worn by site personnel workers when overhead 

hazards exist or when working in the vicinity (inside the exclusion control boundary for that operation) of 

operating equipment.  

 

11.5 HIGH VISIBILITY APPAREL 

High visibility apparel shall comply with ANSI/International Safety Equipment Association (ISEA) 107, 

Class 2 requirements at a minimum and shall be worn by site workers exposed to vehicular or equipment 

traffic where a Free Space of travel cannot be established. High- Visibility vests and signage to warn 

approaching motorist will be employed as warning devices. 

 

11.6 PROTECTIVE LEG CHAPS 

Based on the current scope of work, protective leg chaps such as those employed for chain saw use are 

considered - Not applicable. 
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11.7 GLOVES 

Leather work gloves worn by persons involved in activities that expose the hands to cuts, abrasions, 

punctures, and/or burns.  Cotton work gloves may be employed when these conditions exist however are 

considered low to moderate risk. These activities shall include mobilization/demobilization; IDW 

management (container handling and movement); surveying (clearing light brush (line of sight). 

 

When conducting well development, water level measurements; slug testing, and environmental sampling 

surgeon’s style nitrile gloves will be worn to protect against contamination and chemical irritants. 

 

High pressure decontamination activities will employ, nitrile surgeon’s gloves under a more supported and 

durable nitrile outer glove. 

 

The diligent use of gloves, good work hygiene practices, and diligent decontamination will prevent 

potential exposure as the contact and ingestion would be the most likely pathway. 

 

11.8  PERSONAL FLOTATION DEVICE 

Based on the current scope of work, site personnel will not need to work over or near water’s edge. 

Therefore, requirements for personal flotation devices are considered - Not applicable. 

 

11.9 RESPIRATORY PROTECTION 

The primary concern and the reason for this investigation is to determine the metals concentrations in 

groundwater. Based on this, reported source concentrations, it is extremely unlikely that airborne 

concentrations would reach permissible exposure levels. 
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12.0 MACHINE GUARDS AND SAFEY DEVICES 

Operation of equipment with machine guards and safety devices, such as drill rig, will be done by 

operators who have demonstrated the ability and necessary skills to operate safely. Ground-based 

workers will be trained in how to work safely around the equipment, and how to stay clear. Unsafe 

practices by site personnel can create dangerous situations. Serious injuries can occur if the equipment 

strikes a worker.   

 

 Equipment will be inspected as follows: 

- Periodic safety inspections (upon arrival, then once every month unless the equipment is down 

for maintenance or leaves the site) on all components of the equipment will be conducted by 

qualified personnel. In this case, the FOL/SSO will be responsible for equipment inspection. 

- The driller will perform daily walk around visual inspections to insure all is in acceptable working 

order. 

- All equipment service will be performed in accordance with the manufacturer's recommendation 

and utilizing manufacturer approved replacement parts.  

 

 This drill rig is equipped with DPT capabilities (hand actuated) so some units will not have an 

emergency stop device. However, all units equipped with rotating augers such as this one will have 

emergency stop devices and should be tested daily to insure they are functioning as intended. 

 

 Back-up or movement warning alarms must be functional so that it can be heard by all nearby 

workers. This is especially critical when field of vision is obstructed. 

 

 Machine guards and covers must be secured, properly adjusted, and in place around exposed 

rotating and thermal elevated components (with the exception of the rotating augers). 

 

Equipment found with missing or improperly adjusted guards will be prevented from use until repairs 

and/or adjustments are made. 

 

Attachment III is the Equipment Inspection Checklist for Drill Rigs.  This document will be used to guide 

and direct the inspector through the operational components to be inspected.  
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13.0 HAZARDOUS SUBSTANCES 

13.1 HAZARD COMMUNICATION 

Site operations will be compliant with the provisions of the OSHA Hazard Communication 29 CFR 

1910.1200(f) Standard. 

 

13.1.1 MSDS 

Tetra Tech and subcontractor personnel will provide MSDSs for chemicals brought onsite.  The contents 

of these documents will be reviewed by the SSO with the user(s) of the chemical substances prior to any 

actual use or application of the substances onsite.  The MSDSs will then be maintained in a central 

location (i.e., temporary office) and will be available for anyone to review upon request.  Anticipated 

chemical use: 

 

 Sample preservative(s) 

 Well construction supplies 

 Decontamination solvents/detergents 

 

13.1.2 Chemical Inventory 

The SSO is responsible to develop and maintain an accurate chemical inventory list for the chemicals that 

will be used and stored at that workplace.  

 

13.1.3 Container Labeling 

When a chemical is brought onsite, the SSO is responsible for its receipt will verify that the container is 

properly labeled with the following information:  

 

 Name of the chemical substance 

 Appropriate hazard warning  

 Name and address of the chemical manufacturer and Emergency Phone number. 

 The label is readable and not defaced. 

 The label is in English. 

 For temporary containers not used within the work shift and not maintained in the custody of the user 

will be labeled with the same information. 
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13.2  CONTAMINATION CHARACTERIZATION 

Based on an evaluation of data, in combination with historical information about the site, the primary 

contaminants of concern (COCs) at this site are metals (including Aluminum, Arsenic, Barium, Lead, 

Manganese, and Zinc).  It is not anticipated that levels of these constituents will be encountered that are 

of concern to field crews.  Previous sampling data has indicated very low concentrations of polynuclear 

aromatic hydrocarbons (PAH’s) which do not indicate a problem for field personnel.  However, it is 

recommended that exposure (via inhalation, ingestion, or skin contact) to these contaminants be 

minimized through the use of PPE and good work hygiene practices.  Table 13-1 lists the current 

occupational exposure limits (OEL) for the COC (metals).   

 

TABLE 13-1 

CURRENT OCCUPATIONAL EXPOSURE LIMITS 

 

 
Table Notes:  
TWA8: Time-weighted average exposure concentration for a conventional 8-hour work period that is not to be 

exceeded.  
mg/kg: milligrams per kilogram 
mg/m3: milligrams per cubic meter 
 
 

Based on current site information and these calculations, the amount of dust-in-air that would have to be 

generated to reach the current OELs is 14.79 mg/m3, which is greater than the amount of dust visible to 

the naked eye (2.5 mg/m3).  Therefore, a dust monitor will not be necessary at this site, and area wetting 

methods will be used to control dust if visible dust generation is observed. 

 

13.2.1 Properties and Exposure Signs/Symptoms of Metals 

The physical effects of poisoning from the heavy metals tend to be a very slow process and occur over a 

long period of continued exposure to the source of the toxic metal.  The physical symptoms which are 

typically induced by the presence of toxic metals in the body tend to be very vague and can include 

symptoms such as persistent fatigue, the appearance of splitting and blinding headaches, the presence of 

an upset stomach, disorders such as colic and even anemia in some cases. The central nervous system 

is the main part of the human body likely to be affected by the presence of toxic metals. Symptoms of a 

disrupted central nervous system include the appearance of muscular tremors, the development of spells 

COC 
Highest Concentration 

Previously Detected (mg/kg) 

Amount of Dust-In-Air that 
would have to be generated 

to reach the OEL (mg/m3) 
Current OEL (mg/m3) 

Aluminum 11,700 mg/kg 106.84 mg/m3 15 TWA 
Arsenic 25 mg/kg 25 mg/m3 0.01 TWA8 
Barium 423 mg/kg 295.51 mg/m3 0.5 TWA8 
Lead 845 mgkg 14.79 mg/m3 0.05 TWA8 

Manganese 846 mgkg 846 mg/m3 59.1 TWA 
Zinc 1530 mg/kg 816.99 mg/m3 NA 
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of dizziness, the presence of insomnia, the poor concentration abilities in the person and a sudden lack of 

muscular coordination in the body. 

 

13.2.2 Lead 

The effects of lead exposure are the same whether it enters the body through inhalation or ingestion.  

Lead can affect almost every organ and system in the body.  The main target for lead toxicity is the 

central nervous system, both in adults and children.  Long-term exposure to lead in adults can result in 

decreased performance in some tests that measure functions of the nervous system.  It may also cause 

weakness in fingers, wrists, or ankles.  Lead exposure also causes small increases in blood pressure, 

particularly in middle-aged and older people, and can cause anemia.  Exposure to high lead levels can 

severely damage the brain and kidneys in adults or children and ultimately cause death.  In pregnant 

women, high levels of exposure to lead may cause miscarriage.  High level exposure in men can damage 

the organs responsible for sperm production. 

 

13.2.3 Arsenic 

Inorganic arsenic is a human poison, and large oral doses above 60,000 parts per billion (ppb) in water 

can result in death.  If swallowed, lower levels of inorganic arsenic (from about 300 to 30,000 ppb in 

water), you may experience irritation of your stomach and intestines, with symptoms such as 

stomachache, nausea, vomiting, and diarrhea.  Other effects might be from swallowing inorganic arsenic 

include decreased production of red and white blood cells, which may cause fatigue, abnormal heart 

rhythm, blood-vessel damage resulting in bruising, and impaired nerve function causing a "pins and 

needles" sensation in the hands and feet.  

 

The most characteristic effect of long-term oral exposure to inorganic arsenic is a pattern of skin changes. 

These include patches of darkened skin and the appearance of small "corns" or "warts" on the palms, 

soles, and torso, and are often associated with changes in the blood vessels of the skin. Skin cancer may 

also develop. Swallowing arsenic has also been reported to increase the risk of cancer in the liver, 

bladder, and lungs. It has been determined that inorganic arsenic is a known human carcinogen  

 

High levels of inorganic arsenic inhaled will likely cause a sore throat and irritated lungs and some of the 

skin effects mentioned above.  Longer exposure at lower concentrations can lead to skin effects, and also 

to circulatory and peripheral nervous disorders.  An important concern is the ability of inhaled inorganic 

arsenic to increase the risk of lung cancer. This has been seen mostly in workers exposed to arsenic at 

smelters, mines, and chemical factories, but also in residents living near smelters and arsenical chemical 

factories.   If you have direct skin contact with high concentrations of inorganic arsenic compounds, your 
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skin may become irritated, with some redness and swelling. However, it does not appear that skin contact 

is likely to lead to any serious internal effects. 

 

13.2.4 Potential Routes of Exposure 

Inhalation:  Based on the data from previous investigations at this worksite, worker exposure to airborne 

concentrations that could represent a health concern is not considered to be likely.    It is also important to 

keep in mind that the planned work area is outdoors, with ample natural ventilation that will reduce any 

airborne particulates through dilution and dispersion and the source concentrations are considered to be 

low.  Additionally, the method of installation disturbs a small foot print also minimizing potential exposure. 

 

In addition, examples of onsite practices to be observed that will protect workers from exposure via 

inhalation include: 

 

 Proper PPE use and hygiene care 

 Proper airborne monitoring and use of area wetting techniques, when visible dust is generated. 

 Working upwind of equipment such as drill rigs that may be generating dust. 

 No hand to mouth activities. 

 

Ingestion and Skin Contact:  Potential exposure to metals may also occur through ingesting or coming 

into direct skin contact with contaminated soils.  However, the likelihood of worker exposure concerns 

through these two routes are considered very unlikely, provided that workers follow good personal 

hygiene and standard good sample collection/sample handling practices, and wear appropriate PPE as 

specified in this APP/SSHP.  Examples of onsite practices that are to be observed that will protect 

workers from exposure via ingestion or skin contact include the following: 

 

 No hand-to-mouth activities on site (eating, drinking, smoking, etc.) 

 Washing hands upon leaving the work area and prior to performing any hand to mouth activities 

 Wearing proper gloves whenever handling potentially-contaminated media, including soils, hand 

tools, and sample containers. 

 

13.3 EXPOSURE MONITORING/AIR SAMPLING PROGRAM 

None of the chemical contaminants are expected to be present in significant concentrations to present an 

inhalation hazard during planned site activities.  Contaminants of concern are non-volatile and were 

previously detected at low concentrations that are unlikely to pose a significant exposure threat to site 

personnel via inhalation, negating the need to monitor contaminant-specific airborne concentration.  
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Additionally, soils will be handled only to determine lithological intervals as the impetus of this 

investigation is groundwater. 

 

Therefore, no monitoring or air sampling will be conducted during planned activities as theoretical 

calculations, physical properties of the contaminants in question, and source concentrations do not 

support the need. 

 

13.4 MEDICAL SURVEILLANCE 

Personnel performing onsite work that will result in exposure to contaminant-related health and safety 

hazards shall be enrolled in a medical surveillance program that complies with OSHA standards 29 CFR 

1910.120 (f) and 29 CFR 1926.65 (f).  Certification of medical surveillance program participation is 

appended to the APP/SSHP.  The certification shall include: 

 

 Employee name 

 Date of last examination 

 Name of examining physician(s). 

 Approval to work if necessary in respiratory protection. 

 

No other information is required. Records containing Social Security Numbers shall be redacted to only 

include the last four digits. 

 

The required written occupational physician’s opinion shall be made available upon request to the Navy 

Contracting Officers Representative upon request.  Attachment I contains the certification of participation 

in a medical surveillance program as well as expiration dates.   

 

13.5   DECONTAMINATION 

This section provides decontamination procedures and guidelines for developing site and activity specific 

decontamination procedures. 

 

13.5.1 Responsibilities 

The PHSO shall ensure that decontamination measures are adequately addressed in the Site Specific 

Health and Safety Plan.  The SSO is responsible for establishing a decontamination area.  The SSO also 

ensures that adequate decontamination procedures are followed to prevent contamination of individuals 

or the environment beyond the exclusion zone.  The PM will ensure that sufficient information has been 

provided to the PHSO to prepare adequate decontamination procedures for inclusion in the APP/SSHP. 
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13.5.2 Personal Decontamination 

The decontamination will consist of a soap/water wash and rinse for outer protective equipment (e.g., 

boots, gloves, PVC splash suits, etc.).  This function will take place at an area adjacent to the drilling 

operations bordering the support zone.   

 

This decontamination procedure will consist of: 

 

 Equipment drop 

 Soap/water wash and rinse of outer gloves and outer boots, as applicable 

 Removal of outer coveralls, if used 

 Wash hands and face, leave contamination reduction zone. Hygienic wipes can also be used in 

scenarios in which to remove incidental soils. It is recommended that if Hygienic wipes are employed 

ones such as D-Lead (also known as D-Wipe Towels intended to remove and contain heavy metals. 

These towels can be used on common surface as well. 

 

The FOL/SSO will determine the organization and materials used.  Factors that are considered include: 

the extent and type of hazard expected, meteorological conditions, topography, levels of protection 

selected, and availability of equipment and supplies.   

 

13.5.3   Equipment Decontamination 

Sampling equipment will be decontaminated as stated per the requirements in the Sampling and Analysis 

Plan and/or Work Plan.  MSDS for any decontamination solutions (such as Alconox®, isopropanol, etc.) 

will be obtained and used to determine proper handling / disposal methods and protective measures 

(PPE, first-aid, etc.). The sampling equipment used will require a complete decontamination between 

locations and prior to removal from the site. 

 

The equipment decontamination will take place at a centralized decontamination pad utilizing a pressure 

washer or similar equipment.  Movement off improved surfaces (Black top) especially during wet intervals 

should be supported using pads, plywood or similar supporting materials to minimize damage to the 

vegetative areas and grass surfaces. Take only the equipment necessary. 

 

If the equipment does become muddy, heavy equipment, such as drill rigs, will have the wheels and 

tires/tracks cleaned along with any loose debris removed, prior to transporting to the central 

decontamination area.  The site vehicles will be restricted access to exclusion zones, or also have their 

wheels/tires sprayed off at the central decontamination area as not to track mud onto the roadways 
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servicing this installation.  Roadways shall be cleared of any debris (mud) resulting from the onsite activity 

daily. 

 

The equipment used in the exclusion zone will require a complete decontamination between locations 

and prior to removal from the site. The FOL or the SSO will be responsible for evaluating equipment 

arriving onsite and that which is to leave the site.  Equipment will only be authorized access or exit with 

this authorization. Evaluation will consist of a visual inspection to ensure that visible contamination has 

been effectively removed. 

 

Equipment Decontamination Procedure 

1. Manually remove any loose soils from the wheels/tires/tracks/auger flights. 

2. For pressure washers exerting greater than 3000 psi, a 15 degree deflection will be required. 

3. Spray to remove loose soils. Any smears should be washed with soap and water to insure they 

are adequately cleaned. 

4. Rinse and allow to air dry. 

5. Deflection screen(s) should be constructed on the decontamination pad to control overspray. 

6. Pad construction will be sloped to allow water to collect within a corner. Drain water after each 

use. 

7. The tarp or plastic liner should be at least a collective thickness of 18-20 mils. Apply a light 

coating off sand to prevent slip, trip, and fall. 

8. Personnel shall employ a rainsuit or apron to control saturation of work clothes, chemical 

resistant overboot to prevent saturation of foot wear; safety glasses beneath a face shield. 

9. Depending on the proximity to the operation hearing protection will be required. See general rule 

of thumb. 

 

13.5.4 Closure of the Decontamination Line 

When the decontamination line is no longer needed, it will be closed down by site personnel.  The 

disposable items used during the operation will be double-bagged and contained onsite, or removed to an 

approved off-site disposal facility.  Decontamination and rinse solutions will be sampled along with other 

liquid IDW to determine disposal. Reusable impermeable clothing should be dried and prepared for future 

use.  If gross contamination had occurred, additional decontamination or disposal of these items may be 

required.  Clothing items must be bagged and removed from the site for final cleaning or disposal.  Wash 

tubs, pails, containers, etc., must be thoroughly washed, rinsed, and dried before removal from the site. 
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13.6 DRUM/CONTAINER/TANK HANDLING 

During the execution of the contract, various types and quantities of generated waste materials will be 

generated including: 

 

 Soil cuttings 

 Purge and development waters, and  

 Limited quantities of decontamination fluids.   

 

It is also anticipated that general refuse will be generated including: 

 

 PPE 

 Well construction materials (empty bags, cut offs, etc.).  

 Tubing 

 

These materials will be disposed of in identified dumpsters on the facility. 

 

Drum Management  

Personnel are permitted to handle and/or sample drums containing known waste sources/materials, but 

handling or sampling of other drums (unknowns) requires an APP/SSHP revision or amendment 

approved by the Tetra Tech HSM. The following control measures must be taken when managing drums 

containing waste sources/materials: 

 

 Labels – All containers not maintained in your custody shall be labeled. The information shall include: 

- Site Name: Site 12 Harbor Dredge Spoil Area 

- Date: Date filling began 

- Unique Drum Identifier: A number or other unique identifier placed on the side of the drum (not 

on the lid). 

- Contents: Purge – groundwater; Development – groundwater; soil cuttings. 

- POC: Person to contact on the facility – Terese Van Donsel – or Tetra Tech 

representative (FOL/SSO) with phone number. 

 Minimize transportation of drums or other containers with generated waste materials.  

- However, where this is deemed necessary, appropriate drum dollies, hand trucks or other 

suitable material handling equipment shall be used to transfer drums of generated waste 

materials. 

- Transport and handle smaller container to minimize lifting hazards as well as pinch hazards. 
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- When transporting IDW in vehicles, make sure containers are closed, place buckets filled with 

water into mortar tubs to serve as secondary containment during transport. Secure or otherwise 

block these containers to minimize movement. Remember when transporting these containers, 

alter your driving patterns to accommodate for reduce stopping and cornering capabilities. 

 

 Handling/Sampling/Staging Drums – The following measures shall be employed to minimize 

handling/staging/sampling hazards: 

- When filling drums exercise care to avoid spills. Wipe down the external surfaces of the drums to 

minimize contact hazards. 

- Sample or open only labeled drums or drums known to contain generated waste materials. 

- Minimize filling to 80% or handle smaller containers and transfer contents, this will minimize 

weight and make handling easier. 

- Staging –  

 Where possible place the staging area on a hard surface (black top). This will permit the IDW 

truck access to collect those containers to be taken off site. 

 Maintain the staging area outside of the general traffic pattern. 

 Use construction fencing or caution tape around the staged drums to serve as a visual 

indicator. 

 4 drums to a pallet – The label and the bolt retention ring will be accessible on the outside. 

 Leave at least 4-feet between each row to allow removal of drums.  

 Wear leather gloves and steel toed boots when handling drums. 

 Exercise caution when placing drums to avoid trapping fingers between placed drums and 

those being placed. 
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14.0   TRAFFIC CONTROL 

Hazards associated with vehicular and equipment traffic are likely to exist during various site activities 

and whenever site personnel performed work on or near roadways.  If required, to minimize the potential 

for injuries associated with these hazards, a traffic control plan will be prepared and submitted for 

approval by the local authorities in accordance with the Illinois Manual on Uniform Traffic Control Devices 

which consists of the National Manual on Uniform Traffic Control Devices.   

 

A subcontractor will be present to implement the traffic control plan through the use of warning signs, 

traffic cones, and flagmen.  Additionally, site personnel will be instructed to maintain awareness of traffic 

and moving equipment when performing site activities.  When working near roadways, site personnel will 

wear high visibility vests.   

 

Site personnel and subcontractors will follow the local traffic rules. Site vehicles will yield to bicycles and 

pedestrians. Personnel working in areas subject to vehicular traffic (streets, parking lots, and so forth) will 

wear high-visibility safety vests. Flashing light or reflectorized barricades will be used for roads that are 

blocked due to equipment placement. 

 

14.1 SITE 12 TRAFFIC CONTROL PROCEDURES 

When working in traffic areas (roads, parking lots etc.) the area will be marked and controlled as follows: 

 

 Signs will be placed indicating “Men Working” or construction area 100-feet in advance of the work 

area to warn approaching drivers. Where possible request this area of the park be closed for use 

during investigation activities. 

 Where at least 6-feet of Free Space of Travel cannot be obtained or maintained, traffic patterns will 

be altered using 3-foot orange traffic cones ringed with yellow barrier tape that state 

- “DO NOT ENTER” will either stop all traffic from entering the area or  

- The drilling/sampling site will be surrounded and the cones will be used as a buffer area. This 

buffer area needs to be of sufficient size to remove persons from potential physical hazards 

including equipment failure and noise. 

 

Measures greater than those stated above will require a Movement of Traffic Plan to be submitted to 

Security for approval. 
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15.0 CONTROL OF HAZARDOUS ENERGY (LOCKOUT/TAGOUT) 

Lockout refers to the specific steps taken to safeguard employees from the unexpected startup of 

machinery and equipment, or the release of hazardous energy, during setup, service, or repair.  When 

equipment is being repaired, a lock will be placed on the energy source, control, or isolating device. The 

SSO will meet with the drilling subcontractor and determine the type of equipment used, and procedures 

and assigned responsibilities to be used on site.  The following critical elements will be discussed: 

 

 The SSO and the subcontractor will clearly define when a lockout needs to occur.   

 

 All potential energy sources will be identified. Simply disconnecting the main power switch is not 

sufficient, as other types of energy may exist, such as hydraulic, electric, thermal, radioactive, 

pneumatic, gravity, and chemical energy  All energies – Potential and Kinetic.  Any stored energy will 

be drained, released, or blocked as needed. 

 

 The energy isolating devices will be correctly located. To achieve proper equipment isolation, an 

energy isolating device – such as a circuit breaker, disconnect switch, or gate valve – will be found, 

tagged, and locked out in the closed position or keys removed and secured. 

 

 Site personnel (Affected employees) will be informed of the lockout. 

 

 Locks will be attached along with a warning tag indicating the date, purpose, and length of the lockout 

and who installed the lock. If there are several employees working on a job, each worker will attach 

his or her own lock to a multiple-locking device. 

 

 Uniquely keyed locks will be used (that come with only one key) to ensure that employees cannot 

remove each other’s locks. 

 

 After the lockout procedures have been performed, the operation of the machinery will be tested to 

ensure that all energy sources have been secured.  

 

 Locked-out equipment will be returned to service only after all start-up procedures established by the 

SSO have been followed. Special attention will be given to make sure all obstructions have been 

cleared, machine safeguards have been replaced, locks have been removed (in the correct order), 

and all workers have been notified and are free of the area. 
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The necessity to lockout equipment is not anticipated. This information is provided as a contingency 

should it be required. 
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16.0 SUPPLEMENTAL PLANS OR ADDITIONAL INFORMATION 

16.1 LAYOUT PLANS 

This section outlines the means to delineate work zones and use these work zones in conjunction with 

decontamination procedures to prevent the spread of contaminants into previously unaffected areas.  

 

16.1.1  Control Zones 

It is anticipated that a three-zone approach will be used during work at this site.  This approach will be 

comprised of an exclusion zone, a contamination reduction zone, and a support zone.  It is also 

anticipated that this approach will control access to site work areas, restricting access by the general 

public, minimizing the potential for the spread of contaminants, and protecting individuals who are not 

cleared to enter work areas.  Site personnel entering the exclusion zone and contamination reduction 

corridor will log-in and log-out with the FOL/SSO on a daily basis.  This information will be kept in the 

FOL/SSO project log book. 

 

16.1.1.1 Exclusion Zone 

The exclusion zone will be considered those areas of active operations plus an established safety zone 

depending on the task.  The following represent the exclusion zone boundaries for the following identified 

tasks: 

 

 Soil Boring and Monitoring well installation – height of mast plus 25 feet 

 Soil and or Groundwater sampling – 10 feet from point of sampling 

 Low pressure decontamination activities – 10-feet  

 High Pressure washing and heavy equipment decontamination operations –  35-feet  

 IDW Storage area – Authorized personnel only 

 

Exclusion zones will be delineated using barrier tape, cones and/or drive poles, and postings to inform 

and direct facility site personnel and visitors, as necessary.  See Section 14.1. 

 

A pre-startup site visit will be conducted to identify proposed subsurface investigation locations, conduct 

utility clearances, and provide notices concerning scheduled activities. 
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16.1.1.2 Contamination Reduction Zone 

The contamination reduction zone (CRZ) will be a buffer area between the exclusion zone and any area 

of the site where contamination is not suspected.  This area will also serve as a focal point in supporting 

exclusion zone activities.  This area may be marked using barrier tape, cones, and postings to inform and 

direct facility personnel.  Decontamination will be conducted at a central location.  Equipment potentially 

contaminated will be bagged and taken to that location for decontamination.   

 

16.1.1.3 Support Zone 

The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained.  The support zones will be 

established at areas of the site away from potential exposure to site contaminants during normal working 

conditions or foreseeable emergencies. 

 

16.1.2  Site Visitors 

Site visitors for the purpose of this document are identified as representing the following groups of 

individuals: 

 

 Personnel invited to observe or participate in operations by Tetra Tech 

 Regulatory personnel (i.e., DoD, EPA, OSHA) 

 Authorized Navy personnel 

 Other authorized visitors 

 

Non-Tetra Tech personnel working on this project are required to gain initial access to the base by 

coordinating with the Tetra Tech FOL or designee and following established base access procedures.   

Site visitors will be escorted and restricted from approaching any work areas where they could potentially 

be exposed to hazardous chemicals.  If a visitor has authorization from the client and from the Tetra Tech 

PM to approach our work areas, the FOL must ensure that the visitor first provides documentation 

indicating that he/she/they have successfully completed the necessary OSHA introductory training, 

receive site-specific training from the SSO and that they have been physically cleared to work on 

hazardous waste sites.  When these conditions cannot be satisfied personnel can still enter these zones 

but not during active operations. 
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16.1.3  Site Security 

Site security will be accomplished using Tetra Tech field personnel.  Tetra Tech will retain complete 

control over active operational areas.  As this activity takes place at a Navy facility open to public access, 

the first line of security will take place at the base boundaries restricting the general public.  The second 

line of security will take place at the work site referring interested parties to the Base Contact.  The Base 

Contact will serve as a focal point for base personnel, interested parties, and serve as the final line of 

security and the primary enforcement contact. 

 

16.2 ACCESS AND HAUL ROAD PLAN 

Based on the current scope of work, earthen materials will neither be hauled into or out of the site, nor will 

there be a need to alter existing traffic patterns. Therefore an Access and Haul Road Plan is considered - 

Not applicable. 

 

16.3 RESPIRATORY PROTECTION PLAN 

Based on the current scope of work, anticipated concentrations, respiratory protection will not be 

required. Therefore, a Respiratory Protection Plan is considered - Not applicable. 

 

16.4 LEAD ABATEMENT PLAN 

Based on the current scope of work, site personnel will not conduct lead abatement activities or work 

within the vicinity where this work is being conducted, therefore, requirements for Lead Abatement Plan 

are considered - Not applicable. 

 

16.5 ASBESTOS ABATEMENT PLAN 

Based on the current scope of work, site personnel will not conduct asbestos containing materials or 

presumed asbestos containing materials abatement activities, therefore, requirements for Asbestos 

Abatement Plan are considered - Not applicable. 

 

16.6 RADIATION SAFETY PROGRAM 

Based on the current scope of work, site personnel will not conduct work with or encounter radiation in 

the form of α-Alpha particles, β-Beta particles, or γ-Gamma radiation. Therefore, requirements for 

Radiation Safety Plan are considered - Not applicable. 
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16.7 ABRASIVE BLASTING 

Based on the current scope of work, site personnel will not conduct abrasive blasting or work within the 

vicinity where this work may be conducted, therefore, requirements for Abrasive Blasting Safety Plan are 

considered - Not applicable. 

 

16.8 HEAT/COLD STRESS MONITORING PLAN 

It is necessary for the field team to be aware of the signs and symptoms and the measures appropriate to 

prevent heat and cold stress.  While it is unlikely, if such conditions are encountered use the following 

information on heat and cold stress recognition, prevention and control. 

 

Ambient temperature extremes (hot or cold working environments) may occur during performance of this 

investigatory activities depending on the project schedule.  Work performed when ambient air 

temperatures are below 50 degrees Fahrenheit (F) may result in varying levels of cold stress (frost nip, 

frost bite, and/or hypothermia) depending on environmental factors such as temperature, wind speed, and 

humidity; physiological factors such as metabolic rate and moisture content of the skin; and other factors 

such as work load and the protective clothing being worn.  Work performed when ambient temperatures 

exceed 70F may result in varying levels of heat stress (heat rash, heat cramps, heat exhaustion, and/or 

heat stroke) depending on factors similar to those presented above for cold stress. 

 

In either case, these conditions can be debilitating and, when extreme, they can be fatal.  An 

understanding of the importance in preventing heat/cold stress, coupled with the worker's awareness of 

the signs and symptoms of overexposure, can significantly reduce the potential for adverse health effects.  

If this hazard is present during site operations, each worker will be provided with information necessary to 

protect themselves, and site management will be instructed to permit frequent breaks in mild temperature 

rest areas having hot/cold fluids available for consumption.  When conditions exist in which heat or cold 

stress can occur regardless of PPE biological monitoring may be performed and data compared to the 

most recent recommendations of the American Conference of Governmental Industrial Hygienists 

(ACGIH).   

 

16.8.1 Heat Related Disorders 

There are four heat related disorders to monitor while performing work onsite. 
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16.8.1.1 Heat Rash 

Also known as prickly heat, this condition affects the skin.  It occurs in situations where the skin remains 

wet most of the time.  The sweat ducts become plugged and a skin rash soon appears. 

 

16.8.1.1.1 Signs and Symptoms 

 Skin rash will appear on affected areas of the body. 

 Tingling or prickling sensation will be felt on the affected areas. 

 

16.8.1.2 Heat Cramps 

Heat cramps are muscle pains, usually in the lower extremities, the abdomen, or both, that occur after 

profuse sweating with accompanying salt depletion.  Heat cramps most often afflict people in good 

physical condition, who overwork in conditions of high temperature and humidity.  Untreated, heat cramps 

may progress to heat exhaustion. 

 

16.8.1.2.1 Signs and Symptoms 

Cramps in the extremities and abdomen that begin suddenly during vigorous activity.  Heat cramps can 

be mild with only slight abdominal cramping and tingling in the extremities, but more commonly present 

intense and incapacitating pain in the abdomen and extremities. 

 

 Respiration rate will increase, decreasing after the pain subsides. 

 Pulse rate will increase. 

 Skin will be pale and moist. 

 Body temperature will be normal. 

 Generalized weakness will be noted as the pain subsides. 

 Loss of consciousness and airway maintenance are seldom problems with this condition. 

 

Treatment for heat cramps is aimed at eliminating the exposure and restoring the loss of salt and water. 

 

16.8.1.3 Heat Exhaustion 

Heat exhaustion is a more severe response to salt and water loss, as well as an initial disturbance in the 

body's heat-regulations system.  Like heat cramps, heat exhaustion tends to occur in people working in 

hot environments.  Heat exhaustion may progress to heat stroke.  Treatment for heat exhaustion is similar 

in principle to that for heat cramps. 
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16.8.1.3.1 Signs and Symptoms 

 Heat exhaustion may be accompanied present by a headache, fatigue, dizziness, or nausea with 

occasional abdominal cramping.  

 More severe cases of heat exhaustion may result in partial or complete temporary loss of respiration 

and circulation due to cerebral ischemia. 

 Sweating will be profuse. 

 Pulse rate will be rapid and weak. 

 Respiration rate will be rapid and shallow. 

 The skin will be pale and clammy. 

 The body temperature will be normal or decreased. 

 The person could be irritable and restless. 

 

16.8.1.4 Heat Stroke 

Heat stroke is caused by a severe disturbance in the body's heat-regulating system and is a profound 

emergency:  The mortality rate ranges from 25 to 50 percent.  It can also occur from having too much 

exposure to the sun or prolonged confinement in a hot atmosphere.  Heat stroke comes on suddenly.  As 

the sweating mechanism fails, the body temperature begins to rise precipitously, reaching 106°F (41°C) or 

higher within 10 to 15 minutes.  If the situation is not corrected rapidly, the body cells -- especially the 

very vulnerable cells in the brain--are literally cooked, and the central nervous system is irreversibly 

damaged.  The treatment for heat stroke is aimed at maintaining vital functions and causing as rapid a 

decrease of body temperature as possible. 

 

16.8.1.4.1 Signs and Symptoms 

 The person's pulse will be strong and bounding. 

 The skin will be hot, dry, and flushed. 

 The worker may experience headache, dizziness, and dryness of mouth 

 Seizures and coma can occur. 

 Loss of consciousness and airway maintenance problems can occur. 

 

16.8.1.5 Controlling Heat Stress 

The following control measures are only guidelines for heat related emergencies.  Actual training in 

emergency medical care or basic first aid is recommended.  Employees will monitor one another for signs 

of heat stress.  If indications of heat stress occur, the following corrective measures will be performed: 
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 Inform affected workers of the signs and symptoms of heat stress and encourage co-worker 

observations. 

 

 Schedule tasks that are physically-demanding in early morning and late afternoon timeframes when 

heavy loads would be less of an issue. 

 

 Notify the SSO who may perform biological monitoring to determine the extent of the heat related 

condition.  

 

 The SSO may alter the work regime that will provide adequate rest periods for cooling down.  This 

may require additional shifts of workers. 

 

 The SSO may also recommend cooling devices such as vortex tubes or cooling vests be worn 

beneath protective garments. 

 

 When conditions where heat related disorders may be experienced, the SSO through site-specific 

training and safety briefing will inform site personnel of the importance of adequate rest, acclimation, 

and proper diet in the prevention of heat stress. 

 

 Provide adequate liquids to replace lost body fluids.   

 

 Personnel must replace water and electrolytes lost from sweating. 

 

 Personnel must be encouraged to drink more than the amount required to satisfy thirst. Based on this 

it is good to mix one bottle of Gatorade to 3 bottles of water. The Gatorade encourages drinking and 

replaces electrolytes and the water provide hydration and supports cooling. 

 

 Thirst satisfaction is not an accurate indicator of adequate salt and fluid replacement. 

 

 Approximately 1 cup of cool water every 20 minutes is recommended. 

 

 Replacement fluids can be commercial mixes such as Gatorade®. 

 

 Move affected persons into a shaded cool rest area (below 77°F is best). 

 

 Personnel shall remove impermeable protective garments during rest periods.  



- 
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 Personnel shall not be assigned other tasks during rest periods. 

 

 One of the following biological monitoring procedures may be utilized by the SSO to monitor heat 

stress concerns.   

 

 Heart rate shall be measured by the pulse for 30 seconds as early as possible in the resting period.  

The heart rate at the beginning of the rest period should not exceed 110 beats/minute.   

 

 If the heart rate is higher, the next work period should be shortened by 10 minutes (or 33%), while the 

length of rest period stays the same.   

 

 If the pulse rate is 100 beats/minute at the beginning of the next rest period, the following work cycle 

should be shortened by 33%.   

 

 The length of the initial work period will be determined by using the table below. 

 

Heat Stress Monitoring results will be recorded on Figure 16-1. 

 

TABLE 16-1 

PERMISSIBLE HEAT EXPOSURE THRESHOLD LIMIT VALUES 

Work-Rest Regimen 
Work Load 

Light Moderate Heavy 

Continuous 80.0°F 80.0°F 77.0°F 

75% Work - 25% Rest, Each Hour 87.0°F 82.4°F 78.6°F 

50% Work - 50% Rest, Each Hour 88.5°F 85.0°F 82.2°F 

25% Work - 75% Rest, Each Hour 90.0°F 88.0°F 86.0°F 

 

Body temperature shall be measured orally with a digital thermometer with disposable probe covers or an 

aural/temporal temperature sensor as early as possible in the resting period.  Oral temperature  at the 

beginning of the rest period should not exceed 99°F.  If it does, the next work period should be shortened 

by 10 minutes (or 33%), while the length of the rest period stays the same.  However, if the oral 

temperature exceeds 99.7°F at the beginning of the next rest period, the following work cycle shall be 

further shortened by 33%.  Oral temperature should be measured at the end of the rest period to make 

sure that it has dropped below 99°F.  At no time shall work begin with the oral temperature above 99°F. 
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NOTE: External temperatures in excess of those stated above shall be regarded as inclement weather.   

 

16.8.1.5.1 Temperature Extremes – Heat Stress Indication 

Temperature extremes are considered inclement weather.  Steps should be taken to the extent possible 

protect site personnel from the effects of heat stress and the sun.  Control measures include: 

 

 Watch for signs of heat stress/exhaustion, see Table 16-2. 

 Provide fluid replacement. 

 Provide adequate number of breaks within a cooler environment. 

 

Care should be exercised when working outdoors due to harmful effects of the sun.  To reduce the potential 

for sunburn and melanoma use the following measures: 

 

 Wear a hat that shades the face, neck, and ears. 

 

 Apply sunscreen with a Sun Protection Factor of 15 or higher liberally on any exposed skin at least 15 

minutes before going outside, then at least every two hours, more if you are sweating a lot. 

 

 Plan/provide suitable equipment to offer shade to avoid the midday sun since the sun's ultraviolet 

rays are most intense between 10 AM and 4 PM and can damage your skin even on hazy days.  

Portable canopies over the sample station are an example of this. 

 

 Wear wrap-around sunglasses to protect the eyes and delicate skin around them.  

 

TABLE 16-2 

HEAT STRAIN SYMPTOMS 
 

Stop work if any worker demonstrates any of the following:  
 

Heart Rate 
Sustained (several minutes) heart rate minus worker’s age > than 180 beats per minute 
(bpm) measured at any time. 

Body Core Temperature > 101.3ºF (38.5ºC) 

Recovery Heart Rate > 110 bpm (measured 1 minute after peak work effort) 

Other symptoms Sudden and sever fatigue, nausea, dizziness, or headache 

 

Individuals may be at greater risk of heat stress when: 

 

 Profuse sweating is sustained over hours 
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 Weight loss over a shift is > 1.5% of beginning body weight 

 Acclimatization levels have not been achieved 

 Alcohol use as well as certain medications (blood thinners, etc.) 

 

16.8.1.5.2 First Aid for Heat Stroke 

Take the following steps to treat a worker with heat stroke:  

 

 Call NS Great Lakes Emergency Dispatch Center and notify FOL/SSO.  

 Move the affected individual to a cool shaded area.  

 Cool the worker using methods such as:  

- Soaking their clothes with water.  

- Spraying, sponging, or showering them with water.  

- Fanning their body.  

- Loosen clothing, elevate legs, treat for shock. 

- Apply cooling (wet clothes to head and neck as well as other pulse points to cool blood). 

 

16.8.1.5.3 First Aid for Heat Exhaustion 

Treat victim suffering from heat exhaustion with the following:  

 

 Have them rest in a cool, shaded or air-conditioned area.  

 Have them drink plenty of water or other cool, non-alcoholic beverages.  

 Have them take a cool shower, bath, or sponge bath.  

 Monitor welfare. 

 

16.8.1.5.4 First Aid for Heat Cramps 

Individuals with heat cramps should:  

 

 Stop all activity, and sit in a cool place.  

 Drink clear water or a sports beverage for electrolytic replacement.  

 Do not return to strenuous work for a few hours after the cramps subside because further exertion 

may lead to heat exhaustion or heat stroke.  

 Seek medical attention if any of the following apply:  

- The person has heart problems.  

- The person is on a low-sodium diet.  

- The cramps do not subside within one hour.  
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Generally, cramps are likely to be experienced into the night when attempting to sleep. 

 

16.8.1.5.5 First Aid for Heat Rash 

Workers experiencing heat rash should:  

 

 Try to work in a cooler, less humid environment when possible.  

 Keep the affected area dry.  

 Dusting powder may be used to increase comfort.  

 

16.8.2 Cold Stress Related Disorders 

Just as heat can present a problem for on-site personnel during certain activities, so can cold 

temperatures. Just as the heat related disorders are magnified by environmental conditions and the tasks 

to be completed, so are the cold related disorders. As above, the focus is on recognizing conditions 

contributing to cold related disorders and selecting the most appropriate control measure.  

 

The ACGIH cold stress Threshold Limit Values (TLVs) are recommended to protect workers from the 

severest effects of cold stress (hypothermia) and cold injury and to describe exposures to cold working 

conditions under which it is believed that nearly all workers can be repeatedly exposed without adverse 

health effects.  The TLV objective is to prevent the deep body temperature from falling below 36degrees 

centigrade (C) or (96.8F) and to prevent cold injury to body extremities (deep body temperature is the 

core temperature of the body determined by conventional methods for rectal temperature 

measurements).  For a single, occasional exposure to a cold environment, a drop in core temperature to 

no lower than 35C (95F) should be permitted.  In addition to provisions for total body protection, the TLV 

objective is to protect all parts of the body with emphasis on hands, feet, and head from cold injury. 

 

Fatal exposures to cold among workers have almost always resulted from accidental exposures involving 

failure to escape from low environmental air temperatures or from immersion in low temperature water.  

The single most important aspect of life-threatening hypothermia is the fall in the deep core temperature 

of the body.  The clinical presentations of victims of hypothermia are shown in Table 16-3.  Workers 

should be protected from exposure to cold so that the deep core temperature does not fall below 36C 

(96.8F); lower body temperatures will very likely result in reduced mental alertness, reduction in rational 

decision making, or loss of consciousness with the threat of fatal consequences. 
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TABLE 16-3 

PROGRESSIVE CLINICAL PRESENTATIONS OF HYPOTHERMIA* 
 

Core Temperature 
Clinical Signs 

C F 

37.6 99.6 "Normal" rectal temperature 
37 98.6 "Normal" oral temperature 
36 96.8 Metabolic rate increases in an attempt to compensate for heat loss 
35 95.0 Maximum shivering 
34 93.2 Victim conscious and responsive, with normal blood pressure 
33 91.4 Severe hypothermia below this temperature 
32 89.6 Consciousness clouded; blood pressure becomes difficult to obtain; pupils 

dilated but react to light; shivering ceases 31 87.8 

30 86.0 Progressive loss of consciousness; muscular rigidity increases; pulse and 
blood pressure difficult to obtain; respiratory rate decreases 

29 84.2 
28 82.4 Ventricular fibrillation possible with myocardial irritability  

27 80.6 
Voluntary motion ceases; pupils nonreactive to light; deep tendon and 
superficial reflexes absent 

26 78.8 Victim seldom conscious 
25 77.0 Ventricular fibrillation may occur spontaneously 
24 75.2 Pulmonary edema 
22 71.6 

Maximum risk of ventricular fibrillation 
21 69.8 
20 68.0 Cardiac standstill 
18 64.4 Lowest accidental hypothermia victim to recover 
17 62.6 Isoelectric electroencephalogram 
9 48.2 Lowest artificially cooled hypothermia patient to recover 

* Presentations approximately related to core temperature.  Reprinted from the American Family Physician, published by the 
American Academy of Family Physicians. 

 

16.8.2.1 Signs and Symptoms  

Pain in the extremities may be the first early warning of danger to cold stress.  During exposure to cold, 

maximum severe shivering occurs when the body temperature has fallen to 35C (95F).  This must be 

taken as a sign of danger and exposure to cold should be immediately terminated when severe shivering 

becomes evident.  Useful physical or mental work is limited when severe shivering occurs. 

 

16.8.2.2 Control Measures 

Since prolonged exposure to cold air or to immersion in cold water, at temperatures well above freezing 

can lead to dangerous hypothermia, whole body protection must be provided. 

 

 Adequate insulating dry clothing to maintain core temperatures above 36C (96.8F) must be 

provided to workers if work is performed in air temperatures below 4C (40F).   
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 Wind chill cooling rate and the cooling power of air are critical factors.  [Wind chill cooling rate is 

defined as heat loss from a body expressed in watts per meter squared which is a function of the air 

temperature and wind velocity upon the exposed body.]   

 

 The higher the wind speed and the lower the temperature in the work area, the greater the insulation 

value of the protective clothing required.   

 

 An equivalent chill temperature chart relating the actual dry bulb air temperature and the wind velocity 

measured in miles per hour (mph) is presented in Table 16-4.   

 

 The equivalent chill temperature should be used when estimating the combined cooling effect of wind 

and low air temperatures on exposed skin or when determining clothing insulation requirements to 

maintain the deep body core temperature.  

 

 Unless there are unusual or extenuating circumstances, cold injury to other than hands, feet, and 

head is not likely to occur without the development of the initial signs of hypothermia.   

 

 Older workers or workers with circulatory problems require special precautionary protection against 

cold injury.   

 

- Dress in layers – This will allow regulating heat through removal and/or replacement of a layer. 

The use of extra insulating clothing and/or a reduction in the duration of the exposure period are 

among the special precautions which should be considered.  Install wind blocks around static 

areas (drill rig, sample screening areas, etc.) 

 

- The precautionary actions to be taken will depend upon the physical condition of the worker and 

should be determined with the advice of a physician with knowledge of the cold stress factors and 

the medical condition of the worker. 

 

 



     Revision 2 
NS Great Lakes     July 2013 

 

Accident Prevention Plan/ Site Safety and Health Plan 16-14  CTO F27A 
Site-Specific Health and Safety Plan 

TABLE 16-4 
 

COOLING POWER OF WIND ON EXPOSED FLESH EXPRESSED AS EQUIVALENT TEMPERATURE 
(under calm conditions)* 

 

Estimated Wind Speed  
(in mph) 

Actual Temperature Reading (F) 

50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 

Equivalent Temperature (F) 

Calm 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 

5 48 37 27 16 6 -5 -15 -26 -36 -47 -57 -68 

10 40 28 16 4 -9 -24 -33 -46 -58 -70 -83 -95 

15 36 22 9 -5 -18 -32 -45 -58 -72 -85 -99 -112 

20 32 18 4 -10 -25 -39 -53 -67 -82 -96 -110 -121 

25 30 16 0 -15 -29 -44 -59 -74 -88 -104 -118 -133 

30 28 13 -2 -18 -33 -48 -63 -79 -94 -109 -125 -140 

35 27 11 -4 -20 -35 -51 -67 -82 -98 -113 -129 -145 

40 26 10 -6 -21 -37 -53 -69 -85 -100 -116 -132 -148 

(Wind speeds greater than 
40 mph have little additional 
effect) 

 

LITTLE DANGER 
In < hr with dry skin. 
Maximum danger of  

false sense of security 
 

 INCREASING DANGER 
 Danger from freezing of 
 exposed flesh within one 
 minute. 
 

 GREAT DANGER 
 Flesh may freeze within 30 seconds. 
 

Trench foot and immersion foot may occur at any point on this chart. 
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 Acclimatization – With exposure the body does undergo changes that will permit it to adjust to the 

cold weather better. 

 

 Dehydration – Water and salt loss magnifies conditions associated with hypothermia. Warm, sweet 

nonalcoholic fluids should be employed for fluid replacement. Soup, non-caffeinated drinks including 

decaffeinated teas, coffees, etc. are suitable for this purpose. 

 

 Diet – A balanced diet can provide the body with the necessary nutrients to aid in combating cold 

stress. Restrictive diets avoiding salts, carbohydrates, etc. may rob you of certain elements that you 

need. Caffeine and alcoholic drinks may increase the effects of a cold environment through the loss 

of water and salts. 

 

 Engineering Controls such as wind shields/barriers may be used to control the potential effects of 

cold stress. 

 

 Administrative controls such as worker rotation; work/warm regimens; required fluid intake; 

scheduling the work for warmer weather; assigning more workers to the task to complete it quicker. 

 

 Overall physical condition should always be considered when combating cold stress.  

- Older persons and those on certain medications (blood pressure control) are vulnerable to cold 

environment and cold stress disorders. 

 

 Environmental monitoring results will tell you if the conditions are such that cold related disorders can 

occur.  

- Biological monitoring will provide real time information as to the progression of the cold related 

disorders within your field crew. 

 

16.8.2.3 Monitoring  

 Core temperature 

- Ensure that it does not drop below 96.8ºF 

 

 Weight Loss  

- Monitoring weight loss may be indicative of water and salt loss through dehydration.  

- >1.5% changes in body weight are indicative of water loss. 

 
 Visual observation of signs and symptoms of overexposure. 
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16.8.2.4 Special Conditions - Evaluation and Control 

For exposed skin, continuous exposure should not be permitted when the air speed and temperature 

results in an equivalent chill temperature of -32C (-25.6°F).  Superficial or deep local tissue freezing will 

occur only at temperatures below -1C (30.2°F) regardless of wind speed. 

 

At air temperatures of 2C (35.6°F) or less, it is imperative that workers who become immersed in water 

or whose clothing becomes wet be immediately provided a change of clothing and be treated for 

hypothermia. 

 

TLVs recommended for properly clothed workers for periods of work at temperatures below freezing are 

shown in Table 16-5. 

 

Special protection of the hands is required to maintain manual dexterity for the prevention of accidents: 

 

 If fine work is to be performed with bare hands for more than 10-20 minutes in an environment below 

16°C (60.8°F), special provisions should be established for keeping the workers' hands warm.   

 

 For this purpose, warm air jets, radiant heaters (fuel burner or electric radiator), or contact warm 

plates may be utilized.   

 

Metal handles of tools and control bars should be covered by thermal insulating material at temperatures 

below -1°C (30.2°F). 

 

 If the air temperature falls below 16°C (60.8°F) for sedentary, 4°C (39.2°F) for light, -7°C (19.4°F) for 

moderate work and fine manual dexterity is not required, then gloves should be used by the workers. 

 

 To prevent contact frostbite, the workers should wear anti-contact gloves. 

 

 When cold surfaces below -7°C (19.4°F) are within reach, a warning should be given to each worker 

by the supervisor to prevent inadvertent contact by bare skin. 

 

 If the air temperature is -17.5°C (0°F) or less, the hands should be protected by mittens.   

 

 Machine controls and tools for use in cold conditions should be designed so that they can be handled 

without removing the mittens. 
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TABLE 16-5 
 

THRESHOLD LIMIT VALUES WORK/WARM-UP SCHEDULE FOR FOUR-HOUR SHIFT* 
 

Air Temperature - Sunny Sky No Noticeable Wind 5 mph Wind 10 mph Wind 15 mph Wind 20 mph Wind 

C (approx) F (approx) 
Max. Work 

Period 
No. of 
Breaks 

Max. 
Work 

Period 

No. of 
Breaks 

Max. Work 
Period 

No. of 
Breaks 

Max. Work 
Period 

No. of 
Breaks 

Max. Work 
Period 

No. of 
Breaks 

-26ºto -28º -15º to -19º (Norm 
Breaks) 

1 (Norm 

Breaks) 
1 75 min 2 55 min 3 40 min 4 

-29º to -31º -20º to -24º (Norm 
Breaks) 

1 75 min 2 55 min 3 40 min 4 30 min 5 

-32º to -34º -25ºto -29º 75 min 2 55 min 3 40 min 4 30 min 5 Non-emergency work 
should cease -35º to -37º -30ºto -34º 55 min 3 40 min 2 30 min 5 Non-emergency work should 

cease -38º to -39º -35º to -39º 40 min 4 30 min 1 Non-emergency work 
should cease -40º to -42º -40ºto -44º 30 min 5 Non-emergency work 

should cease -43º & below -45º& below Non-emergency work 
should cease 

 

NOTES: 

1. Schedule applies to moderate to heavy work activity with warm-up breaks of 10 minutes in a warm location.  For Light-to-Moderate Work (limited physical 
movement):  apply the schedule one step lower.  For example, at -35ºC (-30ºF) with no noticeable wind (Step 4), a worker at a job with little physical movement 
should have a maximum work period of 40 minutes with 4 breaks in a 4-hour period (Step 5). 

2. The following is suggested as a guide for estimating wind velocity if accurate information is not available:  5 mph: light flag moves; 10 mph:  light flag fully 
extended; 15 mph:  raises newspaper sheet; 20 mph:  blowing and drifting snow. 

3. If only the wind chill cooling rate is available, a rough rule of thumb for applying it rather than the temperature and wind velocity factors given above would be:  
(1) special warm-up breaks should be initiated at a wind chill cooling rate of about 1750 W/M2; (2) all non-emergency work should have ceased at or before a 
wind chill of 2250 W/m2.  In general, the warm-up schedule provided above slightly under-compensates for the wind at the warmer temperatures, assuming 
acclimatization and clothing appropriate for winter work.  On the other hand, the chart slightly over-compensates for the actual temperatures in the colder 
ranges, since windy conditions rarely prevail at extremely low temperatures. 

4. TLVs apply only for workers in dry clothing. 

 

* Adapted from Occupational Health & Safety Division, Saskatchewan Department of Labor. 
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 Provisions for additional total body protection are required if work is performed in an environment at 

or below 4°C (39.2°F).  The workers should wear cold protective clothing appropriate for the level of 

cold and physical activity: 

 

 If the air velocity at the job site is increased by wind, draft, or artificial ventilating equipment, the 

cooling effect of the wind should be reduced by shielding the work area or by wearing an easily 

removable windbreak garment. 

 

 If only light work is involved and if the clothing on the worker may become wet on the job site, the 

outer layer of the clothing in use may be of a type impermeable to water.   

 

 With more severe work under such conditions, the outer layer should be water repellent, and the 

outerwear should be changed as it becomes wetted.   

 

 The outer garments should include provisions for easy ventilation in order to prevent wetting of inner 

layers of sweat.   

 

 If work is done at normal temperatures or in a hot environment before entering the cold area, the 

employee should make sure that clothing is not wet as a consequence of sweating.   

 

 If clothing is wet, the employee should change into dry clothes before entering the cold area.   

 

 The workers should change socks and any removable felt insoles at regular daily intervals or use 

vapor barrier boots.   

 

 The optimal frequency of change should be determined empirically and will vary individually and 

according to the type of shoe worn and how much the individual's feet sweat. 

 

 If exposed areas of the body cannot be protected sufficiently to prevent sensation of excessive cold 

or frostbite, protective items should be supplied in auxiliary heated versions. 

 

 If the available clothing does not give adequate protection to prevent hypothermia or frostbite, work 

should be modified or suspended until adequate clothing is made available or until weather conditions 

improve. 
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16.8.2.5 Work - Warming Regimen 

If work is performed continuously in the cold at an equivalent chill temperature (ECT) or below -7°C 

(19.4°F), heated warming shelters (tents, cabins, rest rooms, etc.) should be made available nearby.  The 

workers should be encouraged to use these shelters at regular intervals, the frequency depending on the 

severity of the environmental exposure.  The onset of heavy shivering, frostnip, the feeling of excessive 

fatigue, drowsiness, irritability, or euphoria are indications for immediate return to the shelter.  When 

entering the heated shelter, the outer layer of clothing should be removed and the remainder of the 

clothing loosened to permit sweat evaporation or a change of dry work clothing provided.  A change of dry 

work clothing should be provided as necessary to prevent workers from returning to work with wet 

clothing.  Dehydration, or the loss of body fluids, occurs insidiously in the cold environment and may 

increase the susceptibility of the worker to cold injury due to a significant change in blood flow to the 

extremities.  Warm sweet drinks and soups should be provided at the work site to provide caloric intake 

and fluid volume.  The intake of coffee should be limited because of the diuretic and circulatory effects. 

 

For work practices at or below -12°C (10.4°F) ECT, the following should apply: 

 

 The worker should be under constant protective observation (buddy system or supervision). 

 

 The work rate should not be so high as to cause heavy sweating that will result in wet clothing; if 

heavy work must be done, rest periods should be taken in heated shelters and opportunity for 

changing into dry clothing should be provided. 

 

 New employees should not be required to work full time in the cold during the first days of 

employment until they become accustomed to the working conditions and required protective 

clothing. 

 

 The weight and bulkiness of clothing should be included in estimating the required work performance 

and weights to be lifted by the worker. 

 

 The work should be arranged in such a way that sitting still or standing still for long periods is 

minimized.   

 

 Unprotected metal chair seats should not be used.   

 

 The worker should be protected from drafts to the greatest extent possible. 
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 The workers should be instructed in safety and health procedures.   

 

 The training program should include as a minimum instruction in: 

- Proper rewarming procedures and appropriate first aid treatment. 

- Proper clothing practices. 

- Proper eating and drinking habits. 

- Recognition of impending frostbite. 

- Recognition of signs and symptoms of impending hypothermia or excessive cooling of the body 

even when shivering does not occur. 

- Safe work practices. 

 

Note: This information has been adopted from the 2010-1011 "Threshold Limit Values for Chemical 

Substances and Physical Agents and Biological Indices" by the American Conference of Governmental 

Industrial Hygienists (ACGIH). 

 

As conditions may vary, it will be at the discretion of the Field Operations Leader and the Site Safety 

Officer to temporarily suspend or terminate activities as conditions dictate.  All site activities will be 

terminated in the advent of electrical storms, tornadoes, and other hazardous weather conditions. 

 

Biological Monitoring 

Logistically, if you are anticipating conditions prevalent to heat and/or cold stress during upcoming field 

operations, make sure your First Aid kit contains provisions for heat/cold stress monitoring including: 

 

 Weight scale 

 Oral thermometer 

 Watch or stop watch for pulse and respiratory rate assessments. 

 

16.9 CRYSTALLINE SILICA MONITORING PLAN 

Based on the current scope of work, personnel will work with and have limited exposure to crystalline 

silica during well construction. However, safe work practices and material handling direction has been 

provided in the Activity Hazard Analysis (AHA) for this task. Therefore, a crystalline silica monitoring plan 

is considered - Not applicable. 
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16.10 NIGHT OPERATIONS LIGHTING PLAN 

Based on the current scope of work, all work will be conducted during daylight hours. Therefore, no 

supported means of illumination will be required or a Night Operations Lighting Plan will be required, 

therefore, are considered - Not applicable. 

 

16.11 FIRE PREVENTION PLAN 

Open flame sources or Hot Work will not be employed during the investigation activities. Still Combustible 

materials will be protected from heat, flames, and sparks by moving or covering them. Flammables will be 

kept in closed containers and safety cans will be used when required.  The site workers will have training 

on the use of portable fire extinguishers.  

 

Workers will only fight incipient stage fires. There will be at least one 2A:10B:C fire extinguisher at the 

work site. Fire extinguishers will also be located in each piece of mobile construction equipment and in 

the crew pickup trucks. The fire extinguishers are intended to fight only fires that have recently occurred 

and can be reasonably extinguished immediately. Workers will only attempt to fight a fire that can be 

reasonably extinguished within 30 seconds to 1 minute expelling only one portable extinguisher. The fire 

extinguishers are only sufficient to fight small fires. Fire extinguishers will be inspected by the SSO on a 

monthly basis (at a minimum). Fire Extinguisher Inspection shall include: 

 

 No apparent physical damage 

 Adequately charged (pressure in the green area) 

 Pin is in place along with Tamper indicator 

 Hydrostatic test is not greater than 12 years 

 If fire extinguisher are kept in cabinets of the truck the cabinet is marked and access to the 

extinguisher is not impeded by other storage articles. 

 Labels on the side of the unit are not defaced and provide adequate description for use. 

 

Additionally, all fire extinguishers will be inspected and serviced annually by a qualified professional. Any 

defective or partially used fire extinguisher will be red-tagged and taken out of service until such time that 

it can be serviced. Fire extinguishers will be secured or supported when transported and in storage. At 

the conclusion of field activities, extinguishers will be handled/shipped/disposed safely in accordance with 

DOT regulations (that preclude shipping via air carrier). Smoking is allowed only in areas designated by 

the SSO. 
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Fire Extinguisher Use 

ull the pin P

This will allow you to squeeze the handle to discharge the contents of the extinguisher. 

Remember:  The pin must be secured by a breakable anti-tampering device as part of your 

inspection protocol. 

im at the base of the fire A

It is the intent to place the extinguishing media at the point where it is intended to work. If you 

aim at the flames, the extinguishing agent will pass right through and do no good. 

queeze the top handle S

This depresses a button that releases the pressurized extinguishing agent. Apply in several light 

bursts to control the administration. These bursts may be extended as pressure is reduced and 

the application can be better controlled 

weep from side-to-side until the fire is completely out. S

Start using the extinguisher from a safe distance away and then slowly move forward.  Once the 

fire is out, keep an eye on the area in case it re-ignites. 

 

16.12 CRITICAL LIFT PLAN 

Based on the current scope of work, personnel will not engage in hoisting and rigging practices, therefore 

a Critical Lift Plan is considered - Not applicable. 

 

16.13 CONTINGENCY PLAN FOR SEVERE WEATHER 

The SSO will monitor the weather forecast daily. In preparation for an approaching storm, all equipment 

will be secured, and all doors and windows of the equipment will be closed. All tools and supplies will be 

stored in a designated secure location. 

 

The first measure is to be able to detect the presence of lightning or an approaching storm. NOAA 

Emergency Weather radios; lightning detection equipment are good choices. Some claim simple AM 
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Radios also will provide a static response when storms are approaching. Without supported systems, it is 

recommended that you employ the 30/30 Rule which simply is  

If there is less than 30 seconds between thunder and lightning go inside 

and stay inside until 30 minutes after the last thunder. 

 

When indoors stay away from electrical appliances and plumbing. Outdoors seek shelter in vehicles 

avoiding open and elevated areas, water and tall isolated objects.  The FOL and/or the SSO will make the 

determination to temporarily suspend work until such time the threat has passed. 

 

16.14 FLOAT PLAN 

Based on the current scope of work, personnel will not engage in activities over water, therefore a Float 

Plan is considered - Not applicable. 

 

16.15 SITE-SPECIFIC FALL PROTECTION & PREVENTION PLAN  

Based on the current scope of work, personnel will not engage in or work at elevated levels greater than 

4-feet in height, therefore a Fall Protection and Prevention Plan is considered - Not applicable. 

 

16.16 DEMOLITION PLAN 

Based on the current scope of work, personnel will not engage in or work in areas where demolition will 

occur, therefore a Demolition Plan is considered - Not applicable. 

 

16.17 EXCAVATION/TRENCHING PLAN  

Based on the current scope of work, personnel will not engage in or work in excavation and/or trenching 

activities, therefore an Excavation/Trenching Plan is considered - Not applicable. Personnel will engage in 

drilling to support monitoring well installation. Precautionary requirements including utility clearances have 

been addressed in this APP/SSHP. 

 

16.18 EMERGENCY RESCUE (TUNNELING) 

Based on the current scope of work, site personnel will not engage in or work nearby operations 

conducting tunneling. Therefore, provisions for emergency rescue for tunneling activities are considered - 

Not applicable. 
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16.19 UNDERGROUND CONSTRUCTION FIRE PREVENTION AND PROTECTION PLAN 

Based on the current scope of work, personnel will not engage in or work in excavation, trenching, or 

tunneling activities, therefore an Underground Fire Prevention and Protection Plan is considered - Not 

applicable. 

 

16.20 COMPRESSED AIR PLAN 

Personnel will not employ respiratory protection based on contaminants and contaminants concentration, 

therefore a Compressed Air Plan is considered - Not applicable. 

 

16.21 FORMWORK AND SHORING ERECTION AND REMOVAL PLANS  

Based on the current scope of work, personnel will not engage in or work in excavation, trenching, or 

tunneling activities. Therefore, Formwork and Shoring and Removal Plans are considered - Not 

applicable. 

 

16.22 PRECAST CONCRETE PLAN 

Based on the current scope of work, personnel will not engage in or work near operations installing Pre-

Cast Concrete, therefore, a Precast Concrete Plan is considered - Not applicable. 

 

16.23 LIFT SLAB PLANS 

Based on the current scope of work, personnel will not engage in or work near operations installing Pre-

Cast Concrete or slabs, therefore, a Lift Slab Plan is considered - Not applicable. 

 

16.24 STEEL ERECTION PLAN 

Based on the current scope of work, personnel will not engage in or work near operations conducting 

steel erection activities, therefore, a Steel Erection Plan is considered - Not applicable. 

 

16.25 SITE SAFETY AND HEALTH PLAN FOR HTRW WORK  

It is the objective of this investigation to determine if low level metals found in the subsurface soils also 

exists in the groundwater. It is the intent of this APP/SSHP to address the potential hazards and control 

measures to be employed to control incidental exposure. Based on the assessment of the low level 

concentrations, no remediation work, only sampling with limited potential for low level exposure. 

 



  Revision 2 
NS Great Lakes  July 2013 

 

Accident Prevention Plan/ 16-25 CTO F27A 
Site Specific Health and Safety Plan 

16.26 BLASTING SAFETY PLAN 

Based on the current scope of work, personnel will not engage in or work near operations conducting 

blasting activities, therefore, a Blasting Plan is considered - Not applicable. 

 

16.27 DIVING PLAN 

Based on the current scope of work, personnel will not engage in or work near operations conducting 

diving operations, therefore, a Diving Plan is considered - Not applicable. 

 

16.28 CONFINED SPACE PROGRAM 

Based on the current scope of work, personnel will not engage in or work near operations conducting 

confined space operations, therefore, a Confined Space Program and Plan is considered - Not applicable. 
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17.0  ACTIVITY HAZARD ANALYSIS 

Work conducted in support of this project will be performed using the Activity Hazard Analysis (AHA) 

process to guide and direct field crews on a task by task basis.  It is the SSO's responsibility to review the 

AHAs with the task participants as part of a pre-task tailgate briefing session.   

 

Daily safety meetings will be conducted during site work and the task-specific AHA(s) will be reviewed 

prior to initiating any field activities.  This effort will ensure that site-specific considerations and changing 

conditions are incorporated into the planning effort.  Use of the APP will provide the line of communication 

for reviewing task-specific hazards and protective measures associated with each operation.  The APP 

will be used as the primary reference for selecting levels of protection and control measures.   

 

The FOL and/or the SSO will be responsible for making the parties aware of the contents and 

requirements of the APP.  Any problems encountered with the protective measures required will be 

documented and brought to the attention of the SSO.   

 

As an ongoing quality assurance effort, the SSO will review operations to ensure the AHAs adequately 

address potential hazards for the tasks being conducted.  Where deficient, they will be corrected and that 

information shared with the field personnel.  Amended AHAs will be forwarded to the PHSO for inclusion 

in future APPs for similar activities.  



0 Tetra Tech, Inc. 

 

 

 

 

 
ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task: Site Mobilization/ 
Demobilization activities. 

Overall Risk Assessment Code (RAC)  (Use highest code) L 

Project Location: Naval Station Great Lakes Risk Assessment Code (RAC) Matrix 
Contract Number:  CTO F27A 

Severity Probability 
Site:    Site 12 
Date Prepared:  June 2013 Frequent Likely Occasional Seldom Unlikely 

Prepared by:    Tom Dickson, CSP 
Catastrophic E E H H M 

Critical E H H M L 

Reviewed by:   Clyde Snyder 
Marginal H M M L L 

Negligible M L L L L 
Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 

“Probability” is the likelihood to cause an incident, near miss, or accident 
and Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 

“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L = Low Risk 

JOB STEPS HAZARDS CONTROLS RAC 

Mobilization / 
Demobilization 
 
 Assembling 

equipment and 
supplies 

 General physical 
activites 

 Performing 
initial/exit 
inspections of the 
intended work areas 

 Arranging for 

1. Minor cuts, 
abrasions or 
contusions  

 

1. The use of knives when cutting has resulted in lacerations to workers’ 
hands, legs, and fingers. 
 Wear cut-resistant gloves when handling items with sharp or rough 

edges. 
 Use manufacturer-approved cutting tools.   
 Never rest an object on your knee or other part of your body when 

cutting.   
 Keep cutting tools sharp.  
 Cut away from yourself and others 
 Use a cut resistant glove at least on the non-knife hand. 

L 

2. Heavy lifting 
(muscle strains 
and pulls) 

1. Practice safe lifting techniques  
2. Use mechanical lifting devices such as a dolly whenever possible 
3. Ensure clear path of travel 
4. Keep the center of gravity as close as possible. 
5. Good grasp on object 

L 
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JOB STEPS HAZARDS CONTROLS RAC 

utilities, site access, 
notifying 
appropriate client 
contacts 

 Collecting and 
confirming 
applicable worker 
training and medical 
compliance 
documentation 

6. Perform "test lift" to gauge ability to safely make the lift 
7. Lift with legs, not back 
8. Obtain help when needed to lift large, bulky, or heavy items 
 
Reminders:  
 Only you can tell if you can lift something or not. Make the right decision. 
 Stretch in the morning before lifting to stretch and limber muscles.  
 Exercise caution in the afternoon when fatigue may set in.  
 Often injury does not occur as a result of weight but angle and position in 

relationship to the articles to be lifted. 

3. Utility Clearance 
 

1. Coordinate the Utility Request through NS Great Lakes Public Works 
Department. Submit utility clearance request to JULIE (Illinois One Call 
System)  

2. Allow 48-72 hours for JULIE clearance request. Walk the site look for 
surface monuments indicating the presence of subsurface utilities. Look 
for utilities exiting buildings and other structures. Don’t forget to look up 
and insure you have at least 20-feet clearance from overhead lines. 

3. Respect the marks – Prepare for passive detection methods to locate 
utilities within the approved Tolerance Zones of planned investigation 
points. 

4. Contact non-responders to the utility requests. 
5. Dig with care – Unmarked and abandoned lines still may be encountered. 
 
Reminders:  
 Your utility clearance ticket has a shelf life. Request and extension(s) 

before expiration. 
 Repaint marks as necessary to keep them visible. Mark these locations on 

site maps. 
 Prepare for emergencies. 

L 

4. Vehicular traffic  

1. Designate/demarcate vehicle and equipment staging areas. Where 
possible route traffic in a single direction. 

2. Place traffic cones, signs, and barrier tape to block or divert traffic.   
3. Inform all site personnel of heavy equipment areas and of their 

responsibility to stay clear of moving vehicles.   
4. In high traffic areas, wear high-visibility vests. 

L 
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5. Slips, trips and 
falls 

1. Clear ground hazards from the Drill – Soil boring/monitoring well location.  
2. Practice good housekeeping to keep the site clear of obstructions, 

equipment and other tripping hazards. 
3. Wear appropriate foot protection to prevent slips and trips.  
4. Use caution when working on uneven and wet surfaces. 

L 

6. Heat/Cold Stress 
1. It is always necessary for the field team to be aware of the signs and 

symptoms and the measures appropriate to prevent cold stress. 
2. This is addressed in detail in Section 16.8 of the APP. 

L 

7. Inclement weather 
 

1. In the event that adverse weather conditions arise (electrical storms, etc.), 
the FOL and/or the SSO will be responsible for temporarily suspending or 
terminating activities until hazardous conditions no longer exist. 

L 

EQUIPMENT TO BE USED INSPECTION REQUIREMENTS TRAINING REQUIREMENTS 

Hand tools (dollies, hand carts, hand knives, 
etc.) 

Visual inspection prior to use by 
user.   

 40-Hour HAZWOPER Training 
 8-Hour Annual Refresher Training  
 8-Hour Supervisory Training 
 Site Specific Training (Contents of this APP/SSHP) 
 Review of AHA during pre-task tailgate safety 

briefing with all intended task participants. 

Personal Protective Equipment: Minimum: 
Safety toe boots, safety glasses.  Optional 
items: Hardhat, hearing protection.  
Hazardous, Toxic, Radioactive Waste 
(HTRW): None anticipated for this task. 

Initial PPE inspection performed 
by SSO.  Ongoing (prior to each 
use) inspections responsibilities of 
PPE users. 

PPE training in proper use, care, storage, and 
limitations.  It is anticipated that this has been covered in 
employees’ 40 hour HAZWOPER training, which is to be 
verified by the SSO through initial training 
documentation and review prior to permitting personnel 
to participate in any onsite activities, and will be 
confirmed by visual observations of worker activities. 
The following are H&S program elements to be instituted 
as part of this scope of work 

 Hazard Communication 
 Hearing Conservation 
 Utility Clearance SOP 
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I have read and understand this AHA: 

 

Name (Printed) Signature Date 

   

   

   

   

 
 
 



Tetra Tech, inc. 

 
 

 

 
 

 

 
ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task: Soil Boring/ Monitoring Well 
Installation using Hollow Stem Auger (HSA). This 
activity will include logging the borehole.  
 

Overall Risk Assessment Code (RAC)  (Use highest code) H 

Project Location:  Naval Station Great Lakes Risk Assessment Code (RAC) Matrix 
Contract Number:  CTO F27A 

Severity 
Probability 

Site:    Site 12 Frequent Likely Occasional Seldom Unlikely 

Prepared by:   Tom Dickson, CSP 
Catastrophic E E H H M 

Critical E H H M L 

Reviewed by:   C. Snyder 
Marginal H M M L L 

Negligible M L L L L 
Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 

“Probability” is the likelihood to cause an incident, near miss, or accident and 
Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 

“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L= Low Risk 

JOB STEPS HAZARDS CONTROLS 
RAC 

Drill/DPT Rig set up 
and operation 

1. Transport and set up - 
Struck By 

1. Hard hats and high visibility vests for all personnel in work area. 
2. Control work area (use flaggers, signage, barricades, and/or other means) 

and restrict all non-essential personnel from the area.  
3. Inspect rig and ensure that all equipment, augers, rods and tools will be 

properly secured during transport.  

M 

2. Tip Over 1. Do not permit rig to attempt to traverse severely sloping terrain.   
2. Use a ground guide along with a functioning back-up alarm during 

equipment backing.   
3. Once rig is sited, deploy outriggers to properly block and level the rig and 

secure parking brake. 

L 

3. Slips, Trips, Falls 1. Clear ground hazards from the Drill/DPT location.   
2. Practice good housekeeping to keep the ground around the Drill/DPT site 

clear of obstructions, equipment and other tripping hazards. 
3. Wear appropriate foot protection to prevent slips and trips.  Use caution 

when working on uneven and wet ground surfaces. 

M 
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4. Minor cuts, or abrasions  1. When handling equipment and tools wear cut-resistant gloves when 
handling items with sharp or rough edges. 

L 

5. Heavy lifting (muscle 
strains and pulls) 

1. Practice safe lifting techniques (use mechanical lifting devices such as a 
dolly whenever possible. 

2. Ensure clear path of travel, good grasp on object, perform "test lift" to 
gauge ability to safely make the lift 

3. Lift with legs, obtain help to lift large, bulky, or heavy items. 
4. See Mobilization/Demobilization direction concerning safe lifting. 

L 

6. Insect bites 1. Shake out boots before donning.   
2. Where necessary, use insect repellants (products containing DEET should 

be applied to exposed skin, products containing Permethrin should be 
applied to clothing only.  Follow manufacturer’s recommendations for 
application). 

3. Where necessary, tape up pants leg to work boot joints with duct tape.  
Wear light-colored clothing to better see and remove any insects. Perform 
close body inspections at least daily upon leaving the site. 

Reminder: These instructions will be employed based on site-specific 
conditions. Most of the work activity will occur in improved maintained areas. As 
a result, insect activities may be insignificant. 

L 

7. Inclement weather 1. The FOL and/or the SSO will temporarily suspend outside activities in the 
event of electrical storms or high winds.  

2. It is preferred that supported systems such as lightning detection devices or 
emergency weather broadcasts are employed. 

3. However, when this is not possible field personnel should use the 30/30 
Rule:  
“If there is less than 30 seconds between thunder and lightning go inside 
and stay inside for at least 30 minutes after the last thunder.” 

M 

Drill Rig Operations 1. Traffic Control 4. When working in traffic areas (along roads, parking lots etc. – Must have at 
least 6-feet free space of travel) The area will be marked and controlled as 
follows: 

 Employ signs on the road entering Site 12 to warn approaching motorist. 
 Where possible close the area during planned activities. 
 Traffic cones will either block the area or surround the drilling or sampling 

site and be ringed with yellow barrier tape that states “DO NOT Enter”. 

M 
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 Warning signs will be posted stating “"MEN Working" 100’ in advance of 
the work area .  

 The exclusion zone for work on low speed roads or parking areas will 
be the area of the work site of known or suspected contamination.  
 Areas around wells/borings will have the potential for contaminants 

brought to the surface.   
 The exclusion zones for this project are 
 25-feet plus the height of the mast 
 During well installation those areas of the site where groundwater 

sampling, well development or slug testing or drilling is being 
performed, a designated area of at least 10 feet surrounding the 
work area.   

 2. Intermittent high noise 
levels  

1. Operators/nearby personnel are to wear hearing protection.   
2. FOL/SSO responsible for determining and designating when hearing 

protection is required.  Personnel shall employ the General Rule of Thumb 
- if noise levels are such that they must raise their voice in order to 
communicate with someone who is within arm’s reach (approx. 2’) of them, 
then hearing protection is required.  

3. Hearing protection is to consist of either ear muffs or ear plugs that have an 
NRR of at least 25 dBA. 

4. The Hearing Conservation Site-Specific Program element will be completed 
by the FOL/SSO. The regulatory standard 1910.95 will be posted and 
available to all employees. 

L 

3. Contact with equipment 
moving parts  

1. Ensure that workers are thoroughly trained and competent to perform their 
assigned task with the equipment used in investigation.   

2. Ensure that back-up alarms are functional on equipment.   
3. The equipment operators and Site Supervisors are responsible to ensure 

that the equipment is properly inspection prior to being permitted onsite.  
(see Equipment Inspection Checklist, Attachment III) 

4. Ensure that all moving parts are guarded if such parts are exposed. Insure 
all guards are properly adjusted. 

5. Check and or test all emergency stop controls. 

M 

4. Contact/striking 
underground or 
overhead utilities 

1. Movement of rig with mast raised will be strictly prohibited.   
2. Inspect for buried and overhead utilities in the vicinity of and surrounding 

the boring or monitoring well location.  Verify the location of utility lines in 

H 
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JOB STEPS HAZARDS CONTROLS 
RAC 

accordance with the Tetra Tech SOP Utility Location and Excavation 
Clearance (Attachment II).   Respect Tolerance zones, move investigatory 
point if possible. Where this is not possible, employ passive methods to 
positively locate the utilities. 

3. Pre-survey the height of equipment and height of utility lines to determine 
which lines must be isolated (electrically safe, shielded or moved or raised.  
Equipment should not come within 20 feet of existing overhead utility lines. 

5. Pressurized hydraulic 
lines could rupture, 
causing release of hot 
hydraulic fluid as well as 
potential fluid 
lacerations/injections.  

1. Inspect all hydraulic lines before placing rig in service.  
 Any damaged hoses or connections must be replaced before unit is 

used. 
 When inspecting hydraulic lines, use paper or cardboard to examine 

lines versus running your hands over the lines. Pinholes leaks will be 
immediately noticed on the cardboard. 

2. Immediately shut down equipment if lines rupture. 
 If rupture occurs, as quickly as possible, berm the liquid to minimize 

the area over which the liquid spreads.  
3. Ensure that all pressurized lines that do not have mechanical connections 

have whip checks. 

M 

6. Workers could trip or fall 
by the borehole 

1. Cap and flag open boreholes.  
2. If left unattended, protect all open boreholes as any open excavation. 
3. Insure all articles (stick ups) are adequately protected 

L 

Drill Rig service or 
maintenance 

1. Electrical shock 1. Turn ignition key to the off position and ensure engine powers off.   
2. Remove ignition key from ignition and lock it in the tool storage 

compartment or keep it in your pocket. 
3. Disconnect the positive battery cable from the battery and use fastener to 

secure it away from positive battery terminal.  
4. Follow steps in reverse to re-energize. 

L 

2. Hydraulic struck by 1. Turn ignition key to the off position and ensure engine powers off.   
2. Remove ignition key from ignition and lock it in the tool storage 

compartment or keep it in your pocket. 
3. Disconnect the positive battery cable from the battery and use fastener to 

secure it away from positive battery terminal.  
4. Lower or block hydraulic components. Reduce all potential energy to a zero 

mechanical energy state. Wait 5 minutes before servicing to allow hydraulic 

M 
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JOB STEPS HAZARDS CONTROLS 
RAC 

pressure to bleed back into hydraulic fluid reservoir.  
5. When completing hydraulic service, crack hydraulic fittings slowly to ensure 

hydraulic pressure has been released back into hydraulic reservoir. 
6. Follow steps in reverse to re-energize. 

Handling drill rods 
and augers 

1. Overhead hazards 1. All personnel within the radius of the Drill rig must wear ANSI approved hard 
hats. 

L 

2. Slips, Trips, Falls 1. Clear ground hazards from the location. 
2. Practice good housekeeping to keep the ground around the site clear of 

obstructions, equipment and other tripping hazards. 
3. Wear appropriate foot protection to prevent slips and trips.   
4. Use caution when working on uneven and wet ground surfaces. 
5. Keep a wide base and assure secure footing while attempting to handler 

auger flights and tooling. 

L 

3. Contusions, cuts, or 
abrasions 

1. When handling auger flights, tools or items with sharp or rough edges, wear 
cut-resistant heavy cotton or leather work gloves over nitrile surgeons. 

L 

4. Heavy lifting (muscle 
strains and pulls). 

1. Practice safe lifting techniques by using mechanical lifting devices such as a 
dolly whenever possible. 

2. Ensure clear path of travel. 
3. Have a good grasp on object. 
4. Perform "test lift" to gauge ability to safely make the lift. 
5. Lift with legs not back.  Obtain help when needed to lift large, bulky, or 

heavy items 

L 

Soil and subsurface 
soil sampling  

1. Chemical exposure - 
Metals 

1. Wear surgeons’ gloves when handling potentially-contaminated media and 
samples.   

2. Avoid contact with potentially-contaminated media to the extent possible. 
3. Practice good personal hygiene (hands and face washing) when exiting 

work area.   
4. Hand-to-mouth activities in the work area are prohibited (eating, drinking, 

smoking, etc.).   
5. Exposure via dermal contact and ingestion represent some limited concern 

during this task. 

L 
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JOB STEPS HAZARDS CONTROLS 
RAC 

2. Well construction 
materials 

1. Make sure material safety data sheets are onsite for all well construction 
materials. Persons unaware of these hazards will review the MSDS prior to 
use. 

2. Add grout to water or during water misting with a hose to minimize dust 
generation.  

3. Have an eye wash immediately available to flush eyes should incidental 
contact occur. 

4. Dump sand and bentonite slowly to avoid bridging and dust generation 
during well construction. 

5. Wear safety glasses when handling well construction materials. 
6. Keep the area around the well clean. Remove bags, trash, cut offs, etc. – 

Good housekeeping. 

L 

3. Cuts and lacerations  1. When cutting acetate liners, use the proper material handling devices 
2. Always cut away from yourself and others.  
3. Do not place items to be cut in your hand or on your knee.  
4. Change blades as necessary to maintain a sharp cutting edge as many 

accidents result dull cutting attachments.  
5. Wear cut-resistant gloves (leather or heavy cotton) at least on the non-

knife/saw hand, where possible.  
6. When cutting acetate liners use the tubing retention tub to secure the tube.  
7. Use the knife intended for that purpose.   
8. Geoprobe® makes a kit for this purpose. 

L 

EQUIPMENT TO BE USED 
INSPECTION 

REQUIREMENTS 
TRAINING REQUIREMENTS 

Drill Rig, bore rods, auger flights, acetate cutting device 
and sharp knives, hand tools (dollies, hand carts, etc.) 
Safety Equipment: 
1. A 2A:10B:C fire extinguisher readily available.  
2. Spill-control kit available at drilling location.  
3. First-aid kit, eyewash (meeting the ANSI Z358.1 

criteria), and an emergency air horn nearby.   
Monitoring Instruments: 
None 

Visual inspection 
prior to use by user.   
 
 

 40-Hour HAZWOPER Training 
 8-Hour Annual Refresher Training  
 8-Hour Supervisory Training 
 Site Specific Training (Contents of this 

APP/SSHP) 
 Review of AHA during pre-task tailgate safety 

briefing with all intended task participants. Review 
of AHA during pre-task tailgate safety briefing 
with all intended task participants.  

 Personnel must be trained in use of drilling 
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EQUIPMENT TO BE USED 
INSPECTION 

REQUIREMENTS 
TRAINING REQUIREMENTS 

equipment.  
 The Drill/DPT operator must have current 

certifications to operate the equipment.  
 

Personal Protective Equipment:  
Minimum: Safety toe boots, safety glasses, Hardhat, 
hearing protection, nitrile surgeon’s style gloves.  
Optional items:  Tyvek if there is a chance to soil 
clothing.  
HTRW: Metals 

Initial PPE inspection 
performed by 
FOL/SSO.  Ongoing 
(prior to each use) 
inspections 
responsibilities of 
PPE users. 

PPE training in proper use, care, storage, and limitations.  
It is anticipated that this has been covered in employees’ 
40 hour HAZWOPER training, which is to be verified by the 
FOL/SSO through initial training documentation and review 
prior to permitting personnel to participate in any onsite 
activities, and will be confirmed by visual observations of 
worker activities. 
MSDSs for all drilling supplies will be collected reviewed 
and approved for use by the SSO. 

 
I have read and understand this AHA: 

Name (Printed) Signature Date 
   

   

   

   

   

 



0 Tetra Tech, Inc. 

	r  

 

 

 

 

 
ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task:  MacroCore – Lithological 
Descriptions -  MacroCores will be collected for the 
purpose of determining lithological descriptions, 
however, no soil sampling will occur as part of this 
activity. 

Overall Risk Assessment Code (RAC)  (Use highest code) L 

Project Location:  Naval Station Great Lakes 

Contract Number:  CTO F27A 
Severity 

Probability 
Site:    Site 12 Frequent Likely Occasional Seldom Unlikely 

Date Prepared:  June 2013 
 

Catastrophic E E H H M 

Prepared by:    Tom Dickson, CSP Critical E H H M L 

Reviewed by:   Clyde Snyder 
Marginal H M M L L 

Negligible M L L L L 
Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 

“Probability” is the likelihood to cause an incident, near miss, or accident 
and Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 

“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L= Low Risk 

JOB STEPS HAZARDS CONTROLS 
RAC 

Soil sampling  1. Chemical exposure 
(VOC’s and Metals) 

1. Wear surgeons’ gloves when handling potentially-contaminated media and 
samples.   

2. Avoid contact with potentially-contaminated media to the extent possible. 
3. Practice good personal hygiene (hands and face washing) when exiting 

work area.   
4. Hand-to-mouth activities in the work area are prohibited (eating, drinking, 

smoking, etc.).   
5. Exposure via dermal contact and ingestion represent some limited concern 

during this task. 

L 

2. Cuts and lacerations 1. Always cut away from yourself and others.  
2. Do not place items to be cut in your hand or on your knee.  
3. Change blades as necessary to maintain a sharp cutting edge as many 

accidents result dull cutting attachments.  
4. Wear cut-resistant gloves (leather or heavy cotton) at least on the non-

knife/saw hand, where possible.  

L 
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JOB STEPS HAZARDS CONTROLS 
RAC 

5. When cutting acetate liners use the tubing retention tub to secure the tube.  
6. Use the knife intended for appropriate purpose. 

3. Slips, Trips, Falls 1. Maintain good housekeeping in IDW storage areas 
2. Keep it clear of loose debris and other potential tripping hazards 
3. Wear appropriate foot protection to prevent slips and trips. 
4. Use caution when working on uneven and wet ground surfaces. 

L 

4. Inclement weather 1. The FOL and/or the SSO will temporarily suspend outside activities in the 
event of electrical storms or high winds.  

2. It is preferred that supported systems such as lightning detection devices or 
emergency weather broadcasts are employed. 

3. However, when this is not possible field personnel should use the 30/30 
Rule:  
 “If there is less than 30 seconds between thunder and lightning go inside 

and stay inside for at least 30 minutes after the last thunder.” 

L 

EQUIPMENT TO BE USED 
INSPECTION 

REQUIREMENTS 
TRAINING REQUIREMENTS 

Hand and sampling tools 
Acetate tube retention tub 
 
Personal Protective Equipment: 
Minimum: Safety toe boots, safety glasses 
Optional items:  

 
Monitoring Instruments: 
PID 

Visual inspection 
prior to use by user.   
 
PID must be 
calibrated as per the 
manufacturer’s 
recommendations 
and documented on 
each use, if used as 
part of the sample 
screening process. 

Review of AHA during pre-task tailgate safety briefing with 
all intended task participants.  
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EQUIPMENT TO BE USED 
INSPECTION 

REQUIREMENTS 
TRAINING REQUIREMENTS 

Personal Protective Equipment: Minimum: Safety toe 
boots, safety glasses.  Optional items: Hardhat, hearing 
protection Nitrile surgeon’s style gloves and Tyvek if 
there is a change to soil clothing.  
HTRW: benzene 

Initial PPE inspection 
performed by SSO.  
Ongoing (prior to 
each use) 
inspections 
responsibilities of 
PPE users. 

PPE training in proper use, care, storage, and limitations.  
It is anticipated that this has been covered in employees’ 
40 hour HAZWOPER training, which is to be verified by the 
SSO through initial training documentation and review prior 
to permitting personnel to participate in any onsite 
activities, and will be confirmed by visual observations of 
worker activities. 

 
I have read and understand this AHA: 

Name (Printed) Signature Date 
   

   

   

   



J 

 

 

 

 

 ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task:  
Monitoring Well Development, Groundwater Measurements, Groundwater 
Sampling Using a Peristaltic Pump.  

Overall Risk Assessment Code 
(RAC)  (Use highest code) 

L 

Project Location:  Naval Station Great Lakes Risk Assessment Code (RAC) Matrix 
Contract Number:  CTO F27A 

Severity Probability 
Site:    Site 12 Frequent Likely Occasional Seldom Unlikely 

Date Prepared:  June 2013 Catastrophic E E H H M 

Prepared by:    Tom Dickson Critical E H H M L 

Reviewed by:   Clyde Snyder 
Marginal H M M L L 

Negligible M L L L L 
Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 

“Probability” is the likelihood to cause an incident, near miss, or accident and 
Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 

“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L = Low Risk 

ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

1. Groundwater 
measurements; well 
development, and 
groundwater sampling - 
Site preparation and set 
up. 

1. Biological hazards 
Terrain challenges; slip trip, 
and falls; struck by -  
Free space for travel 

1. Initial site preparations were critical during the mobilization phase in the 
identification, barricading or removal of hazards that may exist and hence the 
protection of site personnel and resources. Personnel moving to their sample 
locations will repeat this process to ensure they are aware of hazards within their 
immediate work area 
 Perform a site walk over The hazards types include 

o Terrain challenges – Paths for vehicle and pedestrian movement will travel, 
fence physical barriers, etc. 

o If flush mount are used they will be of adequate strength to support personnel 
and vehicle movement 

 Once the site is set up provisions for adequate Emergency Access/Egress shall 
be maintained to allow emergency vehicles passage if required. 

 

L 

2. Groundwater 
measurements; well 
development, and 
groundwater sampling - 
Site preparation and set 
up. 
Well purging and 

2. Minor cuts, abrasions or 
contusions handling 
equipment and tools 
 

2. Use hand tools that are in good condition.  Hand tool users must be familiar with 
their proper use and must use them only in a manner that is consistent with their 
intended operation. As indicated earlier, the users will be responsible for inspecting 
tools prior to use. Additional measures include: 
 When cutting tubing cut away from yourself and not towards others 
 It is recommended that scissors be used to cut tubing versus knives. Where this 

L 
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ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

development 
Collection of 
groundwater samples 
(via small battery-
operated pumps such 
as peristaltic pumps 
through groundwater 
quality instruments and 
placement into sample 
containers 

is not possible, wear a leather glove on your non-knife hand. 
 Sample glassware should be transported in hard sided containers such as 

coolers, that way if you fall the likelihood of falling onto glassware causing 
lacerations and punctures are greatly minimized. 

 Do not throw broken glass directly into the trash. Place it into a hard sided 
container such as a cardboard box. That way when you are transporting the 
garbage bag to the waste receptacle it will not cut through the bag and potentially 
cause lacerations. 

 Do not arbitrarily reach into the trash to retrieve something. Dump it out onto a flat 
surface. This will minimize potential punctures if someone else has thrown sharp 
articles into the trash. 

3. Groundwater 
development/ sampling 
– preparation 
(continued) 
 
 

3. Knee injuries –  
Much of the sampling 
activities will require the 
sampler to get on the 
ground (flush mounts). 
When monitoring wells are 
installed as flush mounts 
this requires personnel to 
kneel to open wells, take 
groundwater level 
measurements, etc. This 
could result in knee injuries 
from kneeling on 
stones/foreign objects and 
general damage due to 
stress on the joints. 

3. Knee injuries –To combat this hazard,  
 Personnel should clear the pad of any debris 
 Personnel will wear hard sided knee pads.  

 
 

L 

4. Well Development/ 
Well purging prior to 
sampling 
 

4. Electrical hazards/ 
Entanglement 

 
Electrical hazards – This 
hazard exists only when 
connecting to vehicle 
batteries. It does not exist 
when using sealed batteries 
or the 12v power plug 

4. When possible use the 12V power connection such as the cigarette lighter or 
provided 12v power inlet. When this is not possible: 
 Shut the vehicle off to avoid entanglement in spinning blades and belts. Secure 

hoods, hood strings, jewelry or any other item that can become entangled. 
Electrical 
 Wearing leather gloves and safety glasses, at arm’s length, do not place your 

face over the battery, connect negative terminal first, then positive. 
 

L 

4. IDW accumulation 
– Purge and 
development waters 
 

4. Lifting hazards 4. Practice safe lifting techniques (use mechanical lifting devices such as a dolly 
whenever possible, ensure clear path of travel, good grasp on object, lift with legs not 
back, and obtain help when needed to lift large, bulky, or heavy items). Fill buckets 
and drums only to 80% which is manageable. Place lids on during transport. 

L 
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ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

Remember if you must carry articles to the sample locations because vehicle access 
is not possible a cart or wagon is recommended for transport. 
 

5. Sampling existing 
wells 

5. Gases and vapor build 
up 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chemical Contaminants –  
Low levels metals including 
 Lead, copper, 

antimony, and zinc 
 Low levels PCB 

contamination 

5. The potential for existing wells to build and accumulate gases and vapors exists. 
To combat, physical hazards of struck by and chemical exposure hazards during 
groundwater sampling or well development, the following measures should be 
conducted to minimize contaminant exposure: 
 At arm’s length, open the well and remove the J-Plug and retreat. During this 

time, the well may off gas, but it will also allow the water levels to reach 
equilibrium once pressure is removed.  

 Prepare your equipment. 
 Set up your sampling station from an upwind position. 
 The lid on the discharge bucket or drum should be placed loosely to allow the 

collection of the water but to contain any volatiles stripped during discharge.  
 Wear nitrile surgeon’s gloves during sample equipment deployment, sample 

collection, and removal as applicable.   
 Use good work hygiene practices including  

o Minimizing hand to mouth contact during this sample collection period. 
o Flushing disposable tubing out and wiping down the exterior as it is 

extracted prior to disposal. 
 Sample collection buckets and flow through cells should be placed in a mortar tub 

or similar secondary containment to minimize incidental release during collection 
and transportation to the disposal area 

 Wrap or bag all contaminated pumps and tubing for transport. Decontaminate as 
soon as possible. DO NOT allow contaminated equipment or tubing to off gas in 
your vehicle. Keep the bag sealed and get it cleaned. 

 
Given the nature of the contaminants (low level metals) exposure during these 
activities are considered negligible. Air monitoring for metals contaminants will not be 
conducted. 
It is not anticipated that field personnel will be impacted by emissions associated with 
these contaminants.  

L 

6. Collecting the 
sample 

6. Corrosives (acids and 
bases); toxic sample 
preservatives;  
 
 
 

6. Sample preservatives are corrosive. For metals that preservative is  
 Nitric acid – metals 

This substances are used to minimize microbial degradation while not impacting the 
sample quality. The problem with these substances is that they are corrosive and will 
degrade steel and human tissue or are toxic. These substances are presented in very 
small concentration. By following the guidelines provided in the 
Mobilization/demobilization AHA including 

 Completing the onsite Hazard Communication Program – Know the hazards 

L 
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ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

and how to prevent them. Review the MSDS;  
 Provide for the emergency (flushing) even if it is using drinking water to flush 

a contact point;  
 Wear proper PPE – When opening sample bottles wear nitrile surgeons 

gloves and safety glasses 
 Store containers in the upright position. 
 Hold over your secondary containment when opening. 
 Do not place your face over the bottles during collection as they may off gas 

or reactive with contaminants in the water. 
 
By practicing these simple measures, you can minimize if not eliminate these hazards. 

 
It is the intent that through the use of the small 1-liter eyewash solutions, to offer 
immediate aid during removal and transport to the medical provider.  Bottled drinking 
water may also be used in an emergency when additional solution is needed until 
medical support is achieved. The eyewash units onsite will be  

 Immediately accessible during sampling. 
 Inspected once/week 
 Replaced when expired 
 Maintain these solutions accessible but out of direct sunlight – No one wants 

to flush their eyes with hot or cold solutions. 

7. Closing up the well 
after sampling 

7. Security risks; slip trip, 
and fall hazards; cross 
contamination 

7. Many of the measure have been discussed concerning minimizing potential 
chemical contaminant contact including  

 Using mortar tubs as secondary containment 
 Sealing buckets during storage and transport in your vehicle. 
 Minimizing the amount in the bucket to 80% to control potential lifting 

hazards. 
To secure access to groundwater water 

 J-Plugs will be installed and adequately tightened. If it does not function, 
replace it. 

 Use a pad lock to secure the protective casing (stick ups) or the J-plug for 
flush mounts. 

 Bolts along with neoprene seals will be replaced and the flush mount cap 
tightened to provide an adequate seal, yet not over tighten. 

 All items that were in the well that will be removed such as the groundwater 
level indicator will be wiped down with a towel and deionized water during 
extraction. Between the wells to be sampled, the tape segment exposed to 
the groundwater will be subjected to a soap and water wash and rinse, prior 
to moving to the next well. 

 All wells will be sufficiently secured to ensure no outside tampering occurs. 

L 
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EQUIPMENT TO 

BE USED 

 
INSPECTION 

REQUIREMENTS 

 
TRAINING REQUIREMENTS 

 
Peristaltic pumps; dedicated or disposable 
tubing Groundwater quality measurement 
devices; groundwater measurement devices; 
turbidity meter; buckets with lids including 
temporary labels; Teflon or Teflon lined 
tubing; surgical grade silicone tubing. 

Electrical connections, wiring, 
tubing connections; pressurized 
connections; compressed gas 
cylinder safety awareness 

The FOL will direct personnel on the procedure to be employed to collect 
groundwater samples. General operating/demonstrated skill of the sampling 
technician per the SOP for groundwater sampling and/or well development 
should be assessed by the FOL. Instruction should be provided as 
necessary. 

Personal Protective Equipment: Minimum:  
Safety Glasses; steel toed/shank footwear; 
leather/canvas work gloves for site set up. 
 
Nitrile surgeons or nitrile outer gloves will be 
utilized when handling clean and 
contaminated tubing or sampling equipment. 
 
Optional items:  
Hard hats, High visibility vests are 
recommended for these activities in high 
traffic areas.   

None required 
 

All personnel  

 40-Hour General Site Worker Training [OSHA 29 CFR 1910.120 (e)] 

 8-Hour General Site Worker Refresher Training [OSHA 29 CFR 
1910.120 (e)(8)] 

 Site Specific Training – All personnel shall be instructed and attest to 
the review and understanding of this HASP prior to the commencement 
of on-site activity. 

 Periodically, Tailgate Training Sessions will be conducted to review 
activities in progress, results of site surveys, and upcoming tasks. It is 
recommended that AHAs be reviewed prior to conducting the identified 
task, as well as, updating this AHA to include site-specific information. 

 Review applicable MSDSs if you are unaware of the hazards and 
recommended control measures for sample preservatives. 

 
Supervisory personnel: 
8-Hour General Site Worker Supervisory Training [OSHA 29 CFR 1910.120 
(e)(4)] 
 
SSO shall collect MSDSs for all sample preservatives employed in this 
sampling effort. 

 
All persons will sign this AHA indicating that they have reviewed the document and are aware of their responsibilities as stated in the AHA.  
 

Name (Printed) Signature Occupation Date Reviewed/Training 
    

    

    

    



Tetra Tech, Inc. 

 

 

 

ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task:  Decontamination 
Overall Risk Assessment Code (RAC)  (Use highest code) L 

Project Location:  Naval Station Great Lakes 

Contract Number:  CTO F27A 
Severity 

Probability 
Site:    Site 12 Frequent Likely Occasional Seldom Unlikely 

Date Prepared:  June 2013 Catastrophic E E H H M 

Prepared by:    Tom Dickson Critical E H H M L 

Reviewed by:   Clyde Snyder 
Marginal H M M L L 

Negligible M L L L L 
Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 

“Probability” is the likelihood to cause an incident, near miss, or accident 
and Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 

“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L= Low Risk 

JOB STEPS HAZARDS CONTROLS RAC 

Personal Decontamination 
 Equipment drop 
 Segregated removal of 

PPE (wash and rinse 
reusable items, dispose 
of non-reusable items) 

1. Slips, Trips, Falls 1. Clear intended decon area location of ground hazards.   
2. Practice good housekeeping to keep the site clear of obstructions, 

materials, equipment and other tripping hazards.   
3. Wear appropriate foot protection to prevent slips and trips.   
4. Use caution when working on uneven and wet ground surfaces. 

L 

2. Exposure to 
contaminated 
media 

1. Follow good decontamination practices (work from top down and outside 
in).   

2. Nitrile gloves are to be the last item of PPE removed.   
3. Wash hands and face following personal decontamination and prior to 

performing any hand-to-mouth activity. 
4. D Wipes are hand towelettes specifically for removing lead and other 

heavy metals. These may be used for common surfaces as well. 

L 

Decontamination of 
sampling equipment  

1. Slips/trips/falls 1. Keep decon areas orderly. Maintain good housekeeping practices L 

2. Exposure to 
contaminated 
media 

 Exposure to  
 decontamination 
solvents 

1. Follow good decontamination practices (manually remove gross 
contamination prior to washing to reduce splash potential. 

2. Review MSDSs for decontamination solutions and solvents. 
3. Wear safety glasses, surgeons gloves under an outer nitrile, impermeable 

apron if there is a potential for soiling/ saturation of work clothes to 
minimize contact with contaminants and solvents employed. 

4. Practice good personal hygiene and diligent personal decontamination 

L 
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JOB STEPS HAZARDS CONTROLS RAC 

procedures to minimize potential contact.   
5. Wash hands and face following personal decontamination and prior to 

performing any hand-to-mouth activity. 

1. Site set up 
Decontamination of non-
dedicated hand tools and 
equipment can take place 
onsite or at a centralized 
location. 
 

1. Slips trips and fall 1. Slips trips and falls – To prevent these types of hazards the following 
measures will be incorporated: 
 Station placement – Keep the decon station far enough back from the 

operation to allow room to work. 
 Practice Good housekeeping – Keep tubing and tools gathered and 

organized to prevent a tripping hazard. 
 Do not lay items around on the floor or ground where someone could step 

on them and go down. 
 Clear other obstructions in the area that may present trip hazards. 

L 

2. Decon procedure 
Decontamination will 
include: 
a) Washing residual soils 

from the drill rig and 
hand tools using a 
soap/water solution. 
prior to disposal as 
general refuse. 

2. Hazard 
Communication 
 
 
 

 

2. The SSO will complete the Site Specific Hazard Communication Program. 
This includes  
 Recording chemicals employed onsite for decontamination onto a 

Chemical Inventory List 
 MSDSs are available to all personnel and they are aware of the hazards 

associated with each. 
 The SSO has reviewed the documents for completeness and have also 

determined if there are additional equipment (PPE and/or Emergency 
equipment) that is needed. 

L 

Decontamination – High Pressure 

Decontamination of heavy 
equipment and large 
tooling (e.g.,  vehicles, 
etc.) using pressure 
washer 

3. Noise 3. Pressure washer operator must wear hearing protection (muffs or plugs 
with NRR of at least 25 dBA) 

M 

4. Flying projectiles/ 
water lacerations 

4. Control measures include 
 Restrict other personnel from decon pad during pressure washing 

operations.   
 Pressure washer operator must exercise care when directing the wand so 

that it is not pointing at himself/herself or at any other worker.   
 Restrict pressure washer to 3000 psi with not less than 15˚ deflection tip 
 Pressure washer operator must wear full face shield over safety glasses 

with side shields and brow protection.   
 At SSO discretion, additional PPE consisting of hardhat, rain suit or apron, 

and or boot covers may be required during heavy equipment decon 
operations  

 

M 
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JOB STEPS HAZARDS CONTROLS RAC 

Depending on observations indicating that significant contact with decon 
overspray and/or windy conditions during washing activities.  

5. Falling objects 5. Control measures include: 
 Place items to be decontaminated on ground or on washing/drying racks in 

a manner that they are secure and will not fall.   
 Wear safety toe safety footwear. 

L 

 6. Slips, trips, and falls 6.  To control slips , trips, and falls 
 Keep hoses gathered when not in use. 
 Configure decon pad so the hoses maybe be run in an area not employed 

by pedestrian (employee) traffic. 
 As a tarp or plastic containment will be placed on the ground to serve as 

containment, this may become slippery. Where necessary apply a light 
coating of sand to enhance traction. 

 Keep waters collected in the pad pumped to a minimal level as not to 
disguise trip hazards. 

L 

EQUIPMENT INSPECTION TRAINING 

Hand tools (hand brushes, 
garden sprayers, etc.) 

Visual inspection prior to use by 
user.  Check wooden handles for 
cracks or splinters. 

None required. 

Personal Protective 
Equipment: Minimum:  
Safety toe boots, safety 
glasses  Face shield Optional 
items:  Hardhat, hearing 
protection. 
HTRW:  none 

Initial PPE inspection performed by 
SSO.  Ongoing (prior to each use) 
inspections responsibilities of PPE 
users. 

OSHA 40 Hazardous Waste Operations and Emergency Response 
(HAZWOPER) training, plus appropriate 8-hour annual refresher 
training for all task participants.  Supervisors must have completed 
additional 8 hours of HAZWOPER training.  Also Review of AHA during 
tailgate safety briefing with the intended task participants. 
 
PPE training in proper use, care, storage, and limitations.  It is 
anticipated that this has been covered in employees’ 40 hour 
HAZWOPER training, which is to be verified by the SSO through initial 
training documentation and review prior to permitting personnel to 
participate in site activities, and will be confirmed by visual observations 
of worker activities. 
 
The SSO shall collect MSDSs for all detergents/solvents employed in 
the decontamination process. These shall be reviewed and approved 
for use prior to  
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I have read and understand this AHA: 

 

Name (Printed) Signature Date 

   

   

   

   

 

 

 



 

 

PRESSURE WASHER SAFE WORK PRACTICES 

 Make sure to check the engine oil level each time you use your pressure washer.  
 

 When changing or adding oil, do not overfill the engine crankcase. Overfilling oil may cause 
smoking, hard starting, spark plug fouling, and oil saturation of the air filter.  

 
 Do not run the pressure washer before connecting and turning on the water supply failing to do so 

will result in damage to the pump.  
 

 Always keep the high-pressure hose connected to both the pump and the spray gun while the 
system is pressurized.  

 
 Never refuel a hot or running engine. Wait at least two minutes for the engine to cool before 

refueling.  
 

 Do not secure the spray gun trigger in the spray position.  
 

 Never adjust the spray pattern or change a spray tip while spraying.  
 

 Never attempt to repair a damaged high-pressure hose. If the high-pressure hose is damaged, 
replace with a new one. 

 
 Always read and follow the operator’s manual and all operating instructions.  

 
 Assume a solid stance and firmly grasp the spray gun with both hands to avoid injury if the gun 

kicks back before squeezing the spray gun trigger.  
 

 High-pressure spray can cut through skin. Never spray people or animals, as injury will result.  
 

 Use extreme caution when spraying near power lines, service feeds, and electrical meters.  
 

 Keep the nozzle spray away from electrical wiring and windows.  
 

 Most importantly, always wear goggles when using a pressure washer or when in the vicinity of 
the equipment in use. The high-pressure spray can cause paint chips or other particles to 
become airborne.  

 
 Spray gun traps high water pressure, even when engine/motor is stopped and water is 

disconnected. ALWAYS point spray gun in safe direction and squeeze spray gun trigger, to 
release high pressure, every time you stop engine/motor. Engage trigger lock when not in use. 
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ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task: Investigative Derived Waste 
(IDW) Management Overall Risk Assessment Code (RAC)  (Use highest code) L 
Project Location:  Naval Station Great Lakes 

Contract Number:  CTO F27A 
Severity 

Probability 
Site:    Site 12 Frequent Likely Occasional Seldom Unlikely 

Date Prepared:  June 2013 Catastrophic E E H H M 

Prepared by:    Tom Dickson Critical E H H M L 

Reviewed by:   Clyde Snyder 
Marginal H M M L L 

Negligible M L L L L 
Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 

“Probability” is the likelihood to cause an incident, near miss, or accident 
and Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 

“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L= Low Risk 

JOB STEPS HAZARDS CONTROLS RAC 

Filling, moving 55-gallon 
drums of IDW 

1. Heavy lifting 
 
 
 
 
 
2. Struck by/pinches 

compressions 
 
 
3. Falling objects (drums) 
 
 
 
4. Slips, Trips, Falls 
 
 
 
 
5. Foot hazards 
 
 

1. Practice safe lifting techniques (use mechanical lifting devices 
such as a dolly whenever possible, ensure clear path of travel, 
good grasp on object, perform "test lift" to gauge ability to safely 
make the lift,  lift with legs not back, obtain help when needed to 
lift large, bulky, or heavy items). 

 
2. Exercise caution when handling drums.  Position drums so that 

there is adequate room between them for placement and 
repositioning. 

 
3. Do not stack drums on top of each other.  Do not place more 

than 4 drums to a pallet.  Leave at least 4 ft. of clearance 
between pallets for clear access. 

 
4. Maintain good housekeeping in IDW storage areas, keeping it 

clear of loose debris and other potential tripping hazards.  Wear 
appropriate foot protection to prevent slips and trips.  Use caution 
when working on uneven and wet ground surfaces. 

 
5. Safety toe foot protection will be required for IDW container 

handling activities. 
 

L 
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JOB STEPS HAZARDS CONTROLS RAC 

6. Strains/sprains due to heavy 
lifting 

 
 
 
7. Minor contusions, abrasions, 

cuts  

6. Practice safe lifting techniques (use mechanical lifting devices 
such as a dolly whenever possible, ensure clear path of travel, 
good grasp on object, lift with legs not back, and obtain help 
when needed to lift large, bulky, or heavy items). 

 
7. Wear cut-resistant gloves when handling items with sharp or 

rough edges. 

EQUIPMENT INSPECTION  TRAINING 

Hand tools (drum dollies, wrenches, etc.) Visual inspection prior to use 
by user.  Check wooden 
handles for cracks or splinters. 

All personnel participating in this activity must be current 
with HAZWOPER training requirements. 

Personal Protective Equipment: Minimum: 
Safety toe boots, safety glasses Optional 
items: Hardhat, cotton or leather work gloves. 
 
HTRW: Wipe down the outside of the 
containers when filling is complete. If contact 
with IDW is likely, wear chemical-resistant 
coveralls (e.g., Tyvek) or aprons and surgeon’s 
nitrile gloves under leather/cotton work gloves. 

Initial PPE inspection 
performed by SSO.  Ongoing 
(prior to each use) inspections 
responsibilities of PPE users. 

PPE training in proper use, care, storage, and limitations.  It 
is anticipated that this has been covered in employees 40 
hour HAZWOPER training, which is to be verified by the 
SSO through initial training documentation and review prior 
to permitting personnel to participate in site activities, and 
will be confirmed by visual observations of worker activities. 

 
I have read and understand this AHA: 

 

Name (Printed) Signature Date 
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 ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task: Land Surveying Overall Risk Assessment Code (RAC)  (Use highest code) M 

Project Location:  Risk Assessment Code (RAC) Matrix 
Contract Task Order Number:  

Severity 
Probability 

Date Prepared:  June 2013 Frequent Likely Occasional Seldom Unlikely 

Prepared by:   T. Dickson, CSP 
Catastrophic E E H H M 

Critical E H H M L 

Reviewed by:   Clyde Snyder 
Marginal H M M L L 

Negligible M L L L L 
Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 

“Probability” is the likelihood to cause an incident, near miss, or accident and 
Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 

“Severity” is the outcome/degree if an incident, near miss, or accident did occur 
and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L = Low Risk 

ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

1. Mobilization to the site. 1. Driving 1. See Mobilization/demobilization AHA for control measures 
pertaining to 
 Driver qualifications 
 Distracted driving control measures 
 What to do if you are in an accident 

L 

2. Placement of vehicle 2. Struck by – Traffic hazards 2. Struck by 
To minimize potential Vehicle Traffic Hazards 
 Be extremely cautious around heavy and/or other fast-moving 

equipment. Remember there are many blind spots in and 
around drill rigs and support vehicles. They may not see you 
or your equipment. 

 DO NOT place obstructions along the sides of the service or 
access roads that may cause personnel to move into the flow 
of traffic. Provide a required Free Space of Travel. This 
includes your support vehicle. 

 Required “Free Space”: Maintain at least 6-feet of space 
between you and moving traffic.  

 Where this is not possible, use flaggers and/or signs to warn 

M 



ACTIVITY HAZARD ANALYSIS 
Land Surveying 
Page 2 of 6 
 

 

 

ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

oncoming traffic of activities near or within the travel lanes. 
 Face Traffic: Whenever feasible, if you must move within the 

6-feet of required space, or into traffic attempt to face moving 
traffic at all times. Always leave yourself an escape route. 

 Wear High Visibility Vests to increase visual recognition by 
motorist. 

 Do not rely on the operator’s visibility, judgment, or ability. 
Make eye contact with the driver.  

 Carefully and deliberately use hand signals so they will not 
startle or confuse motorists or be mistaken for a flagger’s 
direction before moving into traffic. 

 Move Deliberately: Do not make sudden movements that 
might confuse a motorist. 

 Avoid where possible interrupting Traffic Flow: Minimize 
crossing traffic lanes. 

 Warning signs shall be placed indicating surveyors working 
from all approach venues where applicable. 

 
Where free space of travel cannot be maintained a Traffic Control 
Plan will be required. This not anticipated. 
 

3. Surveying 3. Surveying – Distraction - One 
of the most hazardous conditions 
persons will encounter during this 
activity is distraction for both groups 
including the motorist and the 
surveyors. The surveyors take their 
mind of the traffic hazards as they 
become absorbed in the surveying 
aspect (mathematical calculations), 
in some cases due to the 
complexity of the task. When they 
take their mind off hazard at hand 
and they place themselves into 
dangerous positions, such as 
placing themselves inadvertently 

3. Distraction – Control measures 
 
 Restrict flow and speed associated with traffic when working 

within traffic patterns or when working within Free Space of 
Travel.  

 Minimize activities during high traffic periods or when visibility 
maybe affected such as early morning and near dusk. 

 Use the Buddy System, if you see a Team member not paying 
attention – Radio and remind. 

 Secure all loose articles – Papers, maps, etc. – Persons will 
run into traffic not intentionally but to chase a piece of paper 
blowing away. 

 Always wear High Visibility Vests, jackets, etc. to increase 
visual detection. 

 

M 
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ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

into traffic. 
This may also occur due to drivers 
as they are subjected to multiple 
information points utilize traffic 
control to protect those individuals 
involved. 

4. Surveying - Driving 
hubs into the ground using 
hammers to mark 
identifying control points 

4. Flying projectiles/Struck by/ 
impaled 

4. Flying projectiles/Struck by 
 When hammering wooden hubs into the ground there is a 

possibility that shards may break off. To protect from potential 
eye injury during this activity personnel will wear safety 
glasses.  

 Crack or damage hubs will not be used. 
 Use a suitable hammer to drive the hubs. The hammer 

shouldn’t be so heavy that and additional person must hold the 
hub while you drive it into the ground. 

 Inspect the hammer to insure the head is attached tightly and 
there are no indication of mushrooming head that could also 
become a flying projectile should it break off. 

 Hub covers with extended handles are recommended for this 
task. These steel caps fit over hubs to prevent the ejection of 
shards while the extension handle takes your hands and 
fingers out of the strike point or area. The down side, it is 
another piece of equipment to carry. 

 Place the hubs in a bucket or similar device. That way, should 
you fall you are less likely to impale yourself. 

 

L 

5. Surveying - Movement 
over various terrain types, 
through various vegetation 

5. Slips, trips, and falls 5. Slips, trips, and falls  
 Remove/identify trip hazards from the work area, so they may 

be avoided. 
 Maintain good housekeeping within the work area. 
 Select the best route possible for moving over various terrain 

types and vegetation. 
 Work boots with a rugged lug is recommended to minimize 

slips, trip, and falls. 
 Furthermore, lace up boots providing a substantial ankle 

support is recommended for movement over various terrain. 

L 
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ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

Steel toed boots are not required for this task. 
 

6. Cutting site lines, 
where necessary using 
hand tools. 

6. Cuts/Lacerations 6. Cuts/lacerations; Struck by 
 See Hand tool use for removal of vegetation – Cutting site 

lines 
 Wear hard hat, safety glasses, and leather gloves when cutting 

and removing vegetation. 
 Keep cutting tools within their sheath during periods of travel 

or non-use. 
 Machetes shall be equipped with an adequate hilt to avoid the 

hand sliding down the blade in the event of a fall. 
This is considered unlikely but provisions have been added should 
minor clearing be required. 
 

L 

7. Surveying points 7. Natural hazards – Irritating 
plants, insects & spiders. While it is 
not anticipated in this improved 
area that these hazards will be 
significant the possibility cannot be 
ruled out. 

7. Poisonous plants/Insect Bites – As it is unknown from where 
the surveyor will if needed to carry control points, there maybe 
area they need to pass through that present hazards of this nature. 
Insects populations can vary from ants, bees, spiders, ticks, and 
mosquitoes, etc.. These populations within certain regions are 
prevalent everywhere in others, not so much. These hazards will 
also be affected by the season in which the work is being 
conducted. Therefore poisonous plants and insects may be 
encountered. The following measures should take place when this 
hazard is imminent: 
 Poisonous Plants – Within the work area we have Poison Ivy, 

Poison Oak, Poison Sumac and other irritating plants, an 
allergic reaction can occur after direct contact with the plant or 
indirect contact through some piece of equipment or clothing 
article.  Oils are transferred from the plant to exposed skin, 
clothing, or piece of equipment.  The degree of the irritation or 
allergic reaction can vary significantly from one person to the 
next. To control exposure to these plants 
o Know the plants. Avoid if at all possible. If not wear 

protective clothing that maybe thrown away when the task 
is complete. 

o Wear barrier creams or PPE, prior to entry into heavy 

M 
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ACTIVITY / PHASE POTENTIAL HAZARDS RECOMMENDED ACTIONS / CONTROLS RAC 

brush. 
o Wash with cool water and soap or an over the counter 

solutions to remove these oils from the skin. Wash your 
contaminated clothes separate from your other clothes. 

 Insects – Use repellants applied liberally to skin and clothing 
per the Manufacturers requirements. 
o Wear light colored clothing – This will assist in controlling 

heat stress as well as seeing crawling insects on your body 
easier to detect. 

o Tape pant legs to boots to control insect (Ticks) access 
into clothing. This control measure application should be 
evaluated when employed to determine if it has a 
exacerbating effect as it pertains to conditions of heat 
stress. 

 
8. Surveying 8. Inclement weather 8. In order to respond to inclement weather scenarios, the 

following actions will be employed: 
 Electrical/Thunderstorms – Where possible employ a 

lightning detection equipment to warn field personnel of 
approaching storms. Where this is not possible, use the 30/30 
rule 

If there is 30 seconds or less between thunder and lightning go 
inside for 30 minutes or more since the last thunder. 

 Heavy rains/Winter storms – The survey team leader shall 
assess conditions and determine whether work will continue. 
This action shall include and assessment concerning traffic in 
the area and that traffics ability to control their vehicle’s and 
not slide into work crews. In these cases, work will be 
restricted from along traffic travel patterns. 

M 

 
EQUIPMENT TO BE USED 

 
INSPECTION 

REQUIREMENTS 

 
TRAINING REQUIREMENTS 

 
Machetes; brush axes; sledge hammers; 
Survey equipment. 

Inspect handles; heads; 
cutting implements 

General operating/demonstrated skill of the survey personnel. 
 

Personal Protective Equipment: 
Minimum:  

Inspect PPE to insure it is 
in adequate condition 

All personnel  
 Site Specific Training – All personnel shall be instructed and attest 
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EQUIPMENT TO BE USED 

 
INSPECTION 

REQUIREMENTS 

 
TRAINING REQUIREMENTS 

 
Hard hat and safety glasses when 
removing vegetation; Safety glasses and 
leather or similar material work gloves; 
footwear with adequate Lug and ankle 
support; leather/canvas work gloves for 
moving over various terrain. 
 
Optional items:  
High visibility vests are recommended for 
these activities in high traffic areas.   
 
Emergency Equipment 
- First Aid Kit  
- Fire Extinguisher 
- Map to Hospital  
- Emergency Contact List  

 to the review and understanding of this HASP prior to the 
commencement of on-site activity. 

 Periodically, Tailgate Training Sessions will be conducted to review 
activities in progress, results of site surveys, and upcoming tasks. It 
is recommended that AHAs be reviewed prior to conducting the 
identified task. 

 Complete a Medical Data Sheet 
 
Survey License and/or Certification Proof 
 
Decontamination Procedures:  
Not required. Good personal hygiene practices are to be employed prior 
to breaks lunch or other period when hand to mouth contact occurs.  
This will minimize potential ingestion exposures. 
Perform a close body inspection to remove ticks and associated insects 
when exiting unimproved areas (heavy vegetation). 

 
All persons will sign this AHA indicating that they have reviewed the document and are aware of their responsibilities as stated in the AHA.  
 

Name (Printed) Signature Occupation Date Reviewed/Training 
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18.0   REFERENCES, MATERIALS AND DOCUMENTATION  

United States Army Corps of Engineers 15 December 2008  Engineer Manual (EM) 385-1-1, Safety and 

Health Requirements Manual.   

Available online at: http://www.usace.army.mil/inet/usace-docs/eng-manuals/em385-1-1/entire.pdf 

 

Department of the Army, 24 May 2011, Pamphlet 385-64 Ammunition and Explosive Safety Standards 

Available online at: http://armypubs.army.mil/epubs/pdf/P385_64.PDF 

 

The Tetra Tech FOL shall ensure the following materials/documents are taken to the project site and 

used when required.  The following documentation is to be posted or maintained at the site for quick 

reference purposes.  For this project, the items so noted below will be maintained in the Tetra Tech work 

vehicle.  

 

Project-Specific Sampling and Analysis Plan (SAP) Addendum - dated December 2012  

 

Chemical Inventory Listing (posted) - This list represents the chemicals brought onsite, including 

decontamination solutions, sample preservations, fuel, etc.  This list will be maintained in the Tetra Tech 

Work Trailer. 

 

Material Safety Data Sheets (MSDSs) (maintained) - The MSDSs will be maintained in the Tetra Tech 

Work trailer.  These documents should match the listings on the chemical inventory list for substances 

used onsite.  It is acceptable to have these documents within a central folder and the chemical inventory 

as the table of contents. 

 

Placards and Labels (maintained) - Where chemical inventories have been separated because of 

quantities and incompatibilities, these areas will be conspicuously marked using Department of 

Transportation (DOT) placards and acceptable (Hazard Communication 29 CFR 1910.1200(f)) labels. 

 

The OSHA Job Safety & Health Protection Poster (posted) - This poster, as directed by 29 CFR 

1903.2 (a)(1), should be conspicuously posted in places where notices to employees are normally posted.  

Each FOL shall ensure that this poster is not defaced, altered, or covered by other material. See 

Attachment IV. 

 

Site Clearance (maintained) - This list identifies site personnel, dates of training (including site-specific 

training), and medical surveillance.  The list indicates not only clearance but also status.  If personnel do 
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Accident Prevention Plan/ 18-2 CTO 27A 
Site Safety and Health Plan 

not meet these requirements, they do not enter the site while site personnel are engaged in activities. 

This list will be maintained in a vehicle onsite during operations. 

 

Emergency Phone Numbers and Directions to the Hospital(s) (posted) - This list of numbers and 

directions will be maintained at phone communications points and in each site vehicle. 

 

Medical Data Sheets/Cards (maintained) - Medical Data Sheets will be completed by onsite personnel 

and filed in the Tetra Tech Work Trailer.  The Medical Data Sheet will accompany any injury or illness 

requiring medical attention to the medical facility.  A copy of this sheet will be given to personnel to carry 

with them while on site. 

 

Hearing Conservation Standard (29 CFR 1910.95) (posted) - This standard will be posted any time 

hearing protection or other noise abatement procedures are used. 

 

Personnel Monitoring (maintained) - Results generated through personnel sampling (levels of airborne 

toxins, noise levels, etc.) will be posted to inform individuals of the results of that effort. 
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Total number of days of 
job transfer or restriction 

2 

Number of Days 

Total number of 
days away from 
words 

0 

Number 

Total number el 
deaths 

0 

Total number of 
cases with days 
away from work 

0 

Total number of 
other recordable 
cases 

2 

Total number of cases 
with job transfer or 
restriction 

1 
(G) 	 (H) (I) 

OSHA's Form 300A (Rev. 01/2004) 

Summary of Work-Related Injuries and Illnesses 
All establishments covered by Part 19004 must complete this Summary page, even if no injuries or 
glnesses occurred during the year. Remember to review the Log to verify that the entries are complete 

Using the Log, count the individual entries you made tor- each category. Then write the totals below, 
making sure you've added the entries from every page of Me log if you had no cases write "0" 

Employees former employees, and their representatives have the right to review Me OSHA Form 300 In 
its enhrely. They also have limited access to the OSHA RIM, 301 or ifs equivalent Sea 29 CFR 
19174.35, in OSHA's Reconlkeeping nee, for hinfilef ekttOS on the access provisions for these forms. 

(K) 	 (L) 

Injury and Illness Types 

Total number of... 
(M) 

(1) Injury 	 3 	(4) Poisoning 
(2) Skin Disorder 	a 	(5) Hearing Loss 
(3) Respiratory 
Condition 	 0 	(6) All Other !Messes 	0 

Post this Summary page from February 1 to April 30 of the year following the year covered by the form 

Public reporting burden for bus edlediw ol Inlormation u estimated to average 50 minutes per response, including time to review the insInotion, search and 
gather the data needed. and complete and review the collecebn d inlormation. Peruses are not regired to respond to the collodion of information unless it 
displays a currently valid CMS control number. If you have any comments about these estimates Many aspects ol this data odleceon, contact: US Department 
of Labor. OSHA Office S Statistics. Hoorah/41344.200 Constitution Ave. NH. WashivRon. DC 20210 Do not send the completed Toms to this office. 

Year 2010 

U.S. Department of Labor 
Occupadon.18,dety end 1.11,011,4ernireletratlen 

Form approved OMB no. •2re'll's 

Establishment Information 

Your establishment name Tetra Tech NUS, Inc. 

Street Foster Plaza 7, 061 Andersen Drive 

City Pittsburgh 	State 

	

Industry desoriptbn 	Manufacture ol motor truck trailers) 

Environmental Consulting  

Standard Industrial Classification {SIC), it known {e.g., SIC 3715) 

OR North American Industrial Classtlication (NA1CS). if known (e.g., 336212) 

5 	4 	1 	6 	2 	0 

Employment Information 

Annual average number of employees 	465 

Total hours worked by all employees last 
year 	 930 132 

Sign here 

Knowingly falsifying this document may result Ina fine. 

President 
Tine 

22-Jan.11 
Date 

(412) 971-7217 
Phone 

I certify that I have examined this document and that to the hest of my knowledge the entries are true, accurate, and 
complete. 

Pennsylvania Zip 	15220 
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Year  2010  
U.S. Department of Labor 

Occupational Safety and Health Admeestrakon 

Attention: mot form contains information relating to 
employee health and oust be treed in a manner that 
protects the conf identlallly of employees to the extent 
possible while the Enloe/ration it being used for 
occupationat solely and health pscoses. 

OSHA's Form 300 (Rev. 01/2004) 

Log of Work-Related Injuries and Illnesses 

Clasalft the case Identify the person . 	 Describe the case 

Page 	1 0f1 (1) 	(2) 	(3) 	(4) 	(0) 

Yon nut word inbsorttion about even, work.releled itjah or likens that involves. lost otoondousoess.resensorl work ace.? otjob Lanetec days am ay horn wrk. or medical teatinent bey0i6 Mil ac. 
Tamed We lard Sign he. dark-refitted innate and (louses Nat are diagnosed by a physician Of licensed health cue proles:song Younast also resod Nark-related threes sot Illnesses Mal MITA 
tryst temente: recording cream Isla( re 2a CFR 133131traugh 1004 12 Feel ha to um he lines inn a single came you he* to. Tos must complete a, injury and illness ireidell report (OSHA FON 
90110 equiyalcoll Mon kir Nee inlays Meals waded even WE. If mete not sue wheeler a case la reormlable, call your lone OSHA oflice lot help. 

Form approved OMB no. 1215•91715 

Tetra Tech NUS, Inc Establishment name 

City 	Pittsburgh  State PA 

(A) 
Case No. 

(0) 
Employee's Name 

(C) 
Job Tide (e.g.. 

Welder) 

(ID) 
Date Cl 
Minh,  or 
onset of 
illness 

(nolday) 

(Et 
Whine the event Worried (e.g. 
Loading dock north end) 

(F.) 
Describe injury or illness, parts of body 
eiterlei, and object/substance that &entry 
Injured or made person ill (e.g. Second degree 

CHECK ONLY ONE box for each case based on the 
most senors outcome for that casee, 
:u 

Enter the number of 
days the Injured or 3 
worker was. 

Check 

(au 

2- 

i 

(1) 

the • injure 

i 
' 

A 
(2) 

-.t  

column 
Moose,  

0. 

S§ 
rra 5  

8 
(3) 

or choose 

f 
g 

P 
(4) 

we 

1 

5. 
'- 
I 
5) 

type of 

r/it 
"' 

t 
•-• 

(5) 

Draft 

(0) 

brans on rtgbe forearm from acetylene torch) On Days away 
from work 

(It) 

ned Rem Wed 

Job Isolator or 
restrictian 

(I) 

at work 

Other record- 
able cases 

(J) 

Away 

Fr" 
Work 
(+iaire) 

OG 

job 
tranideror 
restriction 
(days) 

(L) 

555•2010- 
10 ----"" (Mini/10ton, MA) 

Environmental 
Scanlon 912212010 NAVY CLEAN LAST CTO WE4.5 

Back injury from hog empty cooler and 
botlIeware boxes X 2 X 

NUS-2010- 
10 1-1111'1.11'.  (Newark. DE) 

ErNironmental 
Technician 12/9/2010 ONREC • Syrnech Columbia 

Cut hand Mt blade removing equipment from 
eel X X 

NUS-2010-
TO 	 (Gommolown. VD) Graphic 12/7/2010 112 Germantown, Ml) - 2 Sprain Ankle X X 

Page totals -V 0 1 2 0 7 90 0000 

Be sure to transfer these totals to the Summary page {Form 300A) before you post it. 

OutIc reporting bunion for Dr, mllecion al Idsrnutionlo mflrodfotl to overage 14 mambos per hopoose. kluging *eta Week 
influction. ores end ober The dela needed, and complete and renew the cola-don of infonnatin. Persons are not rewired to 
respond Is the collection Ed infamatan miass 0 displays eomently valid OMB control number tryouts,' any women% about 
These catnip!e5 sr any Of pacts of This date oollachon, conk!. US Department of Leber, 0911A0111ceril Mastics, Room N-2344, 202 
Constitution Ave NM. Wastingbn, DC 2510. Dit rotsentl Ike cerepitted 	tia Mb afice. 

18  a 
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City Pittsburgh  State 	 PennsyNania 	Tip 	15220  

ate Phone 

(G) 	 {H) (I) 	 (J) 

Total number of 
days away from 
ternrk 

Total number of days of 
job transfer or restnction 

OSHA's Form 300A (Rev. 0112004) 

Summary of Work-Related Injuries and Illnesses 
All establishments covered by Parr 1904 must complete this Summary page, even # Pro *des or 
liktesseS 000orred -during the year. Remember Is review the Log to verify thaf the ambles are complete 

Using the Log, count the Mdfh,idual earles yen made for each Category. Then mite the totals below, 
making sum youlte added the entries from every page of the log. If you had no oases come "O." 

EMptopos former employees. end Mak representerwes have the right tO review the OSHA Form 3001n 
As entirety They Moo here omitted eccess to the OSHA Form 301 arks equivalent. See 29 CFR 
1904.35 in OSHA'S 1?ecordkeeping rule, tor further dates on the access provisions far these forms 

Number of Cases 

Total number of 	Total number of Total number of cases 	Total number of 
deaths 	 cases with days with job transfer or 	other recordable 

away from work restriction 	 cases 
0 	 0 

Number of Days 

0 
(K) 	 IL) 

Injury and Iffness Types 

Total number of... 
(M) 

(1) Injury 0 (4) Poisoning 0 
(2) Skin Disorder 0 (5) Hearing Loss 0 
(3) Respiratory 
Condition 0 (6) Al/ Other Illnesses 0 

Post this Summery page from February 1 to April 30 of the year following the year covered by the form 

Public resorting Nu* fry tag ccOrIvn rr n4vlrailn a estirneled to emerge St minter per response, incising arse b review the instruction, search rend 
ushier the dem needed, and complete aid revise the meedion Of informairog Persons ere not required to respond to the cohesion or information fatless h 
displays e owe* raid 0146 cued number. hoer here soy comments Waltham estimatea or any &spell cilia data collection, millet US Depertrosof 
of Labor OSHA °floret Stansfife, Rums 5.3644, 200 Contaktion Ave, NW, Washington, DC 20216 Do not send he LOT ;:!eled 'ono to this arks_ 

I/ 	 • 

Year 2011 4  .* 

U.S. Department of Labor 
OcciApetionkl Stay .611.mhh AthololentIon 

R.PRI VINWel OMB 40. 1213.0176 

Establishment Information 

Your establishment name Tetra Ted,  NUS Inc. 

Sheet 681 Andersen Drive, Foster Plan 7 

Industry description (e.g., Manulacture of motor book trailers) 
Environmental Consulting  

Standard Industrial Classfration (SIC), If known (e_g_, SIC 3715) 

OR North American Industrial Classification INAICS), if known (e.g., 336212) 

5 	4 	1 	6 	2 	0 

Employment Information 

Annual average number of ernNoyeos 	435  

Total hours worked by all employees last 
year 

Sign here 

Knowingly falsifying this document may result in a fine. 

I certify that I have examined this document and that to the hest of my knowledge the entries are true, accurate, and 
-complete. 

7  Company 

(4121921-7217 

672801 

President  
Tide 
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Year 2011 
<f*) 

U.S. Department of Labor 
Occupational Safety and Health Administration 

Attention: This form contains informatbon relating 
to employee health and must be used in a manner 
that protects the confidentiality of employees to the 
extent possible while the information is being used 
for occupational safety and health purposes_ 

OSHA's Form 300 (Rev. 01/2004) 

Log of Work-Related Injuries and Illnesses 

Classify the case Describe the case Identifythe person 

You must mud record infonmaher about every work-related niury or illness that involves loss of consciousness, restricted work achny or job transfer, days away from work, or moctical trealrnord be and first 
aid You must also record significant work-related injuries and finesses that are diagnosed by a phyacian or licensed health care professional. You must Asa record work-related injuries and illnesses 
that meet any of the specific recording atone listed in 29 CFR 1904.8 through 1904.12 Feel free louse bun lines for a single case if you need to. You must complete an injury and illness hoiden! 
report (GSA Form 301) or equivalent form for each injury or illness recorded on his form. If you're not cure whether a case is recordable, call your local OSHA office for help. 

Farm approved OMB no. 1218-0176 

Tetra Tech -112 NUS Establishment name 

City 	Pittsburgh State PA 

CHECK ONLY ONE box far each case 
the most serious outcome for that case 

based on 
Enter the number of 
days the Injured will 
worker was: 

Check the 

5. h 

_ 

(1) 

"injury 

'rB 

.g x  

--j; 
(2) 

column 

o o 

. 	i 1,,, 
1 g. 

(31 

(M)  

of illness: 

Eb 

.5 
1,. 
(4) 

or choose 

re  
3 

2 
(5) 

one type 

12 

<  

(6) 

4A) 

Casa No. 

031 

Employee's Name 

(C) 

Job Title (e.g,. 
Welder) 

(0) 

Date of 
injury or 
asset of 
ilness 

(mafday) 

(El 
Where the event occurred (e g. 

Loading dock north end) 

(F) 
Describe injury a illness. parts of body affected, 

and 0*ot/substance that drectly injured or 
made person ill (e g Second degree hums on 
right forearm from acetylene torch) 

: 	 --- 

Death 

(G) 

Days away 
from work 

(I-1) 

Remained 

Job transfer 
or restriction 

(I) 

at work 

Other record- 
able cases 

(J) 

AwaY 
From 

Work 
(days) 

(K) 

On job 
transfer or 
restriction 

(day,) 

(L) 

Page totals 0 o 0 o o o o 5 o o 0 0 

Public reporting burden for this collection of infomwtion is festinated to average 14 minutes per response, including tire to 
reviewthe instruction. sewch and gather the data needed, and complete and revels the collection oFmformation Persons are 
not required to respond to the collecton of information unless it displays a currently valid OMB control nutter. IFyou have any 
comments about these eWanates or any aspects of dde data collechon, contact US Decal-Intent of Labor, OSHA Office of 
&chalks, Room 14.5644. 2.00 Constibboti Ave, NAL WGIvntiton, CC 20215 Co not send the completed forms to this office, 

Page 	1 oft 	 (1) 	(2) 	(3) 	(4) 

a- 

,,s  
7,3 '4'

tel 
0 
rn 

3 
Be sure to transfer these totals to the Summary page (Form 300A) before you post it. 
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(0) (H) (I) 	 (l( 

Total number of 
days away from 
tunrk 

1 
(K) 

Total number of days of 
job transfer or restriction 

0 
fU 

934,740 
Total hours worked by all employees last 
year 

OSHA's Form 300A (Rev. 01/2004) 

Summary of Work-Related Injuries and Illnesses 
All establishments covered by Part 1904 must complete this Summary page, even if no injuries or 
aihesses occurred during the year. Remember to review the Log to verily that the entries are complete 

Using the Log. count the individual entries you made breach category_ Then write the totals below, 
malting sure you've added the entries from every page of the log. If you had no cases write 'V' 

Employees former employees, and their representatives have the right to review the OSHA Form 300 in 
its entirely They also have limited access fo the OSHA Form 301 or rls equivalent. See 29 CFR 
1904.35, in OSHA's Recordkeeping rule, for further details on the access provisions for these loons. 

pkirilbef Of Cathie 

Total number of 	Total number of Total number of cases 	Total number of 
deaths 	 cases with days with job transfer or 	ether recordable 

away from work restriction 	 cases 
0 	 1 	 0 	 5 

Number of Days 

Total number of... 
{M) 

(1) 	Injury 4 (4) Poisoning 0 
(2) Skin Disorder 2 (5) Hearing Loss 0 
(3) Respiratory 
Condition 0 (6) All Other Illnesses 0 

Post this Summary page from February 1 to April 30 of the year following the year covered by the form 

Public reporting burden for this collection ol information is estimated to average 50 minutes per response, including time to review the instruction, search and 
gather the data needed, end owl:gets and review the collection of inlognalion. Persons we not rewired to respond to the collector, of inlormation unless t 
displays a currently valid 0108 control number. It you haw wry comments about nose estimalos or any aspects of this dale collection, canted, US Department 
of team, 03111 Mee of Statistics, Reran hi-3514, 200 Constitution Avg NW, WashinifloA DC 20215 Dunn send N. comolsied leans to this of 

Year 2012 

U.S. Department of Labor 
Occupatiteel Safety and Health AdmInammon 

Form approved 050 no 1218-5:78 

Establishment information 

Your establishment name Tetra Tech, NUS Operating Division 

Street 861 Andersen Drive, Foster Plaza 7 

City Pittsburgh Stele 	 Pennsylvania 	Zip 	15220 

Industry description (e.g, Manulacture zit motor truck trailers) 
Environmental Consulting  

Standard Industrial Classification (SIC), d known log., SIC 3715) 

OR North American Industrial Classification (NAJCS), if known (e.g., 336212) 

5 	4 	1 	6 	2 	0 

Employment information 

Annual average number of employees 	446 

Sign here 

Knowingly falsifying this document may result in a line. 

I certify that I have examined this doe 	not and that to the best of my knowledge the entries are true, accurate, and 
complete. 

41./1/4"."..--"F 

Company e 

(412) 921-7217 
Phone 

President 
Title 

22.1arpla 

Data 
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US. Department of Labor 
Ocaextlional Safety emit-1.311h Adminisbaba. 

Year 2012 

Aftrrtiont This form contains islonnalion relaliny 
to alTeecrywo heal n and must be used in a manner 
that protects the confidentiality of employees to the 
talent possible 1000 010 Inlormatiort is being used 
fen oteutietiOnel safety end health purposes- 

OSHA's Form 300 (Rev. 01/2004) 

Log of Work-Related Injuries and Illnesses 

Clasldfff the case Deaorib91he case  kkeitifrtieAtieliNo_ 

Y0.1 O1151 record inforrnE0o0 about artentweftkrelatad hIluty at &tented. Andrea loss demi:lowed, rerHerd weak acdpity or job teaks days away earn war,. a X*C1COITeelltost beyond 
hl Md. Yee mug akue record 5knikanl weak-relaled Nudes and Mao= Vet 410 (Gewesed by a physktan or licensed heath tae proem :one You must else record viol...related Injuries and 
ilOOMOS that mess any d the speedo Fearang crtaria Wed In 29.CFR 1904.0 4104.1004.12 Toe Iree lo use Om Mesta a sego cased you need to. Yob coal .mm061,10, Hoff ammo amiss 
Incident Neal OSHA Fern 301) or eeivalond form kr eacti kiwi. or Imes recorded cc Otis form. If warm nd ado wkodie a peen fecorclat44, cif your lecal 0t9tiRoffroe for leko. 

Form approved 04.10 no. 1910.0170 

Establishment name Tetra Tech - 112 NUS 

City 	Pittsburgh  State PA 

CHECK ONLY ONE box For each case based on 
the mosl serious outcome for that case: 

— — • 
Enter the number of 
days Ilee injured or ill 
worker am 

Check lea 

l+.1) 

2- 

(1) 

Injury' 

le
e  

g 
T 
?) 

(2 ) 

-column 

Z. 
0 

l,- '.ill 

(2 S 

I3) 

of illness 

.,. 

(4) 

of choose 

.08. 

g 
' .. 
I 

IS) 

one type 

if 

F   e' 

R 

(E) 

(A) 
Case No. 

(B) 

Employeo'S Man* 
(C) 

Job Tide (eq.. 
Welder) 

(2) 
Date of 
injury or 
wool c4 
illness 

(mokay) 

(E) 
Whom Thor event OfxontKr (e.g. 
Loaddng deck north end) 

(F) 
Desciihe injury or imam, pats or body atfented, 
and object/substance that directly injured sir 
made person III (e,g. second degree bums on 

D !)44th  
right forearm from ocolytene tonal Os ' 

fro
Days away 

i 	m WIVO Remained at work A waY 
Front 

WC" 

(K) 

a
Of (days)

i 

lob 
transfer of 
restriction 

{days) 

{L) (G) 

. 

(14) 

Job transfer 
fe.SInMon 

in 

Other rocord • 
able cases 

(-4 
NUS-2012. 
12 wwwwwwww.www. ..... 	 LIXO Tech I 7/20/2012 NAVY CLEAN LAIR CTOJmi 0 Hatted Chigger bit X X 
NUS-2012- 
25 '''''' -- ''''' — ''''' —"" 

Air Cooley 
Specialist 9/1012012 NAVY CLEAN LAW Grp F279 Multiple Slings • Toiler/Jackets X X 

NUS-2012-3 •••••"•••""'•••"••"""'"•• Operator 1127/2012 USCG-Aletand Oa Bay Potable fractured ami X X 
NUS-2012-
31 ••• 	  OLE Manager 51S/3012 112 Germantown, MO • 1 Back !Nor,/ X 

It U8.2012- 
39. ........  	Technician 

Archaeological 
Field 

1012/2012 
MARINER 045r-
Eterie0/GLITURAL Dermallis born person ivy X X 

NUS-20t2- 
40 H.— 	  

Archaeological 
Reid 
Technician 1011/2012 

MARRPER EAST. 
ENVIRO/COLTURAL perms:0W from poison MI X 1 x 

Page totals o if 0 a 1 0 4 2 0 a 0 0 

Pubk.01,410,51 had. for me coNeCtCo of kiformslion h wormed leaver-v.14 mho* per raspy s% indelng Prne1c. 
ranee 1114 41111.6111. ward and gather Modell seeded, and cempleto and moron the osleolm of isfonsaiion. Perseve arc 
not Norm 0 reapari ro Me colecroxt of Irdomalion unless fl displays a currently vadat-Ago:NO rubber. a you have my 
moments about Mom SPASM or any aspects:1 yip dela ccilocem willed: US Dapanm&1td lake. OSHA Ofrce 
Stsfraties. Rolm NE514,200 Constetoos am 1m, Washings/n. DC 20210. Or not sane biome:0W loons m nip silica 

Be sure to transfer these totals to the Summary page (Form 300A) before you post it 

Paige 	1 el 1 (1) (2) 	(3) 	14) 	(5) 'Fr
,  A

ll
 	e

th
er

  ir
in

es
sa

s  
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FIGURE 4-1 

ORGANIZATION CHART 
FIELD ACTIVITIES AT NS GREAT LAKES 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

  

NAVY REMEDIAL PROJECT 
MANAGER 

 
Ms. Teresa Van Donsel 

HEALTH AND SAFETY 
CORPORATE MANAGER 

 
Mr. Matthew M. Soltis, CIH, CSP 

PROJECT MANAGER 

Mr. Corey Rich, PE 

PROJECT HEALTH AND 
SAFETY OFFICER 

 
Tom Dickson 

FIELD OPERATIONS 
LEADER 

 
Stan Conti, PG 

DRILLING SUBCONTRACTOR  

 
Environmental Field Services, Inc. 

FIELD TECHNICIANS 
 

TBD 

SURVEYOR 
SUBCONTRACTOR 

 
Graef- USA Inc. 

 

SITE SAFETY OFFICER 
 

Stan Conti, PG 

NS GREAT LAKES 
POINTS OF CONTACT 

 
Mr. Howard Hickey 



TETRA TECH, INC. 

FIGURE 7-1 
TETRA TECH, INC. 
INCIDENT REPORT 
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Report Date Report Prepared By Incident Report Number 

   

INSTRUCTIONS:  
 

All incidents (including those involving subcontractors under direct supervision of Tetra Tech 
personnel) must be documented on the IR Form. 

 

Complete any additional parts to this form as indicated below for the type of incident selected. 

TYPE OF INCIDENT (Check all that apply) Additional Form(s) Required for this type of incident 

Near Miss (No losses, but could have resulted in injury, illness, or 
damage)  Complete IR Form Only 

Injury or Illness   Complete Form IR-A; Injury or Illness 

Property or Equipment Damage, Fire, Spill or Release  
Complete Form IR-B; Damage, Fire, Spill or 
Release 

Motor Vehicle   Complete Form IR-C; Motor Vehicle 

INFORMATION ABOUT THE INCIDENT 

Description of Incident 

 
             
 
             
            
  

Date of Incident Time of Incident 

 
    AM   PM  OR  Cannot be determined   

 

Weather conditions at the time of the incident Was there adequate lighting?    

                                                                 Yes     No      

Location of Incident 

              

Was location of incident within the employer’s work environment? Yes     No      

Street Address City, State, Zip Code and Country 

  

Project Name/Number Client: 

  

Tt Supervisor or Project Manager Was supervisor on the scene?   

     Yes     No      

WITNESS INFORMATION (attach additional sheets if necessary) 

Name Company 

  

Street Address City, State and Zip Code 

  

Telephone Number(s) 

 



TETRA TECH, INC. 

FIGURE 7-1 
TETRA TECH, INC. 
INCIDENT REPORT 
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CORRECTIVE ACTIONS 

Corrective action(s) immediately taken by unit reporting the incident: 

 
              
 
              
 
 

Corrective action(s) still to be taken (by whom and when): 

 
              
 
              
 
 

ROOT CAUSE ANALYSIS LEVEL REQUIRED 

Root Cause Analysis Level Required:   Level - 1     Level - 2      None   

Root Cause Analysis Level Definitions 

Level - 1 

 

Definition: A Level 1 RCA is conducted by an individual(s) with experience or training in root cause analysis 
techniques and will conduct or direct documentation reviews, site investigation, witness and affected employee 
interviews, and identify corrective actions.  Activating a Level 1 RCA and identifying RCA team members will be at 
the discretion of the Corporate Administration office.  
 

The following events may trigger a Level 1 RCA: 
 Work related fatality 
 Hospitalization of one or more employee where injuries result in total or partial permanent disability  
 Property damage in excess of $75,000 
 When requested by senior management  
 

Level - 2 

 

Definition: A Level 2 RCA is self performed within the operating unit by supervisory personnel with assistance of 
the operating unit HSR.  Level 2 RCA will utilize the 5 Why RCA methodology and document the findings on the 
tools provided.  
 

The following events will require a Level 2 RCA: 
 OSHA recordable lost time incident   
 Near miss incident that could have triggered a Level 1 RCA 
 When requested by senior management 
 

Complete the Root Cause Analysis Worksheet and Corrective Action form. Identify a corrective action(s) for each root cause 
identified within each area of inquiry.   

NOTIFICATIONS 

Title Printed Name Signature 
Telephone 
Number 

Date 

Project Manager or Supervisor     

Site Safety Coordinator or Office H&S 
Representative 

    

Operating Unit H&S Representative     

Other:  __________________________      

 

The signatures provided above indicate that appropriate personnel have been notified of the incident. 
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Accident Prevention Plan   CTO 27A 
Site-Specific Health and Safety Plan 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving injury or illness.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

EMPLOYEE INFORMATION 

Company Affiliation 

Tetra Tech Employee?       TetraTech subcontractor employee (directly supervised by Tt personnel)?      

Full Name Company (if not Tt employee) 

  

Street Address, City, State and Zip Code Address Type 

 
 ________________________________________________  
 
 ________________________________________________  
 

Home address (for Tt employees)         
 

Business address (for subcontractors)         

Telephone Numbers 

Work:      Home:      Cell:      

Occupation (regular job title) Department 

  

Was the individual performing regular job duties? Time individual began work 

    Yes     No         AM     PM    OR   Cannot be determined    

Safety equipment 

 

Provided?    Yes     No     
 

Used?   Yes     No     If no, explain why 
 
       
 
       
 
       
 

 

Type(s) provided:   Hard hat      Protective clothing 
 

    Gloves      High visibility vest 
 

    Eye protection      Fall protection 
 

    Safety shoes      Machine guarding 
 

    Respirator      Other (list) 
 
        
 

NOTIFICATIONS 

Name of Tt employee to whom the injury or illness was first 
reported 

Was H&S notified within one hour of injury or illness? 

     Yes     No      

Date of report H&S Personnel Notified 

  

Time of report Time of Report 

  

If subcontractor injury, did subcontractor’s firm perform their own incident investigation? 

Yes     No     If yes, request a copy of their completed investigation form/report and attach it to this report. 
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Accident Prevention Plan   CTO 27A 
Site-Specific Health and Safety Plan 

INJURY / ILLNESS DETAILS 

What was the individual doing just before the incident occurred? Describe the activity as well as the tools, equipment, or material the 
individual was using. Be specific. Examples: “Climbing a ladder while carrying roofing materials”; “Spraying chlorine from a hand sprayer”; “Daily 
computer key-entry” 

 
              
 
              
 

What Happened? Describe how the injury occurred. Examples: “When ladder slipped on wet floor and worker fell 20 feet”; “Worker was sprayed 
with chlorine when gasket broke during replacement”; Worker developed soreness in wrist over time” 

 
              
 
              
 
 

Describe the object or substance that directly harmed the individual: Examples: “Concrete floor”; “Chlorine”; “Radial Arm Saw”. If this 
question does not apply to the incident, write “Not Applicable”. 

 
              
 
              
 

MEDICAL CARE PROVIDED 
 

Was first aid provided at the site:   Yes       No     If yes, describe the type of first aid administered and by whom? 
 
              
 
 

Was treatment provided away from the site:   Yes       No     If yes, provide the information below. 
 

Name of physician or health care professional Facility Name 

  

Street Address, City State and Zip Code Type of Care? 

 
 ________________________________________________  
 
 ________________________________________________  
 

Was individual treated in emergency room?                  Yes    No     
 

Was individual hospitalized overnight as an in-patient? Yes    No    

  

Did the individual die?      Yes      No      If yes, date:    
 

Will a worker’s compensation claim be filed?                Yes    No   

Telephone Number 

 

NOTE: Attach any police reports or related diagrams to this report. 

SIGNATURES 

I have reviewed this report and agree that all the supplied information is accurate 

Affected individual (print) Affected individual (signature) Telephone Number Date 

    

 

This form contains information relating to employee health and must be used in a manner that protects the confidentiality of the employee to 

the extent possible while the information is being used for occupational safety and health purposes. 
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Accident Prevention Plan   CTO 27A 
Site-Specific Health and Safety Plan 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving property/equipment damage, fire, spill or release.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

TYPE OF INCIDENT (Check all that apply) 

Property Damage    Equipment Damage      Fire or Explosion      Spill or Release      

INCIDENT DETAILS 

Results of Incident: Fully describe damages, losses, etc. 

 
              
 
              
 
              
 

Response Actions Taken: 

 
              
 
              
 
              
 

Responding Agency(s) (i.e. police, fire department, etc.) Agency(s) Contact Name(s) 

  

DAMAGED ITEMS (List all damaged items, extent of damage and estimated repair cost) 

Item: Extent of damage: Estimated repair cost 

   

   

   

SPILLS / RELEASES (Provide information for spilled/released materials) 

Substance Estimated quantity and duration Specify Reportable Quantity (RQ) 

       Exceeded?  Yes     No     NA      

FIRES / EXPLOSIONS (Provide information related to fires/explosions) 

Fire fighting equipment used?   Yes     No     If yes, type of equipment:          

NOTIFICATIONS 

Required notifications Name of person notified By whom Date / Time 

Client:    Yes     No         

Agency:   Yes     No         

Other:   Yes     No         

Who is responsible for reporting incident to outside agency(s)?      Tt     Client    Other    Name:   

Was an additional written report on this incident generated?      Yes     No     If yes, place in project file. 
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Accident Prevention Plan   CTO 27A 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving motor vehicle accidents.  Do NOT leave any 
blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

INCIDENT DETAILS 
Name of road, street, highway or location where accident 
occurred 

Name of intersecting road, street or highway if applicable 

  

County City  State 

   

Did police respond to the accident? Did ambulance respond to the accident? 

    Yes     No          Yes     No      

Name and location of responding police department Ambulance company name and location 

 
 

Officer’s name/badge #  

Did police complete an incident report? Yes     No       If yes, police report number:                             
Request a copy of completed investigation report and attach to this form. 

VEHICLE INFORMATION 

How many vehicles were involved in the accident?      (Attach additional sheets as applicable for accidents involving 
more than 2 vehicles.) 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Vehicle Owner / 
Contact 
Information 

 

Vehicle Owner / 
Contact 
Information
   

 

Color  Color  

Make  Make  

Model  Model  

Year  Year  

License Plate #  License Plate #  

Identification #  Identification #  

Describe damage to vehicle number 1 Describe damage to vehicle number 2 

  

Insurance Company Name and Address Insurance Company Name and Address 

  

Agent Name  Agent Name  

Agent Phone No.  Agent Phone No.  

Policy Number  Policy Number  
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Accident Prevention Plan   CTO 27A 

DRIVER INFORMATION 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Driver’s Name  Driver’s Name  

Driver’s Address  Driver’s Address  

Phone Number  Phone Number  

Date of Birth  Date of Birth  

Driver’s License #  Driver’s License #  

Licensing State  Licensing State  

Gender Male     Female      Gender Male     Female      

Was traffic citation issued to Tetra Tech driver? Yes  No       Was traffic citation issued to driver of other vehicle? Yes  No       

Citation #  Citation #  

Citation Description  Citation Description  

PASSENGERS IN VEHICLES (NON-INJURED) 

List all non-injured passengers (excluding driver) in each vehicle. Driver information is captured in the preceding section. 
Information related to persons injured in the accident (non-Tt employees) is captured in the section below on this form. 

Injured Tt employee information is captured on FORM IR-A 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

How many passengers (excluding driver) in the vehicle?      How many passengers (excluding driver) in the vehicle?      

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

INJURIES TO NON-TETRATECH EMPLOYEES 

Name of injured person 1 Address of injured person 1 

  

Age Gender Car No. Location in Car 
Seat Belt 
Used? 

Ejected from 
car? 

Injury or Fatality? 

 Male   Female      
  Yes  No   Yes   No   Injured    Died      

Name of injured person 2 Address of injured person 2 

  

Age Gender Car No. Location in Car 
Seat Belt 
Used? 

Ejected from 
car? 

Injury or Fatality? 

 Male   Female      
  Yes  No     Yes   No   Injured    Died      

OTHER PROPERTY DAMAGE 

Describe damage to property other than motor vehicles 

 

Property Owner’s Name Property Owner’s Address 

  
 



lb TETRA TECH, INC. 

Safety 

 

 TETRA TECH, INC. 
 INCIDENT FORM IR-C 

 

Accident Prevention Plan   CTO 27A 

COMPLETE AND SUBMIT DIAGRAM DEPICTING WHAT HAPPENED 

 



 

Accident Prevention Plan  CTO 27A 

FIGURE 8-1 

SAFE PLACE OF REFUGE FOR SITE 12 

 



 

Accident Prevention Plan  CTO 27A 

FIGURE 10-1 

MEDICAL DATA SHEET 

This Medical Data Sheet must be completed by on-site personnel and kept in the command post during 
the conduct of site operations.  This data sheet will accompany any personnel when medical assistance is 
needed or if transport to hospital facilities is required. 
 

Project             

 

Name       Home Telephone     

Address            

Age     Height         Weight        

Person to notify in the event of an emergency: Name:        

       Phone:        

Drug or other Allergies:            

               

 

Particular Sensitivities:           

               

 

Do You Wear Contacts?           

               

 

What medications are you presently using?         

               

 

Name, Address, and Phone Number of personal physician:       

               

               

Note:  Health Insurance Portability and Accountability Act (HIPAA) Requirements  
 
HIPAA took effect in 1996 and was amended April 14, 2003. Loosely interpreted, HIPAA regulates the disclosure of Protected 
Health Information (PHI) by the entity collecting that information. PHI is any information about health status (such as that you may 
report on this Medical Data Sheet), provision of health care, or other information. HIPAA also requires Tetra Tech to ensure the 
confidentiality of PHI. This Act can affect the ability of the Medical Data Sheet to contain and convey information you would want a 
Doctor to know if you were incapacitated. So before you complete the Medical Data Sheet understand that this form will not be 
maintained in a secure location. It will be maintained in a file box or binder accessible to other members of the field crew so that they 
can accompany an injured party to the hospital. 
 
DO NOT include information that you do not wish others to know, only information that may be pertinent in an emergency situation 
or treatment. 

 
               

Name (Print clearly)    Signature     Date
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Accident Prevention Plan  CTO 27A 

FIGURE 10-2 

DIRECTIONS AND MAP TO VISTA MEDICAL CENTER WEST 
 

Vista Medical Center West 
2615 Washington St.  
Waukegan IL 60085 
(847) 249-3900 
 
Distance: 5.8 miles Approximate travel time: 16 minutes 
A. 10th Ave    

 Head northwest on 10th Ave toward Crusley Dr    0.2 mi   
 Turn right onto Crusley Dr      338 ft   
 Turn left onto Mahan Rd       0.1 mi   
 Turn right onto Decatur Ave      308 ft   
 Take the 1st left onto Paul Jones St     0.1 mi   
 Take the 3rd left onto Cluverius Ave     0.3 mi   
 Continue onto 22nd Street      1.2 mi   
 Turn right  onto N Green Bay Rd      0.2 mi   
 Turn right onto Washington St      0.4 mi 

B. Medical Center is on the right   
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FIGURE 16-1 
HEAT/COLD STRESS MONITORING – PRE-/POST EVALUATION RECORD 

Site Name:         Tetra Tech, Inc. Personnel:      
CTO:                   
SWMU/Location:        Subcontractor Personnel:     
                   
 

Name Age 
Level of 

Protection 

Work Activity 
Level – Light, 

medium, heavy 

Environmental 
Conditions 

Oral 
Temperature 

Pulse Rate 
Body Weight 

(Heat Stress only) 
Time 

Temperature Humidity Pre- Post- Pre- Post- Pre- Post- 
Time 

In 
Time 
Out 

              

              

              

              

              

              

              

              

              

              

              

              

              

              

 
Comments:                 
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ATTACHMENT I 

SITE-SPECIFIC TRAINING 
DOCUMENTATION FORM 

AND 
EMPLOYEE 

TRAINING/QUALIFICATIONS/MEDICAL 
CLEARANCE  

 
TO BE ATTACHED BY PM/FOL 

  
(40-Hour HAZWOPER Certificates; 8-Hour HAZWOPER 

Refresher Certificates; First Aid/CPR Certificates; 
employee resumes as required) 



 

 

M
a

y
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0
1

1
 

 

SITE-SPECIFIC TRAINING DOCUMENTATION 
 
My signature below indicates that I am aware of the potential hazardous nature of performing field 
investigation activities at NS Great Lakes, and that I have received site-specific training which includes 
the following elements: 
 Names of personnel responsible for site safety and health 
 Safety, health, and other hazards present onsite 
 Use of personal protective equipment 
 Safe use of engineering controls and equipment 
 Medical surveillance requirements 
 Signs and symptoms of overexposure 
 Emergency response procedures (evacuation/assembly area) 
 Incipient response procedures 
 Review of the contents of relevant Material Safety Data Sheets 
 Review of the use of AHAs 
 Stop work authorization and process 
 
I have been given the opportunity to ask questions and my questions have been satisfactorily answered.  
The dates of my training and medical surveillance requirements indicated below are accurate. 

Name 
Printed and Signature 

Site-
Specific 

40-Hour 
8-Hour 

Refresher 
8-Hour 

Supervisor 
Medical 
Exam 

Basic First 
Aid/BBP 
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Insert employee documents here.
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1.0 PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations.  Contact 
with underground or overhead utilities can have serious consequences including employee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users.  
 
The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface and overhead utility locating services.  
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees.  The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to present requirements and restrictions relevant to these types 
of activities.  This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 
 
2.0 SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities.  This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services.  This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement.  Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific 
project.  This SOP is not intended to provide a detailed description of methodology and instrument 
operation.  Specialized expertise during both planning and execution of several of the methods presented 
may also be required. 
 
3.0 GLOSSARY 

Electromagnetic Induction (EMI) Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 
 
Magnetometer – A device used for precise and sensitive measurements of magnetic fields.   
 
Magnetic Survey – A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects.   
 
Metal Detection – A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects.   
 
Vertical Gradiometer – A magnetometer equipped with two sensors that are vertically separated by a 
fixed distance.  It is best suited to map near surface features and is less susceptible to deep geologic 
features. 
 
Ground Penetrating Radar – Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter.  Some portion of the signal will be reflected 
from the subsurface material, which is then recorded with a receiver and electronically converted into a 
graphic picture. 
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4.0 RESPONSIBILITIES 

Project Manager (PM)/Task Order Manager (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 
 
Site Manager (SM)/Field Operations Leader (FOL) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPs or as otherwise directed by the approved 
project plan(s). 
 
Site Health & Safety Officer (SHSO) – Responsible to provide technical assistance and verify full 
compliance with this SOP.  The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PM/TOM. 
 
Health & Safety Manager (HSM) – Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 
 
Site Personnel – Responsible for performing their work activities in accordance with this SOP and the 
TtNUS Health and Safety Policy. 
 
5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services.  These procedures are 
addressed individually from a buried and overhead standpoint. 
 
5.1 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence and/or location is unknown or incorrectly known on 
client properties.  This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services.  In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 
 
Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PM/TOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 
 
1. A comprehensive review must be made of any available property maps, blue lines, or as-builts 

prior to site activities.  Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities.  
Information regarding utility locations shall be added to project maps upon completion of this 
exercise.  

 
2., A visual site inspection must be performed to compare the site plan information to actual field 

conditions.  Any findings must be documented and the site plan/maps revised.  The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities.  The site inspection should 
focus on locating surface indications of potential underground utilities.  Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions.  
Note the location of any emergency shut off switches.  Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PM/TOM.  

 
3. If the planned work is to be conducted on private property (e.g., military installations, 

manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel 
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements.  It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities.  

 
4. If the work location is on public property, the state agency that performs utility clearances must be 

notified (see Attachment 1).  State “one-call” services must be notified prior to commencing 
fieldwork per their requirements.  Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation.  Such services typically assign a "ticket" number to the 
particular site.  This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again.  The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame.  It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers.  Given this situation, “one call” systems may still be required to 
provide location services on military installations. 

 
5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 

accepted means.  The location of all utilities must be noted on a field sketch for future inclusion 
on project maps.  Utility locations are to be identified using the following industry-standard color 
code scheme, unless the property owner or utility locator service uses a different color code: 

 
 white excavation/subsurface investigation location 
 red electrical 
 yellow gas, oil, steam 
 orange telephone, communications 
 blue water, irrigation, slurry  
 green sewer, drain 

 
6. Where utility locations are not confirmed with a high degree of confidence through drawings, 

schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation.  In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools.  Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP.  Each 
method has advantages and disadvantages including complexity, applicability, and price.  It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

 
7. At each location where trenching or excavating will occur using a backhoe or other heavy 

equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass.  If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation.  

 
8. All utilities uncovered or undermined during excavation must be structurally supported to prevent 

potential damage.  Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM.  All repairs require that the line be 
locked-out/tagged-out prior to work.  
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5.2 Overhead Power Lines 

If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician.  If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 
 
The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 
 

Nominal Voltage Minimum Clearance 
0 -50 kV 10 feet, or one mast length; whichever is greater 

 
50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 

mast lengths; whichever is greater 
 
6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed.  The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 
 
6.1 Geophysical Methods 

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar.  
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and 
ground penetrating radar surveys can be found in one or more of the TtNUS SOPs included in the 
References (Section 8.0). 
 
Electromagnetic Induction 

Electromagnetic Induction (EMI) line locators operate either by locating a background signal or by 
locating a signal introduced into the utility line using a transmitter.  A utility line acts like a radio antenna, 
producing electrons, which can be picked up with a radiofrequency receiver.  Electrical current carrying 
conductors have a 60HZ signal associated with them.  This signal occurs in all power lines regardless of 
voltage.  Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which 
can be picked up with an EM receiver.  A typical example of this type of geophysical equipment is an EM-
61.    
 
EMI locators specifically designed for utility locating use a special signal that is either indirectly induced 
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp.  
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little 
chance of the resulting signals being interfered with.  A good example of this type of equipment is the 
Schonstedt® MAC-51B locator.  The MAC-51B performs inductively traced surveys, simple magnetic 
locating, and traced nonmetallic surveys.   
 
When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used.  
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the 
pipe. 
 



 Subject 
 

UTILITY LOCATING AND  
EXCAVATION CLEARANCE 

Number 
 HS-1.0 

Page 
 6 of 15 

Revision 
 3 

Effective Date 

 01/2012 

 
 

019611/P Tetra Tech 

 

Magnetics 

Magnetic locators operate by detecting the relative amounts of buried ferrous metal.  They are incapable 
of locating or identifying nonferrous utility lines but can be very useful for locating underground storage 
tanks (UST's), steel utility lines, and buried electrical lines.  A typical example of this type of equipment is 
the Schonstedt® GA-52Cx locator.  The GA-52Cx is capable of locating 4-inch steel pipe up to 8 feet 
deep. 
 
Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line.  A signal 
is then introduced to the snake that is then traced. 
 
Ground Penetrating Radar  

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the 
ground via a transmitter.  Some portion of the signal will be reflected from the subsurface material, which 
is then recorded with a receiver and electronically converted into a graphic picture.  In general, an object 
which is harder than the surrounding soil will reflect a stronger signal.  Utilities, tunnels, UST's, and 
footings will reflect a stronger signal than the surrounding soil.  Although this surface detection method 
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. 
gas, electrical vs. telephone); hence, verification may be necessary using other methods.  This method is 
somewhat limited when used in areas with clay soil types or with a high water table. 
 
6.2 Passive Detection Surveys  

Acoustic Surveys 

Acoustic location methods are generally most applicable to waterlines or gas lines.  A highly sensitive 
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds 
introduced into the water main using a transducer.  Acoustics may also be applicable to determine the 
location of plastic gas lines. 
 
Thermal Imaging  

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object. 
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or 
a monitor.  The operator does not look for an exact temperature; rather they look for heat anomalies 
(either elevated or suppressed temperatures) characteristic of a potential utility line.  
 
The thermal fingerprint of underground utilities results from differences in temperature between the 
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance.  In addition, 
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture 
content of underground utility trenches.  High-performance thermal imagery can detect temperature 
differences to hundredths of a degree. 
 
6.3 Intrusive Detection Surveys  

Vacuum Excavation  

Vacuum excavation is used to physically expose utility services.  The process involves removing the 
surface material over approximately a 1' x 1' area at the site location.  The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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debris.  This process ensures the integrity of the utility line during the excavation process, as no 
hammers, blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the 
risk of damage to utilities.  The process continues until the utility is uncovered. Vacuum excavation can be 
used at the proposed site location to excavate below the "utility window" which is usually 8 feet.  
 
Hand Excavation 

When the identification and location of underground utilities cannot be positively confirmed through 
document reviews and/or other methods, borings and excavations may be cleared via the use of non-
conductive hand tools.  This should always be done in conjunction with the use of detection equipment.  
This would be required for all locations where there is a potential to impact buried utilities.  The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site.  This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region.  Attachment 2 presents frost line depths for the regions of the 
contiguous United States.  At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs).  For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig 
auger or bit prior to drilling.  For soil gas surveys, the survey probe shall be placed as close as possible to 
the cleared hand excavation.  It is important to note that a post-hole digger must not be used in this type 
of hand excavation activity. 
 
Tile Probe Surveys 

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be 
used.  A tile probe is a “T”-handled rod of varying lengths that can be pushed into the soil to determine if 
any obstructions exist at that location.  Tile probes constructed of fiberglass or other nonconductive 
material are readily-available from numerous vendors.  Tile probes must be performed to the same depth 
requirements as previously specified.  As with other types of hand excavating activities, the use of a non-
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment. 
 
7.0 INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 
 
1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 

specified by the client or property owner. 
 

2. Notify the property owner and/or client that the locations are marked.  At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utility clearance.  

 
Note:  Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

 
3. Notify “One Call” service.  If possible, arrange for an appointment to show the One Call 

representative the surface locations or excavation boundaries in person.  This will provide a 
better location designation to the utilities they represent.  You should have additional drawings 
should you need to provide plot plans to the One Call service. 

 
4. Implement supplemental utility detection techniques as necessary and appropriate to conform 

utility locations or the absence thereof. 
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5. Complete Attachment 3, Utility Clearance Form.  This form should be completed for each 

excavation location.  In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form.  Upon completion, the Utility Clearance Form and 
revised/annotated utility location map becomes part of the project file. 

 
8.0 REFERENCES 

OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
Tt Utility Locating and Clearance Policy 
Tt SOP GH-3.1; Resistivity and Electromagnetic Induction 
Tt SOP GH-3.2; Magnetic and Metal Detection Surveys  
Tt SOP GH-3.4; Ground-penetrating Radar Surveys  
 



American Public Works Association 
2345 Grand Boulevard, Suite 500, Kansas City, MO 64108-2625 
Phone (816) 472-6100 • Fax (816) 472-1610 
Web vvww.apwa.net  • E-mail apwaigapwa.net  

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DIRECTORY 

Ala bama 
Alabama One-Call 
1-800-292-8525 

Alaska 
Locate Call Center of Alaska. Inc. 
1-800-478-3121 

Arizona 
Arizona Blue Stake 
1-800-782-5348 

Arkansas 
Arkansas One Call System, Inc 
1-800-482-8998 

California 
Underground Service Alen North 
1-800-227-2600 
Underground Service Alert of Southern 

California 
1-800-227-2600 

Colorado 
Utility Notification Center of Colorado 
1-800-922-1987 

Connecticut 
Call Before You Dig 
1-800-922-4455 

Delaware 
Miss Utility of Delmarva 
1-800-282-8555 

Florida 
Sunshine State 	 Florida,   One-Call of Inc 
1-800-432-4770 

Georgia 
Underground Protection Center, Inc. 
1-800-282-7411 

Hawaii 
Underground Service Alert North 
1-800-227-2600 

Idaho 
Dig Line Inc 
1-800-342-1585 
Kootenai County One-Call 
1-800-428-4950 
Shoshone - Benewah One-Call 
1-800-398-3285 

Illinois 
JULIE, Inc. 
1-800-892-0123 
Digger (Chicago Utility Alert Network) 
312-744-7000 

Indiana 
Indiana Underground Plant Protection 

Service 
1-800-382-5544 

Iowa 
Iowa One-Call 
1-800-292-8989 

Kansas 
Kansas One-Call System, Inc. 
1-800-344-7233 

Kentucky 
Kentucky Underground Protection Inc. 
1-800-752-6007 

Louisiana 
Louisiana One Call System, Inc. 
1-800-272-3320 

Maine 
Dig Safe System. Inc. 
1-888-344-7233 

Maryland 
Miss Utility 
1-800-257-7777 
Miss Utility of Delmarva 
1-800-282-8555 

Massachusetts 
Dig sate System, 
1-888.344-7233 

Michigan 
Miss Dig System, Inc. 
1-800-482-7171 

Minnesota 
Gopher State One Call 
1-800-252-1166 

Mississippi 
Mississippi One-Call System, Inc 
1-800-227-6477 

Missouri 
Missouri One-Call System, Inc. 
1-800-344-7483 

Montana 
Utilities Underground Protection Center 
1-800424-5555 
Montana One Call Center 
1-800-551-8344 

Nebraska 
Diggers Hotline of Nebraska 
1-800-331-5666 

Nevada 
Underground Service Alert North 
1-800-227-2600 

New Hampshire 
Dig Safe System, Inc. 
1-888-344-7233 

New Jersey 
New Jersey One Gall 
1-800-272-1000 

New Mexico 
New Mexico One Call System, Inc. 
1-800-321-2537 
Las Cruces- Dona Ana Blue Stakes 
1-888-528-0400 

New York 
Dig Safely New York 
1-800-962-7962 
New York City- Long Island One Call 

Center 
1-800-272-4480 

North Carolina 
The North Carolina One-Call Center, 

Inc. 
1-800-632-4949 

North Dakota 
North Dakota One-Call 
1-800-795-0555 

Ohio 
Ohio Utilities Protection Service 
1.800-362-2764 
Oil & Gas Producers Underground 

Protect'n Svc 
1-800-925-0988 

Oklahoma 
Call Okie 
1-800-522-6543 

Oregon 
Oregon Utility Notification Center/One 

Call Concepts 
1-800-332-2344 

Pennsylvania 
Pennsylvania One Call System, Inc, 
1-800-242-1770 

Rhode Island 
Dig Safe System, Inc. 
1-888-344-7233 

South Carolina 
Palmetto Utility Protection Service Inc 
1-888-721-7877 

South Dakota 
South Dakota One Call 
1-800-781-7474 

Tennessee 
Tennessee One-Call System Inc 
1-800-351-1111 

 Subject 
 

UTILITY LOCATING AND  
EXCAVATION CLEARANCE 

Number 
 HS-1.0 

Page 
 9 of 15 

Revision 
 3 

Effective Date 

 01/2012 

 
 

019611/P Tetra Tech 

 

ATTACHMENT 1 
LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES 

 

 



Texas 
Texas One Call System 
1-800-245-4545 
Texas Excavation Safety System, Inc. 
1-800-344-8377 
Lone Star Notification Center 
1-800-669-8344 

Utah 
Blue Stakes of Utah 
1-800-662-4111 

Vermont 
Dig Safe System, Inc. 
1-888-344-7233 

Virginia 
Miss Utility of Virginia 
1.800-552-7001 
Miss Utility (Northern Virginia) 
1-800-257-7777 

Washington 
Utilities Underground Location Center 
1-800-424-5555 
Northwest Utility Notification Center 
1-800-553-4344 
Inland Empire Utility Coordinating 

Council 
509-456-8000 

West Virginia 
Miss Utility of West Virginia. Inc. 
1-800-245-4848 

Wisconsin 
Diggers Hotline, Inc. 
1-800-242-8511 

Wyoming 
Wyoming One-Call System. Inc. 
1-800-348-1030 
Call before You Dig of Wyoming 
1-800-849-2476 

District of Columbia 
Miss Utility 
1-800-257-7777 

Alberta 
Alberta One-Call Corporation 
1-800-242-3447 

British Columbia 
BC One Cal 
1-800-474-6886 

Ontario 
Ontano One-Call System 
1-800-400-2255 

Quebec 
Info-Excavation 
1-800-663-9228 
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ATTACHMENT 1 (Continued) 
 

 



FROST PENETRATION 

Average Depth In Inches 

Courtesy U.S. Department Of Commerce 
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ATTACHMENT 2 
 

FROST LINE PENETRATION DEPTHS BY GEOGRAPHIC LOCATION 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client:       Project Name:        

Project No.:      Completed By:        

Location Name:      Work Date:       

Excavation Method/Overhead Equipment:         

1. Underground Utilities        Circle One 

 a)  Review of existing maps?      yes   no   N/A 

b) Interview local personnel?      yes   no   N/A 

c) Site visit and inspection?      yes   no   N/A 

 d) Excavation areas marked in the field?     yes   no   N/A 

 e) Utilities located in the field?      yes   no   N/A 

f) Located utilities marked/added to site maps?    yes   no   N/A 

g) Client contact notified       yes   no   N/A 
 Name     Telephone:       Date:     

 g) State One-Call agency called?      yes   no   N/A 
  Caller:        
  Ticket Number:         Date:     

 h) Geophysical survey performed?        yes   no   N/A 
Survey performed by:      

  Method:         Date:     

i) Hand excavation performed (with concurrent use of utility  yes   no   N/A 
 detection device)? 
 Completed by:       

  Total depth:  feet       Date:    

j) Trench/excavation probed?       yes   no   N/A 
Probing completed by:      

  Depth/frequency:        Date:     

2. Overhead Utilities        Present  Absent 

 a) Determination of nominal voltage     yes   no   N/A 
 b) Marked on site maps       yes   no   N/A 
 c) Necessary to lockout/insulate/re-route     yes   no   N/A 
 d) Document procedures used to lockout/insulate/re-route   yes   no   N/A 
 e) Minimum acceptable clearance (SOP Section 5.2):     

3. Notes:  
_____________________________________________________________________________ 
_____________________________________________________________________________ 
_____________________________________________________________________________ 

 Approval: 
            
 Site Manager/Field Operations Leader   Date 

c:  PM/Project File 
 Program File 



Mr. Joseph Caldwell 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
211 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7, 2003, we responded to your inquiry of September 18, 2002, regarding the 
use of hydro-vacuum equipment to locate underground utilities by excavation, After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition, a number of industry 
stakeholders, including the National Utility Contractors Association (NUCA), have provided new 
information regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry, 

Question: Section 1926.651 contains several requirements that relate to the safety of employees 
engaged in excavation work. Specifically, paragraphs (b)(2) and (b)(3) relate in part to the 
safety of the means used to locate underground utility installations that, if damaged during an 
uncovering operation, could pose serious hazards to employees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines, and further, would the use of hydro-vacuum excavation be acceptable under the 
standard? 

Answer 

Background 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651(Specific excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (b)(2) states: 

When utility companies or owners cannot respond to a request to locate underground utility 
installations within 24 hours * * * or cannot establish the exact location of these installations, the 
employer may proceed, provided the employer does so with caution, and provided detection 
equipment or other acceptable means to locate utility installations are used. (emphasis added). 

Paragraph (b)(3) provides: 
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ATTACHMENT 4 
OSHA LETTER OF INTERPRETATION 

 

 



When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceptable means. (emphasis 
added). 

Therefore, "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe and 
acceptable means." The preambles to both the proposed rule and the final rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15, 1987), noted that a 1972 version of this standard contained language that 
specified "careful probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equally 
effective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities 
have not been marked and detection equipment is not being used — "probing with hand-held 
tools." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31, 1989): 

OSHA received two comments * * and input from ACCSH IOSHA's Advisory Committee on 
Construction Safety and Health] * * on this provision. All commenters recommended dropping 
`such as probing with hand-held tools' from the proposed provision, because this could create a 
hazard to employees by damaging the installation or its insulation. 

In other words, the commenters objected to the use of hand tools being used unless detection 
equipment was used in conjunction with them. OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Non-conductive hand tools are permitted 

This raises the question of whether the standard permits the use of hand tools alone -- without 
also using detection equipment. NUCA and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non-
conductive or insulated probes were not discussed in the rulemaldng Since they were not 
considered at that time, they were not part of the class of equipment that was thought to be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand tools, when used with 
appropriate caution, is an "acceptable means" for locating underground utilities. 
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ATTACHMENT 4 (Continued) 
 

 



Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
"acceptable means" of locating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies 

We are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions, please feel free to contact us again by fax at: U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of Construction Standards and Compliance Assistance, fax # 
202-693-1689. You can also contact us by mail at the above office, Room N3468, 200 
Constitution Avenue, N.W., Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 

NOTE: OSHA requirements are set by statute, standards and regulations. Our interpretation 
letters explain these requirements and how they apply to particular circumstances, but they 
cannot create additional employer obligations. This letter constitutes OSHA=s interpretation 
of the requirements discussed. Note that our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
information. To keep apprised of such developments, you can consult OSHA's website at 
http://www.osha.gov. 
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ATTACHMENT 4 (Continued) 
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ATTACHMENT III 

EQUIPMENT INSPECTION CHECKLISTS



❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

 

 

 
 

Equipment Inspection Checklist for Drill Rigs 

Company:         Unit/Serial No#:       
 
Inspection Date:       /      /      Time:  :  Equipment Type:       
            (e.g, Drill Rigs Hollow Stem, Mud Rotary, Direct Push, HDD)  

Project Name:        Project No#:        
 
Yes No NA Requirement Comments 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Emergency Stop Devices 
 Emergency Stop Devices (At points of operation) 

 Have all emergency shut offs identified been communicated to 

the field crew? 
 Has a person been designated as the Emergency Stop Device 

Operator? 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

Highway Use 
 Cab, mirrors, safety glass? 

 Turn signals, lights, brake lights, etc. (front/rear) for equipment 
approved for highway use? 

 Seat Belts? 

 Is the equipment equipped with audible back-up alarms and 
back-up lights? 

 Horn and gauges 
 Brake condition (dynamic, park, etc.) 

 Tires (Tread) or tracks 
 Windshield wipers 

 Exhaust system 
 Steering (standard and emergency) 

 Wheel Chocks? 

 Are tools and material secured to prevent movement during 
transport?  Especially those within the cab? 

 Are there flammables or solvents or other prohibited substances 
stored within the cab? 

 Are tools or debris in the cab that may adversely influence 
operation of the vehicle (in and around brakes, clutch, gas 

pedals) 

 



❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 
❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 
❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

 

 

 
 

Yes No NA Requirement Comments 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

Fluid Levels: 

 Engine oil 
 Transmission fluid 

 Brake fluid 
 Cooling system fluid 

 Hoses and belts 
 Hydraulic oil 

 

 
 

 
 

 
 

 
 

 
 

 
 

High Pressure Hydraulic Lines 
 Obvious damage 

 Operator protected from accidental release 
 Coupling devices, connectors, retention cables/pins are in good 

condition and in place 

 

 
 

 
 

 

 

 

 
 

 
 

 

 

 

 
 

 
 

 

 

 

Mast Condition 
 Structural components/tubing 

 Connection points 
 Pins 

 Welds 

 Outriggers 
 Operational 

 Plumb (when raised) 

 

 
 

 
 

 

 
 

 

 

 
 

 
 

 

 
 

 

 

 
 

 
 

 

 
 

 

 

Hooks 
 Are the hooks equipped with Safety Latches? 

 Does it appear that the hook is showing signs of wear in excess 
of 10% original dimension? 

 Is there a bend or twist exceeding 10% from the plane of an 

unbent hook? 
 Increase in throat opening exceeding 15% from new condition 

 Excessive nicks and/or gouges 
 Clips 

 Number of U-Type (Crosby) Clips 
(cable size 5/16 – 5/8 = 3 clips minimum) 

(cable size 3/4 – 1 inch = 4 clips minimum) 
(cable size 1 1/8 – 1 3/8 inch = 5 clips minimum) 

 



 

 

 
 

Yes No NA Requirement Comments 

 

 
 

 
 

 
 

 

 
 

 
 

 

 

 
 

 
 

 
 

 

 
 

 
 

 

 

 
 

 
 

 
 

 

 
 

 
 

 

Power cable and/or hoist cable 
 Reduction in Rope diameter π 

(5/16 wire rope>1/64 reduction nominal size -replace) 
(3/8 to 1/2 wire rope>1/32 reduction nominal size-replace) 

(9/16 to 3/4 wire rope>3/64 reduction nominal size-replace) 
 Number of broken wires  

(6 randomly broken wires in one rope lay) 
(3 broken wires in one strand) 

 Number of wire rope wraps left on the Running Drum at nominal 
use (>3 required) 

- Lead (primary) sheave is centered on the running drum 

 Lubrication of wire rope (adequate?) 
 Kinks, bends – Flattened to > 50% diameter 

 

 

 
 

 

 

 
 

 

 

 
 

 

Hemp/Fiber rope (Cathead/Split Spoon Hammer) 

 Minimum ¾; maximum 1 inch rope diameter (Inspect for 
physical damage) 

 Rope to hammer is securely fastened 

 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

Safety Guards –  
 Around rotating apparatus (belts, pulleys, sprockets, spindles, 

drums, flywheels, chains) all points of operations protected 

from accidental contact? 
 Hot pipes and surfaces exposed to accidental contact? 

 High pressure lines 
 Nip/pinch points 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

Operator Qualifications 

 Does the operator have proper licensing where applicable, 
(e.g., CDL)? 

 Does the operator, understand the equipment’s operating 

instructions? 
 Is the operator experienced with this equipment? 

 Is the operator 21 years of age or more?  

 



O O 
	

O 

 

 

 
 

Yes No NA Requirement Comments 

 

 
 

 
 

 

 

 

 

 
 

 
 

 

 

 

 

 
 

 
 

 

 

 

PPE Required for Drill Rig Exclusion Zone 

 Hardhat 
 Safety glasses 

 Work gloves 
 Chemical resistant gloves     

  
 Steel toed Work Boots 

 Chemical resistant Boot Covers 

 Apron 
 Coveralls Tyvek, Saranex, cotton)      

 

 

 
 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 
 

 

 
 

Other Hazards 

 Excessive Noise Levels?     dBA 
 Chemical hazards (Drilling supplies - Sand, bentonite, grout, 

fuel, etc.) 
- MSDSs available? 

 Will On-site fueling occur 

- Safety cans available? 
- Fire extinguisher (Type/Rating -__________ _  )  

 

 
Approved for Use  Yes   No   See Comments 
 

 
                  

Site Health and Safety Officer       Operator 



 

 

ATTACHMENT IV 

OSHA POSTER



1• 

Job Safety 
and Health 
It's the law! 
EMPLOYEES: 

• You have the right to notify your employer or OSHA 
about workplace hazards. You may ask OSHA to  keep 
your name confidential. 

• You  have the right to request  an  OSHA inspection  if you 
believe  that  there  are  unsafe and unhealthful conditions 
in  your  workplace. You or  your  representative  may 
participate  in that inspection. 

• You can file a complaint with OSHA. within 30 days 
of  retaliation or discrimination  by  your  employer  for 
making safety and health  complaints  or for exercising 
your rights under the OSH Act. 

• You have the right to see OSHA  citations issued  to your 
employer. Your  employer  must post the citations at or 
near the place of the alleged violations. 

• Your employer must correct workplace hazards by the 
date irwlicated on the citation and must certify that 
these hazards  have been  reduced or eliminated, 

• You  have the right to copies of your medical records 
and  records of your  exposures  to toxic and harmful 
substances or conditions. 

• Your  employer must post this notice  in  your  workplace. 

• You  must  comply with all occupational safety and health 
standards issued under  the  OSH Act that apply to your 
own actions and conduct on the job. 

EMPLOYERS: 
• You must furnish your  employees  a place of employment 

free from recognized hazards. 

• You must comply with the occupational safety and  health 
standards issued under the  OSH  Act. 

This free poster available from OSHA -
The Bust Resource fur Safety and Health 

ecupationa ejtety 
an  Health Administration 

U.g.  Department of Libor 

Free assistance in identifying and 
correcting hazards or complying with 
standards is available to employers, 
without citation or penalty, through 
OSHA-supported consultation 
programs in each state. 

1-800-321-OSHA 
www.osha.gov  

4361.611. 8161-1 41la 
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CERTIFICATE OF ACCREDITATION 
ANSI-ASQ National Accreditation Board/ACLASS 

500 Montgomery Street, Suite 625, Alexandria, VA 22314, 877-344-3044 

This is to certify that 

TriMatrix Laboratories, Inc. 
5560 Corporate Exchange Court, SE 

Grand Rapids, MI 49512 
has been assessed by ACLASS 
and meets the requirements of  

ISO/IEC 17025:2005 and DoD-ELAP 
while demonstrating technical competence in the field(s) of 

TESTING 
Refer to the accompanying Scope(s) of Accreditation for information regarding the 

types of tests to which this accreditation applies. 
 
  ADE-1542 

        Certificate Number     
  

  
        ACLASS Approval 
 
Certificate Valid:  4/30/2011-04/30/2013        
Version No. 002        Issued: 12/23/2011 
                         

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2005.  This 
accreditation demonstrates technical competence for a defined scope and the operation of a laboratory quality 

management system (refer to joint ISO-ILAC-IAF Communiqué dated January 2009). 



 

ANSI-ASQ National Accreditation Board/ACLASS 
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         500 Montgomery St. Suite 625│ Alexandria, VA 22314│703-836-0025 │ www.aclasscorp.com 

 

SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 & DoD-ELAP  
 

TriMatrix Laboratories, Inc 
5560 Corporate Exchange Court, SE, Grand Rapids, MI 49512 

Rick Wilburn Phone:  616-975-4500 
 

TESTING 
 

Valid to:  April 30, 2013  Certificate Number:  ADE - 1542 

I. Environmental 

MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water/Solid TKN 351.2 Spectrophotometric 

Water/Solid 
Nitroaromatics and 

Nitramines 
8330A HPLC-UV 

Solid Ignitability 1020A Closed-Cup 

Water 
HEM Oil and 

Grease/SGT-HEM 
Non-Polar Material 

1664A/9070A Gravimetric 

Solid 
HEM Oil and 

Grease/SGT-HEM 
Non-Polar Material 

9071B Gravimetric 

Water  Metals 200.7/6010C ICP 

Solid Metals 6010C ICP 

Water Metals 200.8/6020A ICP MS 

Solid Metals 6020A ICP MS 

Water 
Calcium Hardness As 

CaCO3 
SM2340B ICP 

Water 
Total Hardness As 

CaCO3     
SM2340B ICP 

Water Mercury 245.1/7470A CVAA 



ss,, 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Solid Mercury 7471A CVAA 

Water Volatiles Organics 601/602/8021B GC-PID; HECD 

Solid Volatile Organics     8021B GC-PID; HECD 

Water Volatile Organics 524.2/624/8260B GCMS 

Solid Volatile Organics 8260B GCMS 

Water 
Organochlorine 

Pesticides 
608/8081B GC-ECD 

Solid 
Organochlorine 

Pesticides 
8081B GC-ECD 

Water 
Semivolatile Organic 

Compounds 
625/8270C GCMS 

Solid 
Semivolatile Organic 

Compounds 
8270C GCMS 

Water PCBs 608/8082A GC 

Solid PCBs 8082A GC 

Water/Solid 
Chlorinated 
Herbicides 

8151A GC-ECD 

Solid Paint Filter Test 9095B Filtration 

Water Sulfate ASTM D516-02(90); 9038 Turbidimetric 

Water 
Dissolved Gas 

Analysis 
RSK-175 GC-FID 

Water Color SM 2120B Platinum-Cobalt Color 

Water Turbidity SM2130B Nephelometric 

Water Acidity SM2310B Titrimetric 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water 
Total Alkalinity  

(as CaCO3) 
SM2320B Titrimetric 

Water  Conductivity SM2510B/9050A Specific Conductance 

Water 
Total Residue/Solids 

(TS) 
SM2540B Gravimetric 

Water 
Filterable Residue 

(TDS) 
SM2540C Gravimetric 

Water 
Non-Filterable 
Residue (TSS)              

SM 2540 D Gravimetric 

Solid Chromium (VI) Cr+6 3060A Digestion 

Water Chromium (VI) Cr+6 SM3500-Cr B/7196A Spectrophotometric 

Solid Chromium (VI) Cr+6 7196A Spectrophotometric 

Water Ferrous Iron SM 3500-Fe B Spectrophotometric 

Water Chloride SM 4500-Cl E/9251 Spectrophotometric 

Water/Solid Fluoride SM 4500-F C ISE 

Water pH and Corrosivity SM 4500-H+ B/9040C Potentiometric 

Solid pH and Corrosivity 9045D Potentiometric 

Water/Solid Ammonia-N SM 4500-NH3 B Distillation 

Water/Solid Ammonia-N SM 4500-NH3 G Spectrophotometric 

Water Nitrite-N SM 4500-NO2 B/NO3 F Spectrophotometric 

Water/Solid Nitrate-N SM 4500-NO3 F Spectrophotometric 

Water Nitrate+Nitrite-N SM 4500-NO3 F Spectrophotometric 



ss,, 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water Sulfide SM 4500-S2 D Spectrophotometric 

Water Sulfide SM 4500-S2 F Titrimetric 

Water/Solid Sulfide 9034 Titrimetric 

Water Sulfite SM 4500-SO3
2- B Titrimetric 

Water o-Phosphate SM 4500-P E Spectrophotometric 

Water/Solid Phosphorus Total SM 4500-P E Spectrophotometric 

Water Silica as SiO2 SM 4500-SiO2 D Spectrophotometric 

Water COD SM 5220 D Spectrophotometric 

Water 
Total Organic Carbon 

(TOC) 
SM 5310 C/9060A Oxidation/CO2 Det 

Water Surfactants (MBAS) SM 5540 C Spectrophotometric 

Water 
Heterotrophic 

Bacteria (Std Plate) 
SM 9215 B Microbiological 

Water Fecal Coliform SM 9222 D Microbiological 

Water 
Total Coliform, E. 

Coli 
SM 9223 B Microbiological 

Solid 
Total Residue/Solids 

(TS) 
SM 2540B Gravimetric 

Water/Solid 
Diesel Range 

Organics (DRO) 
Wisconsin DRO/8015C GC-FID 

Water/Solid 
Gasoline Range 
Organics (GRO) 

Wisconsin GRO/8015C GC-FID 

Water/Solid Oil Range Organics 8015C GC-FID 

Water/Solid TCLP 1311 Acetic Acid Leaching 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water/Solid SPLP 1312 Acetic Acid Leaching 

Solid 
Semivolatiles 

Extraction 
3550C Ultrasonic Extraction 

Water Metals Digestion 200.2 Block Digestion 

Solid 
Semivolatiles 

Extraction 
3545A Pressurized Fluid Ext 

Solid Volatiles Extraction 5035A Purge & Trap 

Solid Cyanide Extraction 9013A Extraction 

Water Metals Digestion 3010A Block Digestion 

Water Metals Digestion 3020A Block Digestion 

Solid Metals Digestion 3050B Block Digestion 

Water 
Semivolatiles 

Extraction 
3510C Separatory Funnel Ext 

Water Volatiles Extraction 5030B Purge & Trap/Water 

Water Volatile Residue (VS)                                                                                 160.4 Gravimetric 

Water Methoxychlor                                                                                         608 GC-ECD 

Water 
1,2-Dibromo-3-

Chloropropane & 1,2-
Dibromoethane 

8011 GC-ECD 

Water/Solid 
Nitroglycerine and 

PETN 
8332 HPLC-UV 

Water Mercury, Low-Level                                                                                              1631E CVAF 

Water Anions 300.0/9056A Ion Chromatographic 

Solid Anions 9056A Ion Chromatographic 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water Total Phenolics                                                                                            420.4/9065 Spectrophotometric 

Solid Total Phenolics 9065 Spectrophotometric 

Water 
Nonhalogenated 

Organics 
8015C GC-FID 

Water/Solid 
Semivolatile Organic 

Compounds 
8270C SIM GCMS 

Water/Solid Carbonyl Compounds 8315A HPLC-UV 

Water 
Total Organic Halides 

(TOX)                                                                           
9020B Coulometric Titration 

Water/Solid Sulfide                                                                                              9030B Distillation 

Solid 

Acid Volatile Sulfide 
and Selected 

Simultaneously  
Extractable Metals 

EPA  Method 821-R-91-
100 

Distillation/ 
Spectrophotometric 

Solid 
Total Organic Carbon 

(TOC)                                                                            
Lloyd Kahn  Infrared 

Water/Solid Cyanide Available OIA-1677 Amperometry 

Water 
Calcium Hardness As 

CaCO3                                                                            
SM 2340 C Titrimetric 

Water 
Total Hardness As 

CaCO3                                                                            
SM 2340 C Titrimetric 

Water Cyanide                                                                                        SM 4500-CN C/9010C Distillation 

Solid Cyanide 9010C Distillation 

Water Cyanide Total                                                                                        SM 4500-CN E/9014 Spectrophotometric 

Solid Cyanide Total 9014 Spectrophotometric 

Water Cyanide Amenable                                                                                     SM 4500-CN G/9014 Spectrophotometric 

Solid Cyanide Amenable 9014 Spectrophotometric 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water BOD and CBOD SM 5210 B Luminescence 

Solid 
Total Organic Carbon 

(TOC)                                                                            
WALKLEY BLACK Titrimetric 

Water Bromide ASTM D1246-88 ISE 

Notes: 
1. * = As Applicable 
2. ** = Refer to Accredited Analyte Listing for specific analytes in which the laboratory is accredited. 
3. This scope is part of and must be included with the Certificate of Accreditation No. ADE-1542 

 
_______________________ 

Vice President 
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NELAC 
Code Analyte

Trace Metals
1000 Aluminum 200.7 200.8 6010C 6020A 6010C

1005 Antimony 200.8 6020A 6020A

1010 Arsenic 200.7 200.8 6010C 6020A 6010C 6020A

1015 Barium 200.7 200.8 6010C 6020A 6010C 6020A

1020 Beryllium 200.7 200.8 6010C 6020A 6010C 6020A

1025 Boron 200.7 200.8 6010C 6020A 6010C 6020A

1030 Cadmium 200.7 200.8 6010C 6020A 6010C 6020A

1035 Calcium 200.7 6010C 6010C

1040 Chromium, total 200.7 200.8 6010C 6020A 6010C 6020A

1045 Chromium VI SM3500Cr B 7196A 7196A

1050 Cobalt 200.7 200.8 6010C 6020A 6010C 6020A

1055 Copper 200.7 200.8 6010C 6020A 6010C 6020A

1070 Iron 200.7 6010C 6010C

1075 Lead 200.7 200.8 6010C 6020A 6010C 6020A

1085 Magnesium 200.7 6010C 6010C

1090 Manganese 200.7 200.8 6010C 6020A 6010C 6020A

1095 Mercury 245.1 7470A 7471A

1095 Mercury (Low Level) 1631E

1100 Molybdenum 200.7 200.8 6010C 6020A 6010C 6020A

1105 Nickel 200.7 200.8 6010C 6020A 6010C 6020A

1125 Potassium 200.7 6010C 6010C

1140 Selenium 200.7 200.8 6010C 6020A 6010C 6020A

1150 Silver 200.7 200.8 6010C 6020A 6010C 6020A

1155 Sodium 200.7 6010C 6010C

1160 Strontium 200.7 200.8 6010C 6020A 6010C

1165 Thallium 200.7 200.8 6010C 6020A 6010C 6020A

1175 Tin 200.7 200.8 6010C 6020A 6010C 6020A

1180 Titanium 200.7 6010C 6010C

1185 Vanadium 200.7 200.8 6010C 6020A 6010C 6020A

1190 Zinc 200.7 200.8 6010C 6020A 6010C 6020A

Demands 
2040 TOC SM5310C 9060A Walkley Black Lloyd Kahn

1565 COD SM5220D

Misc Analytes
1505 Total Alkalinity (as CaCO3) SM2320B

BOD and CBOD SM5210B

Calcium Hardness as CaCO3 SM2340B SM2340C

1550 Total Hardness as CaCO3 SM2340B SM2340C

1960 Total Residue/Solids (TS) SM2540B 3550C

1705 Filterable Residue (TDS) SM2540C

1780 Ignitability 1020A

1955 Non-Filterable Residue (TSS) SM2540D

Volitile Residue (VS) 160.4

pH 9040C SM4500H+B 9045D

2005 Sulfide SM4500S2- D SM4500S2- F 9034 9034

1645 Total Cyanide SM4500CN E 9014 9014

1510 Cyanide, Amenable SM4500-CN G 9014 9014

1515  Ammonia SM4500NH3-G SM4500NH3-G

1610 Conductivity SM2510B 9050A

1795 Nitrogen, Total Kjeldahl (TKN) 351.2 351.2

1905 Total Phenolics 420.4 9065 9065

2045 Total Organic Halides (TOX) 9020B

1540 Bromide ASTM D1246-88 9056A 9056A

1575 Chloride SM4500Cl-E 9251 300.0 9056A 9056A

1730 Fluoride SM4500F-C 300.0 9056A 9056A SM4500F-C
1810 Nitrate as N SM4500NO3-F 300.0 9056A 9056A SM4500NO3-F

1840 Nitrite as N SM4500NO2-B SM4500NO3-F 300.0 9056A 9056A

1820 Nitrate + Nitrite as N SM4500NO3-F 300.0 9056A 9056A

1870 ortho-phosphorus SM4500P-E

1910 Total Phosphorus SM4500P-E SM4500P-E

1990 Silica as SiO2 SM4500-Si D

2000 Sulfate ASTM D516-02 9038 300.0 9056A 9056A

2025 Surfactants - MBAS SM5540C

Fecal Coliform SM9222D

Heterotrophic Bacteria (Std Plate) SM9215B

Total Coliform, E. Coli SM9223B

2055 Turbidity SM2130B

Petroleum Hydrocarbons
1935 SGT-HEM; Non-Polar Material 1664A 9070A 9071B

1860 HEM; Oil and Grease 1664A 9070A 9071B

9408 Gasoline Range Organics (GRO) 8015C Wisconsin GRO 8015C Wisconsin GRO

9369 Diesel Range Organics (DRO) 8015C Wisconsin DRO 8015C Wisconsin DRO

Oil Range Organics (ORO) 8015C 8015C

VOCs
4315 Acetone 624 8260B 8260B

4320 Acetonitrile 624 8260B 8260B

4325 Acrolein 624 8260B 8260B

4340 Acrylonitrile 624 8260B 8260B

4375 Benzene 524.2 624 8260B 602 8021B 8021B 8260B

4385 Bromobenzene 524.2 8260B 601 8021B 8021B 8260B

4390 Bromochloromethane 524.2 8260B 8260B

4395 Bromodichloromethane 524.2 624 8260B 601 8021B 8021B 8260B

4400 Bromoform 524.2 624 8260B 601 8021B 8021B 8260B

4950 Bromomethane 524.2 624 8260B 601 8021B 8021B 8260B

4410 2-Butanone (MEK) 624 8260B 8260B

4435 n-Butylbenzene 524.2 8260B 8260B

4440 sec-Butylbenzene 524.2 8260B 8260B

4445 tert-Butylbenzene 524.2 8260B 8260B

4450 Carbon disulfide 624 8260B 8260B

4455 Carbon Tetrachloride 524.2 624 8260B 601 8021B 8021B 8260B

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI
TriMatrix Laboratoires, Inc.

Matrix

Aqueous
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NELAC 
Code Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI
TriMatrix Laboratoires, Inc.

Matrix

Aqueous
4475 Chlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B

4575 Chlorodibromomethane 524.2 624 8260B 601 8021B 8021B 8260B

4485 Chloroethane 524.2 624 8260B 601 8021B 8021B 8260B

4500 2-Chloroethylvinylether 624 8260B 601 8021B 8021B 8260B

4505 Chloroform 524.2 624 8260B 601 8021B 8021B 8260B

4960 Chloromethane 524.2 624 8260B 601 8021B 8021B 8260B

4535 2-Chlorotoluene 524.2 8260B 8260B

4540 4-Chlorotoluene 524.2 8260B 8260B

4570 1,2-Dibromo-3-chloropropane (DBCP) 624 8260B 601 8021B 8021B 8260B

4585 1,2-Dibromoethane (EDB) 624 8260B 601 8021B 8021B 8260B

4595 Dibromomethane 524.2 624 8260B 601 8021B 8021B 8260B

4610 1,2-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B

4615 1,3-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B

4620 1,4-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B

4625 Dichlorodifluoromethane 524.2 624 8260B 601 8021B 8021B 8260B

4630 1,1-Dichloroethane 524.2 624 8260B 601 8021B 8021B 8260B

4635 1,2-Dichloroethane 524.2 624 8260B 601 8021B 8021B 8260B

4640 1,1-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B

4645 cis -1,2-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B

4700 trans-1,2-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B

4975 Dichloromethane (Methylene Chloride) 524.2 624 8260B 601 8021B 8021B 8260B

4655 1,2-Dichloropropane 524.2 624 8260B 601 8021B 8021B 8260B

4660 1,3-Dichloropropane 524.2 8260B 8260B

4665 2,2-Dichloropropane 524.2 8260B 8260B

4670 1,1-Dichloropropene 524.2 8260B 8260B

4680 cis-1,3-Dichloropropene 524.2 624 8260B 601 8021B 8021B 8260B

4685 trans -1,3-Dichloropropene 524.2 624 8260B 601 8021B 8021B 8260B

9375 Di-isopropylether (DIPE) 8260B 8260B

4765 Ethylbenzene 524.2 624 8260B 602 8021B 8021B 8260B

3815 1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 8260B 8260B

4835 Hexachlorobutadiene 524.2 624 8260B 8260B

4860 2-Hexanone 624 8260B 8260B

4900 Isopropylbenzene 524.2 624 8260B 601 8021B 8021B 8260B

4910 4-Isopropyltoluene 524.2 8260B 8260B

4995 4-Methyl-2-pentanone (MIBK) 624 8260B 8260B

5000 Methyl-tert-butylether (MTBE) 524.2 624 8260B 602 8021B 8021B 8260B

5005 Naphthalene 524.2 624 8260B 601 8021B 8021B 8260B

5090 n-Propylbenzene 524.2 8260B 8260B

5100 Styrene 524.2 624 8260B 601 8021B 8021B 8260B

4370 tert-amylmethylether (TAME) 8260B 8260B

5105 1,1,1,2-Tetrachloroethane 524.2 624 8260B 601 8021B 8021B 8260B

5110 1,1,2,2-Tetrachloroethane 524.2 624 8260B 601 8021B 8021B 8260B

5115 Tetrachloroethene 524.2 624 8260B 601 8021B 8021B 8260B

5140 Toluene 524.2 624 8260B 602 8021B 8021B 8260B

5150 1,2,3-Trichlorobenzene 524.2 8260B 8260B

5155 1,2,4-Trichlorobenzene 524.2 624 8260B 601 8021B 8021B 8260B

5160 1,1,1-Trichloroethane 524.2 624 8260B 601 8021B 8021B 8260B

5165 1,1,2-Trichloroethane 524.2 624 8260B 601 8021B 8021B 8260B

5170 Trichloroethene 524.2 624 8260B 601 8021B 8021B 8260B

5175 Trichlorofluoromethane (Freon 11) 524.2 624 8260B 601 8021B 8021B 8260B

5180 1,2,3-Trichloropropane 524.2 624 8260B 601 8021B 8021B 8260B

5210 1,2,4-Trimethylbenzene 524.2 8260B 8260B

5215 1,3,5-Trimethylbenzene 524.2 8260B 8260B

5225 Vinyl acetate 624 8260B 601 8021B 8021B 8260B

5235 Vinyl chloride 524.2 624 8260B 601 8021B 8021B 8260B

5250 o-Xylene 624 8260B 602 8260B

5240 m+p-Xylene 624 8260B 602 8260B

5260 Xylenes, total 524.2 624 8260B 602 8021B 8021B 8260B

SVOCs - Base/Neutrals/Acids
5500 Acenaphthene 8270C SIM 625 8270C 8270C 8270C SIM

5505 Acenaphthylene 8270C SiM 625 8270C 8270C 8270C SIM

5545 Aniline 625 8270C 8270C

5555 Anthracene 8270C SIM 625 8270C 8270C 8270C SIM

5575 Benzo(a)anthracene 8270C SIM 625 8270C 8270C 8270C SIM

5585 Benzo(b)fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM

5600 Benzo(k)fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM

5590 Benzo(g,h,i)perylene 8270C SIM 625 8270C 8270C 8270C SIM

5580 Benzo(a)pyrene 8270C SIM 625 8270C 8270C 8270C SIM

5595 Benzidine 625 8270C 8270C

5610 Benzoic acid 625 8270C 8270C

5630 Benzyl alcohol 625 8270C 8270C

5660 4-Bromophenyl-phenylether 625 8270C 8270C

5670 Butyl benzyl phthalate 625 8270C 8270C

5680 Carbazole 8270C

5745 4-Chloroaniline 625 8270C 8270C

5760 bis(2-Chloroethoxy)methane 625 8270C 8270C

5765 bis(2-Chloroethyl)ether 625 8270C 8270C

5780 bis(2-Chloroiospropyl) ether 625 8270C 8270C

5700 4-Chloro-3-methylphenol 625 8270C 8270C

5795 2-Chloronaphthalene 625 8270C 8270C

5825 4-Chlorophenyl-phenylether 625 8270C 8270C

5800 2-Chlorophenol 625 8270C 8270C

5855 Chrysene 8270C SIM 625 8270C 8270C 8270C SIM

5895 Dibenzo(a,h)anthracene 8270C SIM 625 8270C 8270C 8270C SIM

5905 Dibenzofuran 625 8270C 8270C

5925 Di-n-butylphthalate 625 8270C 8270C

4610 1,2-Dichlorobenzene 625 8270C 8270C

4615 1,3-Dichlorobenzene 625 8270C 8270C

4620 1,4-Dichlorobenzene 625 8270C 8270C

5945 3,3'-Dichlorobenzidine 625 8270C 8270C

6000 2,4-Dichlorophenol 625 8270C 8270C

6005 2,6-Dichlorophenol 625 8270C 8270C

6070 Diethyl phthalate 625 8270C 8270C

6130 2,4-Dimethylphenol 625 8270C 8270C
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6135 Dimethylphthalate 625 8270C 8270C

6175 2,4-Dinitrophenol 625 8270C 8270C

6185 2,4-Dinitrotoluene 625 8270C 8270C

6190 2,6-Dinitrotoluene 625 8270C 8270C

6200 Di-n-octylphthalate 625 8270C 8270C

4740 p-Dioxane 8270C 8270C

6065 bis(2-ethylhexyl) phthalate 625 8270C 8270C

6265 Fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM

6270 Fluorene 8270C SIM 625 8270C 8270C 8270C SIM

6275 Hexachlorobenzene 625 8270C 8270C

4835 Hexachlorobutadiene 625 8270C 8270C

6285 Hexachlorocyclopentadiene 625 8270C 8270C

4840 Hexachloroethane 625 8270C 8270C

6315 Indeno(1,2,3, cd)pyrene 8270C SIM 625 8270C 8270C 8270C SIM

6320 Isophorone 625 8270C 8270C

6360 2-Methyl-4,6-Dinitrophenol 625 8270C 8270C

6400 2-Methylphenol 625 8270C 8270C

6410 4-Methylphenol (and/or 3-Methylphenol) 625 8270C 8270C

6385 2-Methylnaphthalene 8270C SIM 625 8270C 8270C 8270C SIM

5005 Naphthalene 8270C SIM 8270C 8270C 8270C SIM

6460 2-Nitroaniline 625 8270C 8270C

6465 3-Nitroaniline 625 8270C 8270C

6470 4-Nitroaniline 625 8270C 8270C

5015 Nitrobenzene 625 8270C 8270C

6490 2-Nitrophenol 625 8270C 8270C

6500 4-Nitrophenol 625 8270C 8270C

6525 N-Nitrosodiethylamine 625 8270C 8270C

6530 N-Nitrosodimethylamine 625 8270C 8270C

6535 N-Nitrosodiphenylamine 625 8270C 8270C

6545 N-Nitroso-di-n-propylamine 625 8270C 8270C

6590 Pentachlorobenzene 625 8270C 8270C

6605 Pentachlorophenol 625 8270C 8270C

6615 Phenanthrene 8270C SIM 625 8270C 8270C 8270C SIM

6625 Phenol 625 8270C 8270C

6665 Pyrene 8270C SIM 625 8270C 8270C 8270C SIM

5095 Pyridine 625 8270C 8270C

6715 1,2,4,5-Tetrachlorobenzene 625 8270C 8270C

6735 2,3,4,6-Tetrachlorophenol 625 8270C 8270C

5145 o-Toluidine 625 8270C 8270C

5155 1,2,4-Trichlorobenzene 625 8270C 8270C

6835 2,4,5-Trichlorophenol 625 8270C 8270C

6840 2,4,6-Trichlorophenol 625 8270C 8270C

Nitroaromatic and Nitramines
9306 4-Amino-2,6-dinitrotoluene 8330A 8330A

9303 2-Amino-4,6-dinitrotoluene 8330A 8330A

6160 1,3-Dinitrobenzene 8330A 8330A

6185 2,4-Dinitrotoluene 8330A 8330A

6190 2,6-Dinitrotoluene 8330A 8330A

9522 HMX (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) 8330A 8330A

5015 Nitrobenzene 8330A 8330A

6485 Nitroglycerin 8332 8332

9507 2-Nitrotoluene 8330A 8330A

9510 3-Nitrotoluene 8330A 8330A

9513 4-Nitrotoluene 8330A 8330A

9558 Pentaerythritoltetranitrate 8332 8332

9432 RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) 8330A 8330A

6415 Tetryl (methyl-2,4,6-trinitrophenylnitramine) 8330A 8330A

6885 1,3,5-Trinitrobenzene 8330A 8330A

9651 2,4,6-Trinitrotoluene 8330A 8330A

Pesticides
7025 Aldrin 608 8081B 8081B

7110 alpha-BHC 608 8081B 8081B

7115 beta-BHC 608 8081B 8081B

7105 delta-BHC 608 8081B 8081B

7120 gamma-BHC (Lindane) 608 8081B 8081B

7240 alpha-Chlordane 608 8081B 8081B

7245 gamma-Chlordane 608 8081B 8081B

7250 Chlordane (technical) 608 8081B 8081B

7355 DDD (4,4) 608 8081B 8081B

7360 DDE (4,4) 608 8081B 8081B

7365 DDT (4,4) 608 8081B 8081B

7470 Dieldrin 608 8081B 8081B

7510 Endosulfan I 608 8081B 8081B

7515 Endosulfan II 608 8081B

7520 Endosulfan sulfate 608 8081B

7540 Endrin 608 8081B 8081B

7530 Endrin aldehyde 608 8081B 8081B

7535 Endrin ketone 608 8081B 8081B

7685 Heptachlor 608 8081B 8081B

7690 Heptachlor Epoxide (beta) 608 8081B 8081B

7810 Methoxychlor 608.2 8081B 8081B

8250 Toxaphene (total) 608 8081B 8081B

Organophoshorus Pesticides
7475 Dimethoate 8270C 8270C

8610 Dichlorvos 8270C 8270C

8625 Disulfoton 8270C 8270C

7955 Parathion, ethyl 8270C 8270C

7825 Parathion, methyl 8270C 8270C

7985 Phorate 8270C 8270C

8155 Sulfotepp 8270C 8270C

Herbicides
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8655 2,4,5-T 8151A 8151A

8650 2,4,5-TP (Silvex) 8151A 8151A

8545 2,4-D 8151A 8151A

8560 2,4-DB 8151A 8151A

8555 Dalapon 8151A 8151A

8595 Dicamba 8151A 8151A

8605 Dichloroprop 8151A 8151A

8620 Dinoseb 8151A 8151A

7775 MCPA 8151A 8151A

7780 MCPP 8151A 8151A

6605 Pentachlorophenol 8151A

8645 Picloram 8151A

PCBs
8880 Aroclor 1016 608 8082A 8082A

8885 Aroclor 1221 608 8082A 8082A

8890 Aroclor 1232 608 8082A 8082A

8895 Aroclor 1242 608 8082A 8082A

8900 Aroclor 1248 608 8082A 8082A

8905 Aroclor 1254 608 8082A 8082A

8910 Aroclor 1260 608 8082A 8082A

Misc. Analytes -Additional
Iron, Ferrous SM 3500-Fe B

Cyanide, Available OIA-1677 OIA-1677

Acidity SM 2310 B

Sulfite SM 4500-SO3 B

Paint Filter Liquids Test 9095B

Color SM 2120 B

Acid Volatile Sulfides (AVS/SEM) EPA-821-R-91-100

PCBs - Additional Aroclors
Aroclor 1262 608 8082A 8082A

Aroclor 1268 608 8082A 8082A

Misc. Organics
Ethane RSK-175

Ethylene RSK-175

Methane RSK-175

 Additional Compounds
Volatiles 
1,2-dibromo-3-chloropropane 8011

1,2-dibromoethane 8011

1,2,3-Trimethylbenzene 8260B 8260B

1,2,3-trichlorobenzene 8260B 8260B

1,2,3-trichloropropane 8260B 8260B

1,4-dichlorobenzene 8260B 8260B

1,4-dioxane 8260B 8260B

1-chlorohexane 8260B 8260B

sec-butanol 8015C 8260B 8015C 8260B

2-chloro-1,3-butadiene 8260B 8260B

2-methylnaphthalene 8260B 8260B

2-nitropropane 8260B 8260B

allyl chloride 8260B 8260B

cyclohexane 8260B 8260B

ETBE 8260B 8260B

ethyl acetate 8260B 8260B

ethyl ether 8260B 8260B

ethyl methacrylate 8260B 8260B

hexachloroethane 8260B 8260B

hexane 8260B 8260B

iodomethane 8260B 8260B

isobutanol 8015C 8260B 8015C 8260B

isopropanol 8015C 8260B 8015C 8260B

isopropyl ether 8260B 8260B

methacrylonitrile 8260B 8260B

methyl acetate 8260B 8260B

methyl methacrylate 8260B 8260B

methylcyclohexane 8260B 8260B

n-butanol 8015C 8260B 8015C 8260B

n-butyl acetate 8260B 8260B

n-propanol 8015C 8260B 8015C 8260B

propionitrile 8260B 8260B

t-butanol 8015C 8260B 8015C 8260B

tetrahydrofuran 8260B 8260B

trans-1,4,dichloro-2-butene 8260B 8260B

trichlorotrifluoromethane 8260B 8260B

SVOCs - Base/Neutrals/Acids 8270C 8270C

1,1'-Biphenyl 8270C 8270C

1,2-Bis(2-chloroethoxy)ethane 8270C 8270C

1,2-Diphenylhydrazine 8270C 8270C

1,3 Dinitrobenzene 8270C 8270C

1,4-Naphthoquinone 8270C 8270C

1,4-Phenylenediamine 8270C 8270C

1-Methylnaphthalene 8270C 8270C

1-Naphthylamine 8270C 8270C

1-Nitrosopyrrolidine 8270C 8270C

2-Acetylaminofluorene 8270C 8270C

2-Chloroaniline 8270C 8270C

2-Naphthylamine 8270C 8270C

2-Picoline 8270C 8270C

3,3'-Dimethylbenzidine 8270C 8270C
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3-Methylchloanthrene 8270C 8270C

4,6-Dinitro-2-methylphenol 8270C 8270C

4-Aminobiphenyl 8270C 8270C

5-Nitro-o-toluidine 8270C 8270C

7,12-Dimethylbenz(a)anthracene 8270C 8270C

a,a-Dimethylphenethylamine 8270C 8270C

Acetophenone 8270C 8270C

Aramite 8270C 8270C

Atrazine 8270C 8270C

Benzaldehyde 8270C 8270C

Benzo(b)fluoroanthene 8270C 8270C

Bis(2-ethylhexyl) adipate 8270C 8270C

Caprolactam 8270C 8270C

Chlorobenzilate 8270C 8270C

Diallate 8270C 8270C

Dicyclohexyl Phthalate 8270C 8270C

Dimethoate 8270C 8270C

Disulfoton 8270C 8270C

Ethyl Methacrylate 8270C 8270C

Ethyl Methansulfonate 8270C 8270C

Famphur 8270C 8270C

Hexachloropropene 8270C 8270C

Isodrin 8270C 8270C

Isosafrole 8270C 8270C

Kepone 8270C 8270C

Methapyrilene 8270C 8270C

Methyl Methacrylate 8270C 8270C

Methyl Methanesulfonate 8270C 8270C

Methylparathion 8270C 8270C

N-Nitroso-di-n-butylamine 8270C 8270C

N-Nitrosomethylethylamine 8270C 8270C

N-Nitrosomorpholine 8270C 8270C

N-Nitrosopiperidine 8270C 8270C

o,o,o-Triethylphosphorothioate 8270C 8270C

Parathion 8270C 8270C

p-Dimethylaminoazobenzene 8270C 8270C

Penacetin 8270C 8270C

Pentachloroethane 8270C 8270C

Pentachloronitrobenzene 8270C 8270C

Phorate 8270C 8270C

Pronamide 8270C 8270C

Safrole 8270C 8270C

Sulfotepp 8270C 8270C

Thionazin 8270C 8270C

1,3,5-Trinitrobenzene 8270C 8270C

Carbonyls
Formaldehyde 8315A 8315A

Acetaldehyde 8315A 8315A

Propanal 8315A 8315A

Crotonaldehyde 8315A 8315A

Butanal 8315A 8315A

Pentanal 8315A 8315A

Cyclohexanone 8315A 8315A

m-Tolualdehyde 8315A 8315A

Hexanal 8315A 8315A

Heptanal 8315A 8315A

Octanal 8315A 8315A

Nonanal 8315A 8315A

Decanal 8315A 8315A
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to specify a consistent sample nomenclature 
system that will facilitate subsequent data management in a cost-effective manner.  The sample 
nomenclature system has been devised such that the following objectives can be attained: 
 

• Sorting of data by matrix 

• Sorting of data by depth 

• Maintenance of consistency (field, laboratory, and database sample numbers) 

• Accommodation of all project-specific requirements 

• Accommodation of laboratory sample number length constraints (maximum of 20 characters) 
 

2.0 SCOPE 

The methods described in this SOP shall be used consistently for all projects requiring electronic data.  
Other contract- or project-specific sample nomenclature requirements may also be applicable.  
 

3.0 GLOSSARY 

None. 
 

4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Program Manager - It shall be the responsibility of the Project Manager (or designee) to inform contract-
specific Project Managers (PMs) of the existence and requirements of this SOP. 
 
Project Manager - It shall be the responsibility of the PM to determine the applicability of this SOP based 
on: (1) program-specific requirements and (2) project size and objectives.  It shall be the responsibility of 
the PM (or designee) to ensure that sample nomenclature requirements are thoroughly specified in the 
relevant project planning document (e.g., sampling and analysis plan) and are consistent with this SOP if 
relevant.  It shall be the responsibility of the PM to ensure that the FOL is familiar with the sample 
nomenclature system. 
 
Field Operations Leader (FOL) - It shall be the responsibility of the FOL to ensure that all field 
technicians or sampling personnel are thoroughly familiar with this SOP and the project-specific sample 
nomenclature system.  It shall be the responsibility of the FOL to ensure that the sample nomenclature 
system is used during all project-specific sampling efforts. 
 
General personnel qualifications for sample nomenclature activities in the field include the following: 
 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

 

• Familiarity with appropriate procedures for field documentation, handling, packaging, and shipping.  
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5.0 PROCEDURES 

5.1 INTRODUCTION 

The sample identification (ID) system can consist of as few as eight but not more than 20 distinct alpha-
numeric characters.  The sample ID will be provided to the laboratory on the sample labels and chain-of-
custody forms.  The basic sample ID provided to the laboratory has three segments and shall be as 
follows, where "A" indicates "alpha," and "N" indicates "numeric": 
 
 

A or N 
3 or 4 Characters 

AAA 
2 or 3 Characters 

A or N 
3 to 6 Characters 

Site Identifier Sample Type  Sample Location 

 
Additional segments may be added as needed.  For example: 
 
(1) Soil and sediment sample ID 
 

A or N 

3 or 4 Characters 

AAA 

2 or 3 Characters 

A or N 

3 to 6 Characters 

NNNN 

4 Characters 

Site identifier Sample type Sample location Sample depth 

 
(2) Aqueous (groundwater or surface water) sample ID 
 

A or N 

3 or 4 Characters 

AAA 

2 or 3 Characters 

A or N 

3 to 6 Characters 

NN 

2 Characters 

-A 

1 Character 

Site identifier Sample type Sample location Round number Filtered sample only 

 
(3) Biota sample ID 
 

A or N 
3 or 4 Characters 

AAA 
2 or 3 Characters 

A or N 
3 to 6 Characters 

AA 
2 Characters 

NNN 
3 Characters 

Site identifier Sample type Sample location Species 
identifier 

Sample group 
number 

 

5.2 SAMPLE IDENTIFICATION FIELD REQUIREMENTS 

The various fields in the sample ID include but are not limited to the following: 
 

• Site identifier 

• Sample type 

• Sample location 

• Sample depth  

• Sampling round number 

• Filtered 

• Species identifier 

• Sample group number 
 
The site identifier must be a three- or four-character field (numeric characters, alpha characters, or a 
mixture of alpha and numeric characters may be used).  A site number is necessary because many 
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facilities/sites have multiple individual sites, Solid Waste Management Units (SWMUs), Operable Units 
(OUs), etc.  Several examples are presented in Section 5.3 of this SOP. 
 
The sample type must be a two- or three-character alpha field.  Suggested codes are provided in 
Section 5.3 of this SOP. 
 
The sample location must be at least a three-character field but may have up to six characters (alpha, 
numeric, or a mixture).  The six characters may be useful in identifying a monitoring well to be sampled or 
describing a grid location. 
 
The sample depth field is used to note the depth below ground surface (bgs) at which a soil or sediment 
sample is collected.  The first two numbers of the four-number code specify the top interval, and the third 
and fourth specify the bottom interval in feet bgs of the sample.  If the sample depth is equal to or greater 
than 100, then only the top interval would be represented and the sampling depth would be truncated to 
three characters.  The depths will be noted in whole numbers only; further detail, if needed, will be 
recorded on the sample log sheet or boring log, in the logbook, etc. 
 
A two-digit round number will be used to track the number of aqueous samples collected from a particular 
aqueous sample location.  The first sample collected from a location will be assigned the round identifier 
01, the second 02, etc.  This applies to both existing and proposed monitoring wells and surface water 
locations. 
 
Aqueous samples that are field filtered (dissolved analysis) will be identified with an "-F" in the last field 
segment.  No entry in this segment signifies an unfiltered (total) sample. 
 
The species identifier must be a two-character alpha field.  Several suggested codes are provided in 
Section 5.3 of this SOP. 
 
The three-digit sample group number will be used to track the number of biota sample groups (a particular 
group size may be determined by sample technique, media type, the number of individual caught, weight 
issues, time, etc.) by species and location.  The first sample group of a particular species collected from a 
given location will be assigned the sample group number 001, and the second sample group of the same 
species collected from the same location will be assigned the sample group number 002. 
 

5.3 EXAMPLE SAMPLE FIELD DESIGNATIONS 

Examples of each of the fields are as follows: 
 
Site identifier - Examples of site numbers/designations are as follows: 
 
 A01 - Area of Concern (AOC) 1 
 125 - SWMU 125 
 000 - Base- or facility-wide sample (e.g., upgradient well) 
 BBG - Base background 
 
The examples cited are only suggestions.  Each PM (or designee) must designate appropriate (and 
consistent) site designations for their individual project. 
 
Sample type - Examples of sample types are as follows: 
 
 AH - Ash Sample 
 AS - Air Sample 
 BM - Building Material Sample 
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 BSB - Biota Sample Full Body 
 BSF - Biota Sample Fillet 
 CP - Composite Sample 
 CS - Chip Sample 
 DS - Drum Sample 
 DU - Dust Sample 
 FP - Free Product 
 IDW - Investigation-Derived Waste Sample 
 LT - Leachate Sample 
 MW - Monitoring Well Groundwater Sample 
 OF - Outfall Sample 
 RW - Residential Well Sample 
 SB - Soil Boring Sample 
 SD - Sediment Sample 
 SC - Scrape Sample 
 SG - Soil Gas Sample 
 SL - Sludge Sample 
 SP - Seep Sample 
 SS - Surface Soil Sample 
 ST  - Storm Sewer Water Sample 
 SW - Surface Water Sample 
 TP - Test Pit Sample 
 TW - Temporary Well Sample 
 WC - Well Construction Material Sample 
 WP - Wipe Sample 
 WS - Waste/Solid Sample 
 WW - Wastewater Sample 
 
Sample location - Examples of the location field are as follows: 
 
 001  - Monitoring well 1 
 N32E92 - Grid location 32 North and 92 East 
 D096  - Investigation-derived waste drum number 96 
 
Species identifier - Examples of species identifier are as follows: 
 
 BC  - Blue Crab 
 GB  - Blue Gill 
 CO  - Corn 
 SB  - Soybean 
 

5.4 EXAMPLES OF SAMPLE NOMENCLATURE 

The first round monitoring well groundwater sample collected from existing monitoring well 001 at SWMU 
16 for a filtered sample would be designated as 016MW00101-F. 
 
The second round monitoring well groundwater sample collected from existing monitoring well C20P2 at 
Site 23 for an unfiltered sample would be designated as 023MWC20P202. 
 
The second surface water sample collected from point 01 at SWMU 130 for an unfiltered sample would 
be designated as 130SW00102. 
 
A surface soil sample collected from grid location 32 North and 92 East at Site 32 at the 0- to 2-foot 
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interval would be designated as 032SSN32E920002. 
 
A subsurface soil sample from soil boring 03 at SWMU 32 at an interval of 4 to 5 feet bgs would be 
designated as 032SB0030405. 
 
A sediment sample collected at SWMU 19 from 0 to 6 inches at location 14 would be designated as 
019SD0140001.  The sample data sheet would reflect the precise depth at which this sample was 
collected. 
 
During biota sampling for full-body analysis, the first time a minnow trap was checked at grid location A25 
of SWMU 1415, three small blue gills were captured, collected, and designated with the sample ID of 
1415BSBA25BG001.  The second time blue gill were collected at the same location (grid location A25 at 
SWMU 1415), the sample ID would be 1415BSBA25BG002. 
 
Note: No dash (-) or spacing is used between the segments with the exception of the filtered segment.  
The "F" used for a filtered aqueous sample is preceded by a dash (-F). 
 

5.5 FIELD QA/QC SAMPLE NOMENCLATURE 

Field Quality Assurance (QA)/Quality Control (QC) samples are designated using a different coding 
system.  The QC code will consist of a three- to four-segment alpha-numeric code that identifies the 
sample QC type, the date the sample was collected, and the number of this type of QC sample collected 
on that date. 
 

AA NNNNNN NN -F 

QC type Date Sequence number 

(per day) 

Filtered 

(aqueous only, if needed) 

 
The QC types are identified as: 
 
TB = Trip Blank 
RB = Rinsate Blank (Equipment Blank) 
FD = Field Duplicate 
AB = Ambient Conditions Blank 
WB = Source Water Blank 
 
The sampling time recorded on the chain-of-custody form, labels, and tags for duplicate samples will be 
0000 so that the samples are "blind" to the laboratory.  Notes detailing the sample number, time, date, 
and type will be recorded on the routine sample log sheets and will document the location of the duplicate 
sample (sample log sheets are not provided to the laboratory).  Documentation for all other QC types (TB, 
RB, AB, and WB) will be recorded on the QC Sample Log Sheet (see SOP SA-6.3, Field Documentation). 
 

5.6 EXAMPLES OF FIELD QA/QC SAMPLE NOMENCLATURE 

The first duplicate of the day for a filtered groundwater sample collected on June 3, 2000, would be 
designated as FD06030001-F. 
 
The third duplicate of the day taken of a subsurface soil sample collected on November 17, 2003, would 
be designated as FD11170303. 
 
The first trip blank associated with samples collected on October 12, 2000, would be designated as 
TB10120001. 
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The only rinsate blank collected on November 17, 2001, would be designated as RB11170101. 
 

6.0 DEVIATIONS 

Any deviation from this SOP must be addressed in detail in the site-specific planning documents. 
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1.0 PURPOSE 

The purpose of this document is to specify a consistent procedure for the quality assurance review of 
electronic and hard copy databases.  This SOP outlines the requirements for establishment of a 
Database Record File, Quality Assurance review procedures, and documentation of the Quality 
Assurance Review Process. 
 
2.0 SCOPE 

The methods described in this Standard Operating Procedure (SOP) shall be used consistently for all 
projects managed by Tetra Tech. 
 
3.0 GLOSSARY 

Chain-of-Custody Form - A Chain-of-Custody Form is a printed form that accompanies a sample or a 
group of samples from the time of sample collection to the laboratory.  The Chain-of-Custody Form is 
retained with the samples during transfer of samples from one custodian to another.  The Chain-of-
Custody Form is a controlled document that becomes part of the permanent project file.  Chain-of-
Custody and field documentation requirements are addressed in SOP SA-6.1. 
 
Electronic Database - A database provided on a compact laser disk (CD).  Such electronic databases will 
generally be prepared using public domain software such as DBase, RBase, Oracle, Visual FoxPro, 
Microsoft Access, Paradox, etc. 
 
Hardcopy Database - A printed copy of a database prepared using the software discussed under the 
definition of an electronic database. 
 
Form I - A printed copy of the analytical results for each sample. 
 
Sample Tracking Summary - A printed record of sample information including the date the samples were 
collected, the number of samples collected, the sample matrix, the laboratory to which the samples were 
shipped, the associated analytical requirements for the samples, the date the analytical data were 
received from the laboratory, and the date that validation of the sample data was completed. 
 
4.0 RESPONSIBILITIES 

Database Records Custodian - It shall be the responsibility of the Database Records Custodian to 
update and file the Sample Tracking Summaries for all active projects on a weekly basis.  It shall be the 
responsibility of the Database Records Custodian to ensure that the most recent copies of the Sample 
Tracking Summaries are placed in the Database Records file.  It shall be the responsibility of the 
Database Records Custodian to ensure that a copy of all validation deliverables is provided to the Project 
Manager (for placement in the project file).  It shall be the responsibility of the Database Records 
Custodian to ensure that photocopies of all validation deliverables and historical data and reports (as 
applicable) are placed in the Database Records file. 
 
Data Validation Coordinator - It shall be the responsibility of the Data Validation Coordinator (or 
designee) to ensure that the Sample Tracking Summaries are maintained by the Database Records 
Custodian.  It shall be the responsibility of the Data Validation Coordinator (or designee) to ensure that 
photocopies of all data validation deliverables are placed in the applicable Database Records file by the 
Database Records Custodian. 
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Earth Sciences Department Manager - It shall be the responsibility of the Earth Sciences Department 
Manager (or equivalent) to ensure that all field personnel are familiar with the requirements of this 
Standard Operating Procedure (specifically Section 5.5). 
 
FOL - It shall be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or 
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of-
Custody Forms to the Database Records Custodian.  Other responsibilities of the FOL are described in 
Sections 5.4 and 5.5. 
 
Management Information Systems (MIS) Manager - It shall be the responsibility of the MIS Manager to 
ensure that copies of original electronic deliverables (CDs) are placed in both the project files and the 
Database Records File.  It shall be the responsibility of the MIS Manager (or designee) to verify the 
completeness of the database (presence of all samples) in both electronic and hardcopy form in the 
Database Records File.  It shall be the responsibility of the MIS Manager to ensure that Quality 
Assurance Reviews are completed and are attested to by Quality Assurance Reviewers.  It shall be the 
responsibility of the MIS Manager to ensure that records of the Quality Assurance review process are 
placed in the Database Records File.  It shall be the responsibility of the MIS Manager to ensure that both 
electronic and hardcopy forms of the final database are placed in both the project and the Database 
Record File.  It shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are 
entered in the database. 
 
Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the 
request of the Project Manager, specifically with respect to the generation of level of effort and schedule 
estimates.  To support the project planning effort, the MIS Manager shall provide a copy of the MIS 
Request From included as Attachment A to the project manager.  It shall be the responsibility of the MIS 
Manager to generate level of effort and budget estimates at the time database support is requested if a 
budget does not exist at the time of the request.  The MIS Request Form shall be provided to the Project 
Manager at the time of any such requests.  It shall be the responsibility of the MIS Manager to notify the 
Project Manager of any anticipated level of effort overruns or schedule noncompliances as soon as such 
problems arise along with full justification for any deviations from the budget estimates (provided they 
were generated by the MIS Manager).  It shall be the responsibility of the MIS Manager to document any 
changes to the scope of work dictated by the Project Manager, along with an estimate of the impact of the 
change on the level of effort and the schedule. 
 
Program/Department Managers - It shall be the responsibility of the Department and/or Program 
Managers (or designees) to inform their respective department's Project Managers of the existence and 
requirements of this SOP. 
 
Project Manager - It shall be the responsibility of each Project Manager to determine the applicability of 
this SOP based on: (1) program-specific requirements, and (2) project size and objectives.  It shall be the 
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the 
requirements regarding Chain-of-Custody Form provision to the Database Records Custodian.  It shall be 
the responsibility of the Project Manager (or designee) to determine which, if any, historical data are 
relevant and to ensure that such data (including all relevant information such as originating entity, sample 
locations, sampling dates, etc.) are provided to the Database Records Custodian for inclusion in the 
Database Records File.  It shall be the responsibility of the Project Manager to obtain project planning 
input regarding the level of effort and schedule from the MIS Manager.  It shall be the responsibility of the 
Project Manager to complete the database checklist (Attachment A) to support the level of effort and 
schedule estimate and to facilitate database preparation and subroutine execution. 
 
Risk Assessment Department Manager - It shall be the responsibility of the Risk Assessment 
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP 
as necessary, and to take corrective action if necessary.  Monitoring of the process shall be completed on 
a quarterly basis. 
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Quality Assurance Reviewers - It shall be the responsibility of the Quality Assurance Reviewers to verify 
the completeness of the sample results via review of the Chain-of-Custody Forms and Sample Tracking 
Summaries.  It shall be the responsibility of the Quality Assurance Reviewers to ensure the correctness of 
the database via direct comparison of the hardcopy printout of the database and the hardcopy summaries 
of the original analytical data (e.g., Form Is provided in data validation deliverables).  Correctness 
includes the presence of all relevant sample information (all sample information fields), agreement of the 
laboratory and database analytical results, and the presence of data validation qualifiers. 
 
Quality Manager - It shall be the responsibility of the Quality Manager to monitor compliance with this 
Standard Operating Procedure via routine audits. 
 
5.0 PROCEDURES 

5.1 Introduction 

Verification of the accuracy and completeness of an electronic database can only be accomplished via 
comparison of a hardcopy of the database with hardcopy of all relevant sample information.  The primary 
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to 
Quality Assurance Reviewers; 2) ensure that the Quality Assurance review is completed in a consistent 
and comprehensive manner, and; 3) ensure that documentation of the Quality Assurance review process 
is maintained in the project file.  
 
5.2 File Establishment 

A Database Record file shall be established for a specific project at the discretion of the Project Manager.  
Initiation of the filing procedure will commence upon receipt of the first set of Chain-of-Custody 
documents from a FOL or sampling technician.  The Database Record Custodian shall establish a 
project-specific file for placement in the Database Record File.  Each file in the Database Record File 
shall consist of standard components placed in the file as the project progresses.  Each file shall be 
clearly labeled with the project number, which shall be placed on the front of the file drawer and on each 
and every hanging file folder relevant to the project.  The following constitute the minimum components of 
a completed file: 
 

• Electronic Deliverables 

• Sample Tracking Forms 

• Chain-of-Custody Forms 

• Data Validation Letters 

• Quality Assurance Records 
 
5.3 Electronic Deliverables 

The format of electronic deliverables shall be specified in the laboratory procurement specification and 
shall be provided by the laboratory.  The integrity of all original electronic data deliverables shall be 
maintained.  This shall be accomplished via the generation of copies of each electronic deliverable 
provided by the laboratory.  The original electronic deliverable shall be provided to the project manager 
for inclusion in the project file.  A copy of the original electronic deliverable shall be placed in the 
Database Record File.  The second copy shall be maintained by the MIS Manager (or designee) to be 
used as a working copy.   
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5.4 Sample Tracking Forms 

Updated versions of the sample tracking form for each relevant project shall be maintained by the 
Database Record Custodian.  The Sample Tracking Forms shall be updated any time additional Chain-of-
Custody Forms are received from a FOL or sampling technician, or at any time that data are received 
from a laboratory, or at any time that validation of a given data package (sample delivery group) is 
completed.  The Data Validation Coordinator shall inform the Database Record Custodian of the receipt 
of any data packages from the laboratory and of completion of validation of a given data package to 
facilitate updating of the Sample Tracking Form.  The Database Record Custodian shall place a revised 
copy of the Sample Tracking Form in the Database Record File anytime it has been updated.  Copies of 
the updated Sample Tracking Form shall also be provided to the project manager to apprise the project 
manager of sample package receipt, completion of validation, etc. 
 
5.5 Chain-of-Custody Forms 

The Chain-of-Custody Forms for all sampling efforts will be used as the basis for (1) updating the Sample 
Tracking Form, and (2) confirming that all required samples and associated analyses have been 
completed.  It shall be the responsibility of the FOL (or sample technician) to provide a photocopy of all 
Chain-of-Custody Forms to the Database Record Custodian immediately upon completion of a sampling 
effort.  The Database Record Custodian shall then place the copies of the Chain-of-Custody Form(s) in 
the Database Record File.  Upon receipt of a sample data package from an analytical laboratory, the Data 
Validation Coordinator shall provide a copy of the laboratory Chain-of-Custody Form to the Database 
Record Custodian.  The Database Record Custodian shall use this copy to update the Sample Tracking 
Summary and shall place the copy of the laboratory-provided Chain-of-Custody Form in the Database 
Record File.  The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the 
previously filed field copy.  Upon receipt of all analytical data, two copies of the Chain-of-Custody will 
therefore be in the file.  Review of the Chain-of-Custody Forms will therefore be a simple mechanism to 
determine if all data have been received.  Chain-of-Custody is addressed in SOP SA-6.1. 
 
5.6 Data Validation Letters 

All data validation deliverables (or raw data summaries if validation is not conducted) shall be provided for 
inclusion in both the Database Record File and the project file.  If USEPA regional- or client-specific 
requirements are such that Form Is (or similar analytical results) need not be provided with the validation 
deliverable, copies of such results must be appended to the deliverable.  It is preferable, although not 
essential that the validation qualifiers be hand-written directly on the data summary forms.  The data 
validation deliverables (and attendant analytical summaries) will provide the basis for direct comparison of 
the database printout and the raw data and qualifiers.  
 
5.7 Historical Data 

At the direction of the Project Manager, historical data may also be included in a project-specific analytical 
database.  In the event that historical data are germane to the project, hardcopy of the historical data 
must be included in the Database Record File.  Historical data may be maintained in the form of final 
reports or as raw data.  The information contained in the historical data file must be sufficient to identify its 
origin, its collection date, the sample location, the matrix, and any and all other pertinent information.  All 
available analytical data, Chain-of-Custody Forms, boring logs, well construction logs, sample location 
maps, shall be photocopied by the Project Manager (or designee) and placed in one or more 3-ring 
binders.  All information shall be organized chronologically by matrix.  It shall be the responsibility of the 
Project Manager (or designee) to ensure that all inconsistencies between analytical data, Chain-of-
Custody Forms, boring logs, sample log sheets, and field logbooks are identified and corrected.  The 
Project Manager (or designee) shall decide which nomenclature is appropriate and edit, initial and date all 



 Subject 
 
 DATABASE RECORDS AND  

 QUALITY ASSURANCE 

Number 
 CT-05 

Page 
 6 of 7 

Revision 
 3 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

relevant forms.  Data entry may only be performed on information that has undergone the aforementioned 
editing process, thereby having a direct correlation between hardcopy information and what will become 
the electronic database. 
 
6.0 RECORDS 

Records regarding database preparation and quality assurance review include all those identified in the 
previous section.  Upon completion of the database task, records from the file will be forwarded to the 
Project Manager for inclusion in the project file, or will be placed in bankers boxes (or equivalent) for 
storage.  The final records for storage shall include the following minimum information on placards placed 
on both the top and end of the storage box: 
 
 Database Record File 
 PROJECT NUMBER: ____ 
 SITE NAME: _________ 
 DATE FILED: __/__/__ 
 SUMMARY OF CONTENTS ENCLOSED 
 BOX _ OF _ 
 
Project- or program-specific record keeping requirements shall take precedence over the record keeping 
requirements of this SOP. 



MIS REQUEST FORM 

Project Name: 
	

Request Date: 
CTO: 
	

Date Data Available for Production: 
Project Manager: 	Request in Support of: 
Requestor: 	 Database Lead: 
Program/Client: 	 GIS Lead: 
State/EPA Region: 	 Statistics Lead: 

Risk Lead: 
Site Name(s) (Area, OU, etc.): 
Sampling Date(s): 
Matrix: 	U GW U SO U SD Li SW U Other: 

Labels: 
	

Labels needed for an upcoming sampling event 
	

Total # of Samples 
Estimated Hours 	 Additional Instructions: 
Due Date 

Complete ETS Charge No. 
FOL 

Data Entry: 
O Chemical data needs to be entered from hardcopy 
O Chemical data needs to be formated electronically 
❑ Field analytical data needs to be entered from hardcopy 
❑ Geologic data needs to be entered from hardcopy 
O Hydrology data needs to be entered from hardcopy 

Estimated Hours 	 Additional Instructions: 

Estimated # of Samples 

Due Date 
Complete ETS Charge No. 

Tables: 	El-  Full Data Printout 
ElSummary of Positive Hits  

E Occurance and Distribution 	 ❑ with criteria 
Sampling Analytical Summary  

El Other: 
Estimated Hours 
	

Additional Instructions: 
Due Date 

Complete ETS Charge No. 

GIS: 	 ❑ General Facility Location 
Site Location 

El  Potentiometric Contours/Groundwater Flow 
Sample Location Proposed 

❑ Sample Location Existing 
I=1 Tag Map Single Round 

Tag Map Multiple Round 
❑ Isoconcentrations 
I=1 Chart Map 
❑ 3D Visualization 
❑ EGIS CD 
1:f Other: 

Additional Instructions: Estima ed Hours 
Due Date 

Complete ETS Charge No. 

Statistics: 	 Yes 
	Estimated Hours 
	Due Date 

Complete ETS Charge No. 

GeostatIstIcs: 	Yes 
	Estimated Hours 
	Due Date 
	 Complete ETS Charge No. 

Additional Instructions: 

Additional Instructions: 
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1.0 	PURPOSE 

The purpose of this procedure is to provide reference information regarding the proper methods for 
evaluating the physical condition and project utility of existing monitoring wells and determining water 
levels. 

	

2.0 	SCOPE 

The procedures described herein are applicable to all existing monitoring wells and, for the most part, are 
independent of construction materials and methods. 

	

3.0 	GLOSSARY 

Hydraulic Head - The height to which water will rise in a well. 

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric 
pressure (i.e., the pressure head is zero). 

	

4.0 	RESPONSIBILITIES 

Site Geoloaist/Hydroceolooist - Has overall responsibility for the evaluation of existing wells, obtaining 
water level measurements and developing groundwater contour maps. The site geologist/hydrogeologist 
(in concurrence with the Project Manager) shall specify the reference point from which water levels are 
measured (usually a specific point on the upper edge of the inner well casing), the number and location of 
data points which shall be used for constructing a contour map, and how many complete sets of water 
levels are required to adequately define groundwater flow directions (e.g., if there are seasonal 
variations). 

Field Personnel - Must have a basic familiarity with the equipment and procedures involved in obtaining 
water levels and must be aware of any project-specific requirements or objectives. 

	

5.0 	PROCEDURES 

Accurate, valid and useful groundwater monitoring requires that four important conditions be met: 

• Proper characterization of site hydrogeology. 

• Proper design of the groundwater monitoring program, including adequate numbers of wells installed 
at appropriate locations and depths. 

• Satisfactory methods of groundwater sampling and analysis to meet the project data quality 
objectives (DQOs). 

• The assurance that specific monitoring well samples are representative of water quality conditions in 
the monitored interval. 

To insure that these conditions are met, adequate descriptions of subsurface geology, well construction 
methods and well testing results must be available. The following steps will help to insure that the 
required data are available to permit an evaluation of the utility of existing monitoring wells for collecting 
additional samples. 
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5.1 	Preliminary Evaluation  

A necessary first step in evaluating existing monitoring well data is the study and review of the original 
work plan for monitoring well installation (if available). 	This helps to familiarize the site 
geologist/hydrogeologist with site-specific condition, and will promote an understanding of the original 
purpose of the monitoring wells. 

The next step of the evaluation should involve a review of all available information concerning borehole 
drilling and well construction. This will allow interpretation of groundwater flow conditions and area 
geology, and will help to establish consistency between hydraulic properties of the well and physical 
features of the well or formation. The physical features which should be identified and detailed, if 
available, include: 

• The well identification number, permit number and location by referenced coordinates, the distance 
from prominent site features, or the location of the well on a map. 

• The installation dates, drilling methods, well development methods, past sampling dates, and drilling 
contractors. 

The depth to bedrock -- where rock cores were not taken, auger refusal, drive casing refusal or 
penetration test results (blow counts for split-barrel sampling) may be used to estimate bedrock 
interface. 

• The soil profile and stratigraphy. 

• The borehole depth and diameter. 

• The elevation of the top of the protective casing, the top of the well riser, and the ground surface. 

• The total depth of the well. 

• The type of well materials, screen type, slot size, and length, and the elevation/depths of the screen, 
interval, and/or monitored interval. 

• The elevation/depths of the tops and bottom of the filter pack and well seals and the type and size. 

5.2 	Field Inspection  

During the onsite inspection of existing monitoring wells, features to be noted include: 

• The condition of the protective casing, cap and lock..  
• The condition of the cement seal surrounding the protective casing. 
• The presence of depressions or standing water around the casing. 
• The presence of and condition of dedicated sampling equipment. 
• The presence of a survey mark on the inner well casing. 

If the protective casing, cap and lock have been damaged or the cement collar appears deteriorated, or if 
there are any depressions around the well casing capable of holding water, surface water may have 
infiltrated into the well. This may invalidate previous sampling results unless the time when leakage 
started can be precisely determined. 
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The routine physical inspection must be followed by a more detailed investigation to identify other 
potential routes of contamination or sampling equipment malfunction. Any of these occurrences may 
invalidate previously-collected water quality data. If the monitoring well is to be used in the future, 
considerations shown in the steps described above should be rectified to rehabilitate the well. 

After disconnecting any wires, cables or electrical sources, remove the lock and open the cap. Check for 
the presence of organic vapors with a photoionization detector (PID) or flame-ionization detector (FID) to 
determine the appropriate worker safety level. The following information should be noted: 

• Cap function. 

• Physical characteristics and composition of the inner casing or riser, including inner diameter and 
annular space. 

• Presence of grout between the riser and outer protective casing and the existence of drain holes in 
the protective casing. 

• Presence of a riser cap, method of attachment to casing, and venting of the riser. 

• Presence of dedicated sampling equipment; if possible, remove such equipment and inspect size, 
materials of construction and condition. 

The final step of the field inspection is to confirm previous hydraulic or physical property data and to obtain 
data not previously available. This includes the determination of static water levels, total well depth and well 
obstruction. This may be accomplished using a weighted tape measure which can also be used to check 
for sediment (the weight will advance slowly if sediment is present, and the presence of sediment on the 
weight upon removal should be noted). If sediment is present and/or the well has not been sampled in 12 or 
more months, it should be redeveloped before sampling. 

Lastly, as a final step, the location, condition and expected water quality of the wells should be reviewed in 
light of their usefulness for the intended purpose of the investigation. 

See Attachment A, Monitoring Well Inspection Sheet. 

5.3 	Water Level (Hydraulic Head) Measurements  

5.3.1 	General 

Groundwater level measurements can be made in monitoring wells, private or public water wells, 
piezometers, open boreholes, or test pits (after stabilization). Groundwater measurements should 
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling 
activities are to occur, groundwater level measurements shall take place prior to well purging or sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet 
(Attachment B), along with the date and time of the reading. The total depth of the well shall be 
measured and recorded, if not already known. Weather changes that occur over the period of time during 
which water levels are being taken, such as precipitation and barometric pressure changes, should be 
noted. 

In measuring groundwater levels, there shall be a clearly-established reference point of known elevation, 
which is normally identified by a mark on the upper edge of the inner well casing. To be useful, the 
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reference point should be tied in with an established USGS benchmark or other properly surveyed 
elevation datum. An arbitrary datum could be used for an isolated group of wells, if necessary. 

Cascading water within a borehole or steel well casings can cause false readings with some types of 
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil 
layers and true depth to groundwater, if required. 

Water level readings shall be taken regularly, as required by the site geologist/hydrogeologist. Monitoring 
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction with a 
tidal chart (or preferably in conjunction with readings of a tide staff or tide level recorder installed in the 
adjacent water body); the frequency of such readings shall be established by the site hydrogeologist. All 
water level measurements at a site used to develop a groundwater contour map shall be made in the 
shortest practical time to minimize affects due to weather changes. 

	

5.3.2 	Water Level Measuring Techniques 

There are several methods for determining standing or changing water levels in boreholes and monitoring 
wells. Certain methods have particular advantages and disadvantages depending upon well conditions. 
A general description of these methods is presented, along with a listing of various advantages and 
disadvantages of each technique. An effective technique shall be selected for the particular site 
conditions by the site geologist/hydrogeologist. 

In most instances, preparation of accurate potentiometric surface maps require that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, electrical water level indicator methods have been found to be best, and thus should be 
utilized. Other, less precise methods, such as the popper or bell sound, or bailer line methods, should be 
avoided. When a large number of (or continuous) readings are required, time-consuming individual 
readings are not usually feasible. In such cases, it is best to use a pressure transducer. 

	

5.3.3 	Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed in 
each case. The proper sequence is as follows: 

1. Check operation of recording equipment above ground. Prior to opening the well, don personal 
protective equipment, as required. Never remove an air-tight lock (such as a J-plug) with your 
face over the well. Pressure changes within the well may explosively force the cap off once 
loosened. 

2. Record all information specified below in the geologist/hydrogeologists field notebook or on the 
Groundwater Level Measurement Sheet (Attachment B): 

• Well number. 
• Water level (to the nearest 0.01 foot). Water levels shall be taken from the surveyed 

reference mark on the top edge of the inner well casing. If the J-plug was on the well very 
tightly, it may take several minutes for the water level to stabilize. 

• Time and day of the measurement. 
• Thickness of free product if present. 

Water level measuring devices with permanently marked intervals shall be used. The devices shall be 
free of kinks or folds which will affect the ability of the equipment to hang straight in the well pipe. 
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5.3.4 	Water Level Measuring Devices 

Electric Water Level Indicators 

These are the most commonly used devices and consist of a spool of small-diameter cable and a 
weighted probe attached to the end. When the probe comes in contact with the water, an electrical circuit 
is closed and a meter, light, and/or buzzer attached to the spool will signal the contact. 

There are a number of commercial electric sounders available, none of which is entirely reliable under all 
conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the water, 
groundwater with high specific conductance, water cascading into the well, steel well casing, or a 
turbulent water surface in the well, measuring with an electric sounder may be difficult. 

For accurate readings, the probe shall be lowered slowly into the well adjacent to the survey mark on the 
inner well casing. The electric tape is read (to the nearest 0.01 ft.) at the measuring point and recorded 
where contact with the water surface was indicated. 

Popper or Bell Sounder 

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and lowered 
into the well. A "plopping" or "popping" sound is made when the weight strikes the surface of the water. 
An accurate reading can be determined by lifting and lowering the weight in short strokes, and reading 
the tape when the weight strikes the water. This method is not sufficiently accurate to obtain water levels 
to 0.01 feet, and thus is more appropriate for obtaining only approximate water levels quickly. 

Pressure Transducer 

Pressure transducers can be lowered into a well or borehole to measure the pressure of water and 
therefore the water elevation above the transducer. The transducer is wired into a recorder at the surface 
to record changes in water level with time. The recorder digitizes the information and can provide a 
printout or transfer the information to a computer for evaluation (using a well drawdown/recovery model). 
The pressure transducer should be initially calibrated with another water level measurement technique to 
ensure accuracy. This technique is very useful for hydraulic conductivity testing in highly permeable 
material where repeated, accurate water level measurements are required in a very short period of time. 
A sensitive transducer element is required to measure water levels to 0.01 foot accuracy. 

Borehole Geophysics 

Approximate water levels can be determined during geophysical logging of the borehole (although this is 
not the primary purpose for geophysical logging and such logging is not cost effective if used only for this 
purpose). Several logging techniques will indicate water level. Commonly-used logs which will indicate 
saturated/unsaturated conditions include the spontaneous potential (SP) log and the neutron log. 

	

5.3.5 	Data Recording 

Water level measurements, time, data, and weather conditions shall be recorded in the 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet. All water 
level measurements shall be measured from a known reference point. The reference point is generally a 
marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The 
exact reference point shall be marked with permanent ink on the casing since the top of the casing may 
not be entirely level. It is important to note changes in weather conditions because changes in the 
barometric pressure may affect the water level within the well. 
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5.3.6 	Specific Quality Control Procedures for Water Level Measuring Devices 

All groundwater level measurement devices must be cleaned before and after each use to prevent cross 
contamination of wells. Manufacturer's instructions for cleaning the device shall be strictly followed. 
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded in the field 
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered in 
the field logbook/notebook, the corrected readings shall be entered onto the Groundwater Level 
Measurement Sheet (Attachment B). Elevations will be entered on the sheet when they become 
available. 

5.4 	Equipment Decontamination  

Equipment used for water level measurements provide a mechanism for potentially cross contaminating 
wells. Therefore, all portions of a device which project down the well casing must be decontaminated 
prior to advancing to the next well. Decontamination procedures vary based on the project objectives but 
must be defined prior to conducting any field activities including the collection of water level data. Consult 
the project planning documents and SA-7.1 Decontamination of Field Equipment. 

5.5 	Health and Safety Considerations 

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space 
inside the well pipe. The release of this air when the well is initially opened is a health/safety hazard 
which must be considered. Initial monitoring of the well headspace and breathing zone concentrations 
using a PID or FID shall be performed to determine required levels of protection. Under certain 
conditions, air-tight well caps may explosively fly off the well when the pressure is relieved. Never stand 
directly over a well when uncapping it. 

6.0 	RECORDS 

A record of all field procedures, tests and observations must be recorded in the site logbook or 
designated field notebook. Entries in the log/notebook should include the individuals participating in the 
field effort, and the date and time. The use of annotated sketches may help to supplement the 
evaluation. 
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Field Measurements 

Well ID Flush Mt/ Etfok-up Depth to Water * Total Depth • PID Reading 
PPM 

Comments: 

Protective Case: 

Riser. 

Well Pad: 

Other 

Presence/Evidence of: 

Standing Water Around Well: 

Existing Sampling Equipment 

Sediment build-up in Well Btm: 
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ATTACHMENT A 
MONITORING WELL INSPECTION SHEET 

Monitoring Well Inspection Sheet 

Project Name: 	  

Location: 	  

Tidy Influenced: Y / N 

Date: 	  

Time: 	  

Personnel: 	  

Well Construction Details (Taken Iron oonsevction logy . 

Total Depth • Ground Bev. Top/Eitm Screen' 

Check List 

Riser Pipe Material: 

Riser Notched for Surveyors: 

Well ID Tag In-place: 

Well security: 

Photo taken: 

Condition of Well: 

• Measurements are from the top of the inner case to the nearest 0.01' 
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ATTACHMENT B 
GROUNDWATER LEVEL MESUREMENT SHEET 

• Al mewsimerti to or mina Pal Ion. lam swayed roma itrion nos* age 4  of 

GROUNDWATER LEVEL MEASUREMENT SHEET 

Project Name:   Project No.: 	 
Location:   Personnel: 	 
Weather Conditions: 	  Measuring Device: 
Tidally Influenced: 	Yap 	No 	Remarks: 

Mater Level.. 
• IndiaffiteeliNdina 

(f«.kr 

: 

• 

PliairPaia Point: 
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1.0 PURPOSE 

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and 
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to 
obtain soil, both surface and subsurface, and rock samples during field sampling activities. 
 
2.0 SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks.  It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 
 
The sampling methods described within this procedure are applicable to collecting surface and 
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation, 
excavation/foundation design, remedial alternative design and related civil engineering purposes. 
 
3.0 GLOSSARY 

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil is 
obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-studded 
drill bit which is advanced with a hydraulic rotary drilling machine. 
 
Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling, 
since this method eliminates trips in and out of the hole with the coring equipment.  With this technique, 
the core barrel becomes an integral part of the drill rod string.  The drill rod serves as both a coring device 
and casing.   
 
4.0 RESPONSIBILITIES 

Project Manager - In consultation with the project geologist, the Project Manager is responsible for 
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful 
given the study objectives and the known or suspected geologic conditions at the site.  The Project 
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings 
and well development water, as well as any specialized supplies or logistical support required for the 
drilling operations.   
 
Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of 
drilling activities, and is strongly supported by the project geologist.   
 
Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling 
procedures are followed.  The geologist will generate a detailed boring log for each test hole.  This log 
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent 
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5).  Often 
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc.   
 
Determination of the exact location for borings is the responsibility of the site geologist.  The final location 
for drilling must be properly documented on the boring log.  The general area in which the borings are to 
be located will be shown on a site map included in the Work Plan and/or Sampling and Analysis Plan. 
 
Drilling Subcontractor - Operates under the supervision of the FOL.  Responsible for obtaining all drilling 
permits and clearances, and supplying all services (including labor), equipment and material required to 
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perform the drilling, testing, and well installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subcontracts.   
 
The driller must report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in field 
procedures, describing and justifying such changes.  No such changes shall be made unless requested 
and authorized in writing by the FOL (with the concurrence of the Project Manager).  Depending on the 
subcontract, the Project Manager may need to obtain written authorization from appropriate 
administrative personnel before approving any changes. 
 
The drilling subcontractor is responsible for following decontamination procedures specified in the project 
plan documents.  Upon completion of the work, the driller is responsible for demobilizing all equipment, 
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open 
borings. 
 
5.0 PROCEDURES 

5.1 General 

The purpose of drilling boreholes is: 
 

• To determine the type, thickness, and certain physical and chemical properties of the soil, water and 
rock strata which underlie the site. 

• To install monitoring wells or piezometers. 
 
All drilling and sampling equipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1.  Unless otherwise specified, it is generally 
advisable to drill borings at "clean" locations first, and at the most contaminated locations last, to reduce 
the risk of spreading contamination between locations.  All borings must be logged by the site geologist 
as they proceed (see SOPs SA-6.3 and GH-1.5).  Situations where logging would not be required would 
include installation of multiple well points within a small area, or a "second attempt" boring adjacent to a 
boring that could not be continued through resistant material.  In the latter case, the boring log can be 
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geologist 
should still confirm that the stratigraphy at the redrilled location conforms essentially with that 
encountered at the original location.  If significant differences are seen, each hole should be logged 
separately.   
 
5.2 Drilling Methods 

The selected drilling methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill.  Drilling methods should be 
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the 
purpose of drilling and the overall subsurface investigation program proposed for the site.  The full range 
of different drilling methods applicable to the proposed program should be identified with final selection 
based on relative cost, availability, time constraints, and how well each method meets the sampling and 
testing requirements of the individual drilling program.   
 
5.2.1 Continuous-Flight Hollow-Stem Auger Drilling 

This method of drilling consists of rotating augers with a hollow stem into the ground.  Cuttings are 
brought to the surface by the rotating action of the auger.  This method is relatively quick and 
inexpensive.  Advantages of this type of drilling include:   
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• Samples can be obtained without pulling the augers out of the hole.  However, this is a poor method 
for obtaining grab samples from thin, discrete formations because of mixing of soils which occurs as 
the material is brought to the surface.  Sampling of such formations requires the use of split-barrel or 
thin-wall tube samplers advanced through the hollow core of the auger.   

• No drilling fluids are required.   

• A well can be installed inside the auger stem and backfilled as the augers are withdrawn.  
 
Disadvantages and limitations of this method of drilling include: 
 

• Augering can only be done in unconsolidated materials.   
 

• The inside diameter of hollow stem augers used for well installation should be at least 4 inches 
greater than the well casing.  Use of such large-diameter hollow-stem augers is more expensive than 
the use of small-diameter augers in boreholes not used for well installation.  Furthermore, the density 
of unconsolidated materials and depths become more of a limiting factor.  More friction is produced 
with the larger diameter auger and subsequently greater torque is needed to advance the boring.   

 

• The maximum effective depth for drilling is 150 feet or less, depending on site conditions and the size 
of augers used.   

 

• In augering through clean sand formations below the water table, the sand will tend to flow into the 
hollow stem when the plug is removed for soil sampling or well installation.  If the condition of 
"running" or "flowing" sands is persistent at a site, an alternative method of drilling is recommended, 
in particular for wells or boreholes deeper than 25 feet.   

 
Hollow-stem auger drilling is the preferred method of drilling.  Most alternative methods require the 
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole.  With 
these other methods, great care must be taken to ensure that the method does not interfere with the 
collection of a representative sample (which may be the prime objective of the borehole construction).  
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (HSA) is:   
 

- Cable tool 
- Casing drive (air) 
- Air rotary 
- Mud rotary 
- Rotosonic 
- Drive and wash 
- Jetting 

 
However, the use of any method will also depend on efficiency and cost-effectiveness.  In many cases, 
mud rotary is the only feasible alternative to hollow-stem augering.  Thus, mud rotary drilling is generally 
acceptable as a first substitute for HSA.   
 
The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
applicable ASTM Standards:  D1587-83 and D1586-84.  The guidelines established in SOP SA-1.3 shall 
also be followed.  The hollow-stem auger may be advanced by any power-operated drilling machine 
having sufficient torque and ram range to rotate and force the auger to the desired depth.  The machine 
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock 
coring.   
 
The hollow-stem auger may be used without the plug when boring for geotechnical examination or for 
well installation.  However, when drilling below the water table, specially designed plugs which allow 
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passage of formation water but not solid material shall be used (see Reference 1 of this guideline).  This 
drilling configuration method also prevents blow back and plugging of the auger when the plug is removed 
for sampling.   
 
Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water 
table, to prevent blowback and plugging of the auger.  If water is added to the hole, it must be sampled 
and analyzed to determine if it is free from contaminants prior to use.  In addition, the amount of water 
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during 
well development must be carefully logged in order to ensure that a representative sample of the 
formation water can be obtained.  Well development should occur as soon after well completion as 
practicable (see SOP GH-2.8 for well development procedures).  If gravelly or hard material is 
encountered which prevents advancing the auger to the desired depth, augering should be halted and 
either driven casing or hydraulic rotary methods should be attempted.  If the depth to the bedrock/soil 
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be 
conducted (see Section 5.2.9).   
 
At the option of the Field Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of the auger, a new boring can be attempted.  The original boring 
must be properly backfilled and the new boring started a short distance away at a location determined by 
the site geologist.  If multiple water bearing strata were encountered, the original boring must be grouted.  
In some formations, it may be prudent to also grout borings which penetrate only the water table aquifer, 
since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the 
water table.  Backfilling requirements may also be driven by state or local regulations. 
 
5.2.2 Continuous-Flight Solid-Stem Auger Drilling 

This drilling method is similar to hollow-stem augering.  Practical application of this method is severely 
restricted compared to use of hollow-stem augers.  Split-barrel (split-spoon) sampling cannot be 
performed without pulling the augers out, which may allow the hole to collapse.  The continuous-flight 
solid-stem auger drilling method is therefore very time consuming and is not cost effective.  Also, augers 
would have to be withdrawn before installing a monitoring well, which again, may allow the hole to 
collapse.  Furthermore, geologic logging by examining the soils brought to the surface is unreliable, and 
depth to water may be difficult to determine while drilling.   
 
There would be very few situations where use of a solid-stem auger would be preferable to other drilling 
methods.  The only practical applications of this method would be to drill boreholes for well installation 
where no lithologic information is desired and the soils are such that the borehole can be expected to 
remain open after the augers are withdrawn.  Alternatively, this technique can be used to find depth to 
bedrock in an area when no other information is required from drilling.   
 
5.2.3 Rotary Drilling 

Direct rotary drilling includes air-rotary and fluid-rotary drilling.  For air or fluid-rotary drilling, the rotary drill 
may be advanced to the desired depth by any power-operated drilling machine having sufficient torque 
and ram range to rotate and force the bit to the desired depth.  The drilling machine must, however, be 
equipped with any accessory equipment needed to perform required sampling, or coring.  Prior to 
sampling, any settled drill cuttings in the borehole must be removed.   
 
Air-rotary drilling is a method of drilling where the drill rig simultaneously turns and exerts a downward 
pressure on the drilling rods and bit while circulating compressed air down the inside of the drill rods, 
around the bit, and out the annulus of the borehole.  Air circulation serves to both cool the bit and remove 
the cuttings from the borehole.  Advantages of this method include:   
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• The drilling rate is high (even in rock). 

• The cost per foot of drilling is relatively low. 

• Air-rotary rigs are common in most areas. 

• No drilling fluid is required (except when water is injected to keep down dust).   

• The borehole diameter is large, to allow room for proper well installation procedures. 
 
Disadvantages to using this method include: 
 

• Formations must be logged from the cuttings that are blown to the surface and thus the depths of 
materials logged are approximate.   

 

• Air blown into the formation during drilling may "bind" the formation and impede well development and 
natural groundwater flow.   

 

• In-situ samples cannot be taken, unless the hole is cased.   
 

• Casing must generally be used in unconsolidated materials.   
 

• Air-rotary drill rigs are large and heavy.   
 

• Large amounts of Investigation Derived Waste (IDW) may be generated which may require 
containerization, sampling, and off-site disposal. 

 
A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down as it 
drills.  This makes drilling in hard rock faster.  Air-rotary drills can also be adapted to use for rock coring 
although they are generally slower than other types of core drills.  A major application of the air-rotary 
drilling method would be to drill holes in rock for well installation.   
 
Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fluid ("mud") or 
clean water is used in place of air to cool the drill bit and remove cuttings.  There are a variety of fluids 
that can be used with this drilling method, including bentonite slurry and synthetic slurries.  If a drilling 
fluid other than water/cuttings is used, it must be a natural clay (i.e., bentonite) and a "background" 
sample of the fluid should be taken for analysis of possible organic or inorganic contaminants.   
 
Advantages to the fluid-rotary drilling method include:   
 

• The ability to drill in many types of formations. 
 

• Relatively quick and inexpensive. 
 

• Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing drill 
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used.   

 

• In some borings temporary casing may not be needed as the drilling fluids may keep the borehole 
open.   

 

• Drill rigs are readily available in most areas.   
 
Disadvantages to this method include:   
 

• Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split-spoon) 
samples are not taken (i.e., the depths of materials logged from cuttings delivered to the surface are 
approximate).   
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• Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, and require 
more extensive well development than "dry" techniques (augering, air-rotary).  

 

• No information on depth to water is obtainable while drilling.   
 

• Fluids are needed for drilling, and there is some question about the effects of the drilling fluids on 
subsequent water samples obtained.  For this reason as well, extensive well development may be 
required.   

 

• In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be continuously 
lost into the formation.  This requires either constant replenishment of the drilling fluid, or the use of 
casing through this formation.   

 

• Drill rigs are large and heavy, and must be supported with supplied water.   
 

• Groundwater samples can be potentially diluted with drilling fluid.   
 
The procedures for performing direct rotary soil investigations and sampling shall conform with the 
applicable ASTM standards:  D2113-83, D1587-83, and D1586-84. 
 
Soil samples shall be taken as specified by project plan documents, or more frequently, if requested by 
the project geologist.  Any required sampling shall be performed by rotation, pressing, or driving in 
accordance with the standard or approved method governing use of the particular sampling tool.   
 
When field conditions prevent the advancement of the hole to the desired depth, a new boring may be 
drilled at the request of the Field Operations Leader.  The original boring shall be backfilled using 
methods and materials appropriate for the given site and a new boring started a short distance away at a 
location determined by the project geologist.   
 
5.2.4 Rotosonic Drilling 

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion 
coupled with down pressure to advance the cutting edge of a drill string.  This produces a uniform 
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most 
bedrock formations.  Rotosonic drilling advances a 4-inch diameter to 12-inch diameter core barrel for 
sampling and can advance up to a 12-inch diameter outer casing for the construction of standard and 
telescoped monitoring wells.  During drilling, the core barrel is advanced ahead of the outer barrel in 
increments as determined by the site geologist and depending upon type of material, degree of 
subsurface contamination and sampling objectives. 
 
The outer casing can be advanced at the same time as the inner drill string and core barrel, or advanced 
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the 
undisturbed sample and has been pulled out of the borehole.  The outer casing can be advanced dry in 
most cases, or can be advanced with water or air depending upon the formations being drilled, the depth 
and diameter of the hole, or requirements of the project. 
 
Advantages of this method include: 
 

• Sampling and well installation are faster as compared to other drilling methods. 
 

• Continuous sampling, with larger sample volume as compared to split-spoon sampling. 
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• The ability to drill through difficult formations such as cobbles or boulders, hard till and bedrock. 
 

• Reduction of IDW by an average of 70 to 80 percent. 
 

• Well installations are quick and controlled by elimination of potential bridging of annular materials 
during well installation, due to the ability to vibrate the outer casing during removal. 

 
Disadvantages include: 
 

• The cost for Rotosonic drilling as compared to other methods are generally higher.  However, the net 
result can be a significant savings considering reduced IDW and shortened project duration. 

 

• Rotosonic drill rigs are large and need ample room to drill, however, Rotosonic units can be placed on 
the ground or placed on an ATV. 

 

• There are a limited number of Rotosonic drilling contractors at the present time. 
 
5.2.5 Reverse Circulation Rotary Drilling 

The common reverse-circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which 
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction 
from direct mud-rotary).  This type of rig is used for the construction of large-capacity production water 
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and the 
large-diameter hole which is created.  A few special reverse-circulation rotary rigs are made with double-
wall drill pipe.  The drilling water or air is circulated down the annulus between the drill pipes and up 
inside the inner pipe.   
 
Advantages of the latter method include:   
 

• The formation water is not contaminated by the drilling water. 
 

• Formation samples can be obtained, from known depths. 
 

• When drilling with air, immediate information is available regarding the water-bearing properties of 
formations penetrated.   

 

• Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling with the 
normal air-rotary rig.   

 
Disadvantages include: 
 

• Double-wall, reverse-circulation drill rigs are rare and expensive to operate.   

• Placing cement grout around the outside of the well casing above a well screen often is difficult, 
especially when the screen and casing are placed down through the inner drill pipe before the drill 
pipe is pulled out.  

 
5.2.6 Drill-through Casing Driver 

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer) and cleaning 
out the casing using a rotary chopping bit and air or water to flush out the materials.  The casing is driven 
down in stages (usually 5 feet per stage); a continuous record is kept of the blows per foot in driving the 
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casing (see SOP GH-1.5).  The casing is normally advanced by a 300-pound hammer falling freely 
through a height of 30 inches.  Simultaneous washing and driving of the casing is not recommended.  If 
this procedure is used, the elevations within which wash water is used and in which the casing is driven 
must be clearly recorded.   
 
The driven casing method is used in unconsolidated formations only.  When the boring is to be used for 
later well installation, the driven casing used should be at least 4 inches larger in diameter than the well 
casing to be installed.  Advantages to this method of drilling include:   
 

• Split-barrel (split-spoon) sampling can be conducted while drilling.   
 

• Well installation is easily accomplished.   
 

• Drill rigs used are relatively small and mobile.   
 

• The use of casing minimizes flow into the hole from upper water-bearing layers; therefore, multiple 
aquifers can be penetrated and sampled for rough field determinations of some water quality 
parameters.   

 
Some of the disadvantages include:   
 

• This method can only be used in unconsolidated formations.   
 

• The method is slower than other methods (average drilling progress is 30 to 50 feet per day). 
 

• Maximum depth of the borehole varies with the size of the drill rig and casing diameter used, and the 
nature of the formations drilled.   

 

• The cost per hour or per foot of drilling may be substantially higher than other drilling methods.   
 

• It is difficult and time consuming to pull back the casing if it has been driven very deep (deeper than 
50 feet in many formations).   

 
5.2.7 Cable Tool Drilling 

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool") suspended on a steel cable, which 
when raised and dropped, chisels or pounds a hole through the soils and rock.  Drilling progress may be 
expedited by the use of "slip-jars" which serve as a cable-activated down hole percussion device to 
hammer the bit ahead.   
 
When drilling through the unsaturated zone, some water must be added to the hole.  The cuttings are 
suspended in the water and then bailed out periodically.  Below the water table, after sufficient ground 
water enters the borehole to replace the water removed by bailing, no further water needs to be added.   
When soft caving formations are encountered, it is usually necessary to drive casing as the hole is 
advanced to prevent collapse of the hole.  Often the drilling can be only a few feet below the bottom of the 
casing.  Because the drill bit is lowered through the casing, the hole created by the bit is smaller than the 
casing.  Therefore, the casing (with a sharp, hardened casing shoe on the bottom)  must be driven into 
the hole (see Section 5.2.5 of this guideline).   
 
Advantages of the cable-tool method include the following: 
 



 Subject 
SOIL AND ROCK  
DRILLING METHODS 

Number 
 GH-1.3 

Page 
 11 of 26 

Revision 
 2 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

• Information regarding water-bearing zones is readily available during the drilling.  Even relative 
permeabilities and rough water quality data from different zones penetrated can be obtained by 
skilled operators.   

 

• The cable-tool rig can operate satisfactorily in all formations, but is best suited for caving, boulder, 
cobble or coarse gravel type formations (e.g., glacial till) or formations with large cavities above the 
water table (such as limestones).   

 

• When casing is used, the casing seals formation water out of the hole, preventing down hole 
contamination and allowing sampling of deeper aquifers for field-measurable water quality 
parameters.   

 

• Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be collected through the casing.   
 
Disadvantages include: 
 

• Drilling is slow compared with rotary rigs. 
 

• The necessity of driving the casing in unconsolidated formations requires that the casing be pulled 
back if exposure of selected water-bearing zones is desired.  This process complicates the well 
completion process and often increases costs.  There is also a chance that the casing may become 
stuck in the hole. 

 

• The relatively large diameters required (minimum of 4-inch casing) plus the cost of steel casing result 
in higher costs compared to rotary drilling methods where casing is not required (e.g., such use of a 
hollow-stem auger). 

 

• Cable-tool rigs have largely been replaced by rotary rigs.  In some parts of the U.S., availability may 
be difficult. 

 
5.2.8 Jet Drilling (Washing) 

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of 
pumping water or drilling mud down through a small diameter (1/2- to 2-inch) standard pipe (steel or 
PVC).  The pipe may be fitted with a chisel bit or a special jetting screen.  Formation materials dislodged 
by the bit and jetting action of the water are brought to the surface through the annulus around the pipe.  
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface. 
 
Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight.  
Normally, this method is used to place 2-inch-diameter casing in shallow, unconsolidated sand 
formations, but this method has also been used to install 3- to 4-inch-diameter casings to a depth of 
200 feet. 
 
Jetting is acceptable in very soft formations, usually for shallow sampling, and when introduction of drilling 
water to the formation is acceptable.  Such conditions would occur during rough stratigraphic investigation 
or installation of piezometers for water level measurement.  Advantages of this method include: 
 

• Jetting is fast and inexpensive. 
 

• Because of the small amount of equipment required, jetting can be accomplished in locations where 
access by a normal drilling rig would be very difficult.  For example, it would be possible to jet down a 
well point in the center of a lagoon at a fraction of the cost of using a drill rig. 
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• Jetting numerous well points just into a shallow water table is an inexpensive method for determining 
the water table contours, hence flow direction. 

 
Disadvantages include the following: 
 

• A large amount of foreign water or drilling mud is introduced above and into the formation to be 
sampled. 

 

• Jetting is usually done in very soft formations which are subject to caving.  Because of this caving, it 
is often not possible to place a grout seal above the screen to assure that water in the well is only 
from the screened interval. 

 

• The diameter of the casing is usually limited to 2 inches. 
 

• Jetting is only possible in very soft formations that do not contain boulders or coarse gravel, and the 
depth limitation is shallow (about 30 feet without jet percussion equipment). 

 

• Large quantities of water are often needed. 
 
5.2.9 Drilling with a Hand Auger 

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater 
conditions are such as to allow hand auger drilling.  Hand augering can also be considered at locations 
where drill rig access is not possible.  All hand auger borings will be performed according to 
ASTM D1452-80. 
 
Samples should be taken continuously unless otherwise specified by the project plan documents.  Any 
required sampling is performed by rotation, pressing, or driving in accordance with the standard or 
approved method governing use of the particular sampling tool.  Typical equipment used for sampling and 
advancing shallow "hand auger" holes are Iwan samplers (which are rotated) or post hole diggers (which 
are operated like tongs).  These techniques are slow but effective where larger pieces of equipment do 
not have access, and where very shallow holes are desired (less than 15 feet).  Surficial soils must be 
composed of relatively soft and non-cemented formations to allow penetration by the auger. 
 
5.2.10 Rock Drilling and Coring 

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil or 
when rock or large boulders are encountered, drilling and sampling can be performed using a diamond bit 
corer in accordance with ASTM D2113. 
 
Drilling is done by rotating and applying downward pressure to the drill rods and drill bit.  The drill bit is a 
circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel.  The 
use of single-tube core barrels is not recommended, as the rotation of the barrel erodes the sample and 
limits its use for detailed geological evaluation.  Water or air is circulated down through the drill rods and 
annular space between the core barrel tubes to cool the bit and remove the cuttings.  The bit cuts a core 
out of the rock which rises into an inner barrel mounted inside the outer barrel.  The inner core barrel and 
rock core are removed by lowering a wire line with a coupling into the drill rods, latching onto the inner 
barrel and withdrawing the inner barrel.  A less efficient variation of this method utilizes a core barrel that 
cannot be removed without pulling all of the drill rods.  This variation is practical only if less than 50 feet of 
core is required. 
 
Core borings are made through the casing used for the soil borings.  The casing must be driven and 
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see 
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Section 5.3 of this guideline).  A double-tube core barrel with a diamond bit and reaming shell or 
equivalent should be used to recover rock cores of a size specified in the project plans.  The most 
common core barrel diameters are listed in Attachment A. 
 
Soft or decomposed rock should be sampled with a driven split-barrel whenever possible or cored with a 
Denison or Pitcher sampler. 
 
When coring rock, including shale and claystone, the speed of the drill and the drilling pressure, amount 
and pressure of water, and length of run can be varied to give the maximum recovery from the rock being 
drilled.  Should any rock formation be so soft or broken that the pieces continually fall into the hole 
causing unsatisfactory coring, the hole should be reamed and a flush-joint casing installed to a point 
below the broken formation.  The size of the flush-joint casing must permit securing the core size 
specified.  When soft or broken rock is anticipated, the length of core runs should be reduced to less than 
5 feet to avoid core loss and minimize core disturbance. 
 
Advantages of core drilling include: 
 

• Undisturbed rock cores can be recovered for examination and/or testing. 

• In formations in which the cored hole will remain open without casing, water from the rock fractures 
may be recovered from the well without the installation of a well screen and gravel pack. 

• Formation logging is extremely accurate. 

• Drill rigs are relatively small and mobile. 
 
Disadvantages include: 
 

• Water or air is needed for drilling. 

• Coring is slower than rotary drilling (and more expensive). 

• Depth to water cannot accurately be determined if water is used for drilling. 

• The size of the borehole is limited. 
 
This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are to 
be installed into bedrock.  To install larger diameter wells in coreholes, the hole must be reamed out to 
the proper size after boring, using air or mud rotary drilling methods. 
 
5.2.11 Drilling & Support Vehicles 

In addition to the drilling method required to accomplish the objectives of the field program, the type of 
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be an 
additional deciding factor in planning the drilling program.  The types of vehicles available are extensive, 
and depend upon the particular drilling subcontractor's fleet.  Most large drilling subcontractors will have a 
wide variety of vehicle and drill types suited for most drilling assignments in their particular region, while 
smaller drilling subcontractors will usually have a fleet of much more limited diversity.  The weight, size, 
and means of locomotion (tires, tracks, etc.) of the drill rig must be selected to be compatible with the site 
terrain to assure adequate mobility between borehole locations.  Such considerations also apply to 
necessary support vehicles used to transport water and/or drilling materials to the drill rigs at the borehole 
locations.  When the drill rigs or support vehicles do not have adequate mobility to easily traverse the site, 
provisions must be made for assisting equipment, such as bulldozers, winches, timber planking, etc., to 
maintain adequate progress during the drilling program. 
 
Some of the typical vehicles which are usually available for drill rigs and support equipment are: 
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• Totally portable drilling/sampling equipment, where all necessary components (tripods, samplers, 
hammers, catheads, etc.) may be hand carried to the borehole site.  Drilling/sampling methods used 
with such equipment include: 

 
- Hand augers and lightweight motorized augers. 
- Retractable plug samplers--driven by hand (hammer). 
- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead mounted on 

one leg, used to install small-diameter cased borings.  This rig is sometimes called a "monkey on 
a stick." 

 

• Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift hammers 
and drill string), a pump, and a dismounted tripod.  The skid is pushed, dragged, or winched (using 
the cathead drum) between boring locations. 

 

• Small truck-mounted drilling equipment using a Jeep, stake body or other light truck (4 to 6 wheels), 
upon which are mounted the drill and/or a cathead, a pump, and a tripod or small drilling derrick.  On 
some rigs, the drill and/or a cathead are driven by a power take-off from the truck, instead of by a 
separate engine. 

 

• Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle used has 
wide bulldozer tracks for traversing soft ground.  Sometimes a continuous-track "all terrain vehicle" is 
also modified for this purpose.  Some types of tracked drill rigs are called "bombardier" or "weasel" 
rigs. 

 

• Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to transport the 
drill, derrick, winches, and pumps or compressors.  The drill may be provided with a separate engine 
or may use a power take-off from the truck engine.  Large augers, hydraulic rotary and reverse 
circulation rotary drilling equipment are usually mounted on such heavy duty trucks.  For soft-ground 
sites, the drilling equipment is sometimes mounted on vehicles having low pressure, very wide 
diameter tires and capable of floating; these vehicles are called "swamp buggy" rigs. 

 

• Marine drilling equipment is mounted on various floating equipment for drilling borings in lakes, 
estuaries and other bodies of water.  The floating equipment varies, and is often manufactured or 
customized by the drilling subcontractor to suit specific drilling requirements.  Typically, the range of 
flotation vehicles include: 

 
- Barrel-float rigs - a drill rig mounted on a timber platform buoyed by empty 55-gallon drums or 

similar flotation units. 
 

- Barge-mounted drill rigs. 
 

- Jack-up platforms - drilling equipment mounted on a floating platform having retractable legs to 
support the unit on the sea or lake bed when the platform is jacked up out of the water. 

 
- Drill ships - for deep ocean drilling. 

 
In addition to the mobility for the drilling equipment, similar consideration must be given for equipment to 
support the drilling operations.  Such vehicles or floating equipment are needed to transport drill water, 
drilling supplies and equipment, samples, drilling personnel, etc. to and/or from various boring locations. 
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5.2.12 Equipment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will fit properly in the boring or well. 
 
For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, water 
or drilling mud to remove cuttings and cool the bit.  Tri-cone bits are slightly smaller than the holes they 
drill (i.e., 5-7/8-inch or 7-7/8-inch bits will nominally drill 6-inch and 8-inch holes, respectively). 
 
For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging 
from 2 inches to 3-1/2 inches in outside diameter.  However, the most commonly used size is the 
2-inch O.D., 1-3/8-inch I.D. split-barrel sampler.  When this sampler is used and driven by a 140-pound 

(∀ 2-pound) hammer dropping 30 inches (∀ 1 inch), the procedure is called a Standard Penetration Test, 
and the blows per foot required to advance the sampler into the formation can be correlated to the 
formation's density or strength. 
 
In planning the drilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples 
or diamond core drilling will be performed, refer to the various sizes and clearances provided in 
Attachment A of this guideline.  Sizes selected must be stated in the project plan documents. 
 
5.2.13 Estimated Drilling Progress 

To estimate the anticipated rates of drilling progress for a site, the following must be considered: 
 

• The speed of the drilling method employed. 
 

• Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions in 
bouldery soils, rubble fill or broken rock, etc.). 

 

• Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 

 
Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development 
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling 
methods: 
 

Drilling Method Average Daily Progress 

(linear feet) 

Hollow-stem augers 75' 

Solid-stem augers 50' 

Mud-Rotary Drilling 100' (cuttings samples) 

Rotosonic Drilling 100'-160' (continuous core) 

Reverse-Circulation Rotary 100' (cuttings samples) 

Skid-Rig with driven casing 30' 

Rotary with driven casing 50' 

Cable Tool 30' 

Hand Auger Varies 

Continuous Rock Coring 50' 
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5.3 Prevention of Cross-Contamination 

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated 
groundwater to lower strata below a confining layer.  The telescoping technique consists of drilling to a 
confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method similar 
to the rock coring method described in Section 5.2.10, except that larger casing is used) or by using a 
driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel well 
casing.  The operation consists of three separate steps.  Initially, a drilling casing (usually of 8-inch 
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch 
wells).  This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole.  
The well casing is sealed at the bottom with a bentonite-cement slurry.  The remaining depth of the boring 
is drilled utilizing a narrower diameter spun or driven casing technique within the outer well casing.  A 
smaller diameter well casing with an appropriate length of slotted screen on the lower end, is installed to 
the surface. 
 
Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to 
withdrawal of the drilling casing.  The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure-grouted 
or displacement-grouted into the hole.  The remaining casing annulus is backfilled with clean material and 
grouted at the surface, or it is grouted all the way to the surface. 
 
5.4 Cleanout of Casing Prior to Sampling 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside walls of the casing.  The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing.  Loss of wash water during cleaning should be recorded. 
 
For disturbed samples both above and below the water table and where introduction of relatively large 
volumes of wash water is permissible, the cleaning operation is usually performed by washing the 
material out of the casing with water; however, the cleaning should never be accomplished with a strong, 
downward-directed jet which will disturb the underlying soil.  When clean out has reached the bottom of 
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom 
with the water still flowing, until the wash water coming out of the casing is clear of granular soil particles.  
In formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly 
raise and lower the drill rods and wash bit while washing out the hole, to surge these large particles 
upward out of the hole.  As a time saver, the drilling contractor may be permitted to use a split-barrel 
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below 
the spoon is not disturbed and the shoe of the spoon is not damaged.  However, because the ball check 
valve has been removed, in some formations it may be necessary to install a flap valve or spring sample 
retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the 
hole.  The use of jet-type chopping bits is discouraged except where large boulders and cobbles or hard-
cemented soils are encountered.  If water markedly softens the soils above the water table, clean out 
should be performed dry with an auger. 
 
For undisturbed samples below the water table, or where wash water must be minimized, clean out is 
usually accomplished with an appropriate diameter clean out auger.  This auger has cutting blades at the 
bottom to carry loose material up into the auger, and up-turned water jets just above the cutting blades to 
carry the removed soil to the surface.  In this manner, there is a minimum of disturbance at the top of the 
material to be sampled.  If any gravel material washes down into the casing and cannot be removed by 
the clean out auger, a split-barrel sample can be taken to remove it; bailers and sandpumps should not 
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be used.  For undisturbed samples above the groundwater table, all operations must be performed in a 
dry manner. 
 
If all of the cuttings created by drilling through the overlying formations are not cleaned from the borehole 
prior to sampling, some of the problems which may be encountered during sampling include: 
 

• When sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler 
may become filled with the cuttings.  This limits the amount of sample from the underlying formation 
which can enter and be retained in the sampler, and also raises questions as to the validity of the 
sample. 

 

• If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, these may 
block the bit of the sampler and prevent any materials from the underlying formation from entering the 
sampler when the sampler is advanced. 

 

• In cased borings, should sampling be attempted through cuttings which remain in the lower portion of 
the casing, these cuttings could cause the sampler to become bound into the casing, such that it 
becomes very difficult to either advance or retract the sampler. 

 

• When sampler blow counts are used to estimate the density or strength of the formation being 
sampled, the presence of cuttings in the borehole will usually give erroneously high sample blow 
counts. 

 
To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the site geologist measure the "stickup" of the drill string.  This is accomplished by 
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered 
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the 
height of this reference point above the ground surface.  The difference of these measurements is the 
depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be 
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled).  If 
the length of drill string below grade is more than the drilled or casing depth, the borehole has been 
cleaned too deeply, and this deeper depth of sampling must be recorded on the log.  If the length of drill 
string below grade is less than the drilled or casing depth, the difference represents the thickness of 
cuttings which remain in the borehole.  In most cases, an inch or two of cuttings may be left in the 
borehole with little or no problem.  However, if more than a few inches of cuttings are encountered, the 
borehole must be recleaned prior to attempting sampling. 
 
5.5 Materials of Construction 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced in SOP GH-2.8.  However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness of soil and ground water samples. 
 
The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected.  These slurry materials could be used for installation of long-term 
monitoring wells, but the early time data in time series collection of ground water data may then be 
suspect.  If synthetic or organic polymer muds are proposed for use at a given site, a complete written 
justification including methods and procedures for their use must be provided by the site geologist and 
approved by the Project Manager.  The specific slurry composition and the concentration of suspected 
contaminants for each site must be known. 
 



 Subject 
SOIL AND ROCK  
DRILLING METHODS 

Number 
 GH-1.3 

Page 
 18 of 26 

Revision 
 2 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections.  However, there are instances, such as drilling in tight clayey formations or in loose gravels, 
when threaded couplings must be lubricated to avoid binding.  In these instances, to be determined in the 
field by the judgment of the site geologist and noted in the site logbook, and only after approval by the 
Project Manager, a vegetable oil or silicone-based lubricant should be used.  Petroleum based greases, 
etc. will not be permitted.  Samples of lubricants used must be provided and analyzed for chemical 
parameters appropriate to the given site. 
 
5.6 Subsurface Soil Samples 

Subsurface soil samples are used to characterize subsurface stratigraphy.  This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface.  In addition, definition of 
the actual migration of contaminants can be obtained through chemical analysis of the soil samples.  
Where the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 
 
Engineering and physical properties of soil may also be of interest should site construction activities be 
planned.  Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit 
weight, and moisture content are some of the physical characteristics that may be determined for soil 
samples. 
 
Penetration tests are also described in this procedure.  The tests can be used to estimate various 
physical and engineering parameters such as relative density, unconfined compressive strength, and 
consolidation characteristics of soils. 
 
Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3.  Continuous-core 
soil sampling and rock coring are discussed below.  The procedures described here are representative of 
a larger number of possible drilling and sampling techniques.  The choice of techniques is based on a 
large number of variables such as cost, local geology, etc.  The final choice of methods must be made 
with the assistance of drilling subcontractors familiar with the local geologic conditions.  Alternative 
techniques must be based upon the underlying principles of quality assurance implicit in the following 
procedures.   
 
The CME continuous sample tube system provides a method of sampling soil continuously during hollow-
stem augering.  The 5-foot sample barrel fits within the lead auger of a hollow-auger column.  The 
sampling system can be used with a wide range of I.D. hollow-stem augers (from 3-1/4-inch to 
8-1/4-inch I.D.).  This method has been used to sample many different materials such as glacial drift, hard 
clays and shales, mine tailings, etc.  This method is particularly used when SPT samples are not required 
and a large volume of material is needed.  Also, this method is useful when a visual description of the 
subsurface lithology is required.  Rotosonic drilling methods also provide a continuous soil sample. 
 
5.7 Rock Sampling (Coring) (ASTM D2113-83) 

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely all 
lithologic changes and characteristics.  Because coring is an expensive drilling method, it is commonly 
used for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require detailed 
logging and/or analyzing.  Rock coring can, however, proceed for thousands of feet continuously, 
depending on the size of the drill rig, and yields better quality data than air-rotary drilling, although at a 
substantially reduced drilling rate.  Rate of drilling varies widely, depending on the characteristics of 
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment.  Average 
output in a 10-hour day ranges from 40 to over 200 feet.  Down hole geophysical logging or television 
camera monitoring is sometimes used to complement the data generated by coring. 
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Borehole diameter can be drilled to various sizes, depending on the information needed.  Standard sizes 
of core barrels (showing core diameter) and casing are shown in Figure 1. 
 
Core drilling is used when formations are too hard to be sampled by soil sampling methods and a 
continuous solid sample is desired.  Usually, soil samples are used for overburden, and coring begins in 
sound bedrock.  Casing is set into bedrock before coring begins to prevent loose material from entering 
the borehole, to prevent loss of drilling fluid, and to prevent cross-contamination of aquifers. 
 
Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (outer core 
barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, drilling 
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering). 
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FIGURE 1 
 

STANDARD SIZES OF CORE BARRELS AND CASING 
 

Coring Bit Size Nominal* Set Size* 

O.D. I.D. O.D. I.D. 

RWT 1  5/32 3/4 1.160 0.735 

EWT 1  1/2 29/32 1.470 0.905 

EX, EXL, EWG, EWM 1  1/2 13/16 1.470 0.845 

AWT 1  7/8 1  9/32 1.875 1.281 

AX, AXL, AWG, AWM 1  7/8 1  3/16 1.875 1.185 

BWT 2  3/8 1  3/4 2.345 1.750 

BX, BXL, BWG, BWM 2  3/8 1  5/8 2.345 1.655 

NWT 3 2  5/16 2.965 2.313 

NX, NXL, NWG, NWM 3 2  1/8 2.965 2.155 

HWT 3  29/32 3  3/16 3.889 3.187 

HWG 3  29/32 3 3.889 3.000 

2  3/4  x  3  7/8 3  7/8 2  3/4 3.840 2.690 

4  x  5  1/2 5  1/2 4 5.435 3.970 

6  x  7  3/4 7  3/4 6 7.655 5.970 

AX Wire line ___|___/ 1  7/8 1 1.875 1.000 

BX Wire line ___|___/ 2  3/8 1  7/16 2.345 1.437 

NX Wire line ___|___/ 3 1  15/16 2.965 1.937 

 

* All dimensions are in inches; to convert to millimeters, multiply by 25.4. 

___|___/   Wire line dimensions and designations may vary according to manufacturer. 
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FIGURE 1 

STANDARD SIZES OF CORE BARRELS AND CASING 

PAGE TWO 

 

Size Designations  

 

 

Casing 

O.D., 
Inches 

Casing 

Coupling 

 

 

 

Casing 

bit O.D., 
Inches 

 

 

Core 

barrel 

bit O.D., 
Inches* 

 

 

 

Drill rod 

O.D., 
Inches 

Approximate Core 

Diameter 

Casing; 

Casing 

coupling; 

Casing 

bits; Core 
barrel bits 

Rod; rod 
couplings 

O.D., 
Inches 

I.D., 
Inches 

Normal, 
Inches 

Thinwall, 
Inches 

RX RW 1.437 1.437 1.188 1.485 1.160 1.094 --- 0.735 

EX E 1.812 1.812 1.500 1.875 1.470 1.313 0.845 0.905 

AX A 2.250 2.250 1.906 2.345 1.875 1.625 1.185 1.281 

BX B 2.875 2.875 2.375 2.965 2.345 1.906 1.655 1.750 

NX N 3.500 3.500 3.000 3.615 2.965 2.375 2.155 2.313 

HX HW 4.500 4.500 3.938 4.625 3.890 3.500 3.000 3.187 

RW RW 1.437   1.485 1.160 1.094 --- 0.735 

EW EW 1.812 1.875 1.470 1.375 0.845 0.905 

AW AW 2.250 2.345 1.875 1.750 1.185 1.281 

BW BW 2.875 2.965 2.345 2.125 1.655 1.750 

NW NW 3.500 3.615 2.965 2.625 2.155 2.313 

HW HW 4.500 4.625 3.890 3.500 3.000 3.187 

PW --- 5.500 5.650 --- --- --- --- 

SW --- 6.625 6.790 --- --- --- --- 

UW --- 7.625 7.800 --- --- --- --- 

ZW --- 8.625 8.810 --- --- --- --- 

--- AX __|__\ --- --- --- --- 1.875 1.750 1.000 --- 

--- BX __|__\ --- --- --- --- 2.345 2.250 1.437 --- 

--- NX __|__\ --- --- --- --- 2.965 2.813 1.937 --- 

 

* All dimensions are in inches; to convert to millimeters, multiply by 25.4. 

___|___/   Wire line dimensions and designations may vary according to manufacturer. 
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5.7.1 Diamond Core Drilling 

A penetration of typically less than 6 inches per 50 blows using a 140-lb. hammer dropping 30 inches with 
a 2-inch split-barrel sampler shall be considered an indication that soil sampling methods may not be 
applicable and that coring may be necessary to obtain samples. 
 
When formations are encountered that are too hard to be sampled by soil sampling methods, the 
following diamond core drilling procedure may be used: 
 

• Firmly seat a casing into the bedrock or the hard material to prevent loose materials from entering the 
hole and to prevent the loss of drilling fluid return.  Level the surface of the rock or hard material when 
necessary by the use of a fishtail or other bits.  If the drill hole can be retained open without the 
casing and if cross-contamination of aquifers in the unconsolidated materials is unlikely, leveling may 
be omitted. 

 

• Begin the core drilling using a double-tube swivel-core barrel of the desired size.  After drilling no 
more than 10 feet (3 m), remove the core barrel from the hole and take out the core.  If the core 
blocks the flow of the drilling fluid during drilling, remove the core barrel immediately.  In soft 
materials, a large starting size may be specified for the coring tools; where local experience indicates 
satisfactory core recovery or where hard, sound materials are anticipated, a smaller size or the 
single-tube type may be specified and longer runs may be drilled.  NX/NW size coring equipment is 
the most commonly used size. 

 

• When soft materials are encountered that produce less than 50 percent recovery, stop the core 
drilling.  If soil samples are desired, secure such samples in accordance with the procedures 
described in ASTM Method D 1586 (Split-barrel Sampling) or in Method D 1587 (Thin-Walled Tube 
Sampling); sample soils per SOP SA-1.3.  Resume diamond core drilling when refusal materials are 
again encountered. 

 

• Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are among 
the most important items to be detected and described, take special care to obtain and record these 
features.  If such broken zones or cavities prevent further advance of the boring, one of the following 
three steps shall be taken:  (1) cement the hole; (2) ream and case; or (3) case and advance with the 
next smaller size core barrel, as conditions warrant. 

 

• In soft, seamy, or otherwise unsound rock, where core recovery may be difficult, M-design core 
barrels may be used.  In hard, sound rock where a high percentage of core recovery is anticipated, 
the single-tube core barrel may be employed. 

 
5.7.2 Rock Sample Preparation and Documentation 

Once the rock coring has been completed and the core recovered, the rock core shall be carefully 
removed from the barrel, placed in a core tray (previously labeled "top" and "bottom" to avoid confusion), 
classified, and measured for percentage of recovery as well as the rock quality designation (RQD).  Each 
core shall be described, classified, and logged using a uniform system as presented in SOP GH-1.5.  If 
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of clay 
formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after 
logging.  Each plastic sleeve shall be labeled with indelible ink.  The boring number, run number, and the 
footage represented in each sleeve shall be included, as well as designating the top and bottom of the 
core run. 
 
After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden boxes 
provided by the drilling contractor.  Rock cores from two different borings shall not be placed in the same 
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core box unless accepted by the Project Geologist.  The core boxes shall be constructed to 
accommodate at least 20 linear feet of core in rows of approximately 5 feet each and shall be constructed 
with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the top securely 
fastened down.  Wood partitions shall be placed at the end of each core run and between rows. 
 
The depth from the surface of the boring to the top and bottom of the drill run and run number shall be 
marked on the wooden partitions with indelible ink.  A wooden partition (wooden block) shall be placed at 
the end of each run with the depth of the bottom of the run written on the block.  These blocks will serve 
to separate successive core runs and indicate depth intervals for each run.  The order of placing cores 
shall be the same in all core boxes.  Rock core shall be placed in the box so that, when the box is open, 
with the inside of the lid facing the observer, the top of the cored interval contained within the box is in the 
upper left corner of the box, and the bottom of the cored interval is in the lower right corner of the box.  
The top and bottom of each core obtained and its true depth shall be clearly and permanently marked on 
each box.  The width of each row must be compatible with the core diameter to prevent lateral movement 
of the core in the box.  Similarly, an empty space in a row shall be filled with an appropriate filler material 
or spacers to prevent longitudinal movement of the core in the box. 
 
The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data on 
the box's contents.  At a minimum, the following information shall be included: 
 

• Project name. 

• Project number. 

• Boring number. 

• Run numbers. 

• Footage (depths). 

• Recovery. 

• RQD (%). 

• Box number and total number of boxes for that boring (Example:  Box 5 of 7). 
 
For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and 
include project number, boring number, top and bottom depths of core and box number.   
 
Prior to final closing of the core box, a photograph of the recovered core and the labeling on the inside 
cover shall be taken.  If moisture content is not critical, the core shall be wetted and wiped clean for the 
photograph.  (This will help to show true colors and bedding features in the cores). 
 
6.0 REFERENCES 
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American Society for Testing and Materials, 1989.  Standard Practice for Diamond Core Drilling for Site 
Investigation.  ASTM Method D2113-83 (reapproved 1987), Annual Book of Standards, ASTM, 
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ATTACHMENT A 
 

DRILLING EQUIPMENT SIZES 
 

Drilling Component Designation or 
Hole Size (Inches) 

O.D. 
(Inches) 

I.D. 
(Inches) 

Coupling I.D. 
(Inches) 

Hollow-stem augers (Ref. 7) 6  1/4 5 2  1/4  

 6  3/4 5  3/4 2  3/4 --- 

 7  1/4 6  1/4 3  1/4 --- 

 13  1/4 12 6 --- 

Thin Wall Tube Samplers 
(Ref. 7) 

--- 2 1  7/8 --- 

 --- 2  1/2 2  3/8 --- 

 --- 3 2  7/8 --- 

 --- 3  1/2 3  3/8 --- 

 --- 4  1/2 4  3/8 --- 

 --- 5 4  3/4 --- 

Drill Rods (Ref. 7) RW 1  3/32 23/32 13/32 

 EW 1  3/8 15/16 7/16 

 AW 1  3/4 1  1/4 5/8 

 BW 2  1/8 1  3/4 3/4 

 NW 2  5/8 2  1/4 1  3/8 

 HW 3  1/2 3  1/16 2  3/8 

 E 1  5/16 7/8 7/16 

 A 1  5/8 1  1/8 9/16 

 B 1  7/8 1  1/4 5/8 

 N 2  3/8 2 1 

    Wall Thickness 
(Inches) 

Driven External Coupled Extra 
Strong Steel* Casing (Ref. 8) 

2  1/2 2.875 2.323 0.276 

 3 3.5 2.9 0.300 

 3  1/2 4.0 3.364 0.318 

 4 4.5 3.826 0.337 

 5 5.63 4.813 0.375 

 6 6.625 5.761 0.432 

 8 8.625 7.625 0.500 

 10 10.750 9.750 0.500 

 12 12.750 11.750 0.500 

 
* Add twice the casing wall thickness to casing O.D. to obtain the approximate O.D. of the external 

pipe couplings. 
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PAGE TWO 

Drilling Component Designation or 
Hole Size 
(Inches) 

O.D. 
(Inches) 

I.D. 
(Inches) 

Coupling I.D. 
(Inches) 

Flush Coupled Casing 
(Ref. 7) 

RX 1  7/16 1  3/16 1  3/16 

 EX 1  13/16 1  5/8 1  1/2 

 AX 2  1/4 2 1  29/32 

 BX 2  7/8 2  9/16 2  3/8 

 NX 3  1/2 3  3/16 3 

 HX 4  1/2 4  1/8 3  15/16 

Flush Joint Casing (Ref. 7) RW 1  7/16 1  3/16  

 EW 1  13/16 1  1/2  

 AW 2  1/4 1  29/32  

 BW 2  7/8 2  3/8  

 NW 3  1/2 3  

 HW 4  1/2 4  

 PW 5  1/2 5  

 SW 6  5/8 6  

 UW 7  5/8 7  

 ZW 8  5/8 8  

Diamond Core Barrels 
(Ref. 7) 

EWM 1  1/2 7/8**  

 AWM 1  7/8 1  1/8**  

 BWM 2  3/8 1  5/8**  

 NWM 3 2  1/8  

 HWG 3  7/8 3  

 2  3/4  x  3  7/8 3  7/8 2  11/16  

 4  x  5  1/2 5  1/2 3  15/16  

 6  x  7  3/4 7  3/4 5  15/16  

 AQ (wireline) 1  57/64 1  1/16**  

 BQ (wireline) 2  23/64 1  7/16**  

 NQ (wireline) 2  63/64 1  7/8  

 HQ (wireline) 3  25/32 2  1/2  

 
** Because of the fragile nature of the core and the difficulty to identify rock details, use of small-

diameter core (1 3/8") is not recommended. 
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1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 
 
2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging.  
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology.  While experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 
 
3.0 GLOSSARY 

None. 
 
4.0 RESPONSIBILITIES 

Site Geologist.  Responsible for supervising all boring activities and assuring that each borehole is 
completely logged.  If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures.  A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. 
 
5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer.  To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the field classification system described in this SOP.  This identification is based on visual 
examination and manual tests. 
 
5.1 Materials Needed 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 
 

• Rock hammer 

• Knife 

• Camera 

• Dilute hydrochloric acid (HCl) 

• Ruler (marked in tenths and hundredths of feet) 

• Hand Lens 
 
5.2 Classification of Soils 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is 
needed.  Details on filling out the boring log are discussed in Section 5.5. 
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 FIGURE 1
 

 BORING LOG (EXAMPLE) 
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5.2.1 USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS).  This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies soil types on the basis of grain size and cohesiveness. 
 
Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types:  silt (M) and clay (C).  
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors.  Organic material (O) is a common component 
of soil but has no size range; it is recognized by its composition.  The careful study of the USCS will aid in 
developing the competence and consistency necessary for the classification of soils. 
 
Coarse-grained soils shall be divided into rock fragments, sand, or gravel.  The terms sand and gravel not 
only refer to the size of the soil particles but also to their depositional history.  To insure accuracy in 
description, the term rock fragments shall be used to indicate angular granular materials resulting from 
the breakup of rock.  The sharp edges typically observed indicate little or no transport from their source 
area, and therefore the term provides additional information in reconstructing the depositional 
environment of the soils encountered.  When the term "rock fragments" is used it shall be followed by a 

size designation such as "(1/4 inchΦ-1/2 inchΦ)" or "coarse-sand size" either immediately after the entry 
or in the remarks column.  The USCS classification would not be affected by this variation in terms. 
 
5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures.  A soil could therefore be referred to as "gray" or "light 
gray" or "blue-gray."  Since color can be utilized in correlating units between sampling locations, it is 
important for color descriptions to be consistent from one boring to another. 
 
Colors must be described while the sample is still moist.  Soil samples shall be broken or split vertically to 
describe colors.  Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 
 
The term "mottled" shall be used to indicate soils irregularly marked with spots of different colors.  
Mottling in soils usually indicates poor aeration and lack of good drainage. 
 
Soil Color Charts shall not be used unless specified by the project manager. 
 
5.2.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.  
Granular soils contain predominantly sands and gravels.  They are noncohesive (particles do not adhere 
well when compressed).  Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 
 
The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3.  Those designations are: 
 

Designation Standard Penetration 

Resistance 
(Blows per Foot) 

Very loose 0 to 4 
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Loose 5 to 10 

Medium dense 11 to 30 

Dense 31 to 50 

Very dense Over 50 

 
Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through 
30 inches.  The sampler is driven through an 18-inch sample interval, and the number of blows is 
recorded for each 6-inch increment.  The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of each sample interval.  It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists.  This shall be 
noted on the log and referenced to the sample number.  Granular soils are given the USCS classifications 
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 
 
The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 
 
Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1). 
 
The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb.  The pocket penetrometer and thumb determination methods are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler.  The 
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to 
determine the consistency.  Do not determine consistency by attempting to penetrate a rock fragment.  If 
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil.  
Consistency shall not be determined solely by blow counts.  One of the other methods shall be used in 
conjunction with it.  The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 
 
5.2.4 Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types.  The following terms are useful in the description of soil: 
 

Terms of Identifying Proportion of the 

Component 

Defining Range of 

Percentages by Weight 

Trace 0 - 10 percent 

Some 11 - 30 percent 

Adjective form of the soil type (e.g., "sandy") 31 - 50 percent 
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FIGURE 2 

 

CONSISTENCY FOR COHESIVE SOILS 

 

Consistency Standard 

Penetration 

Resistance 

(Blows per 
Foot) 

Unconfined 

Compressive 

Strength  

(Tons/Sq. Foot by 

pocket 
penetration) 

Field Identification 

Very soft 0 to 2 Less than 0.25 Easily penetrated several inches by fist 

Soft 2 to 4 0.25 to 0.50 Easily penetrated several inches by 
thumb 

Medium stiff 4 to 8 0.50 to 1.0 Can be penetrated several inches by 
thumb with moderate effort 

Stiff 8 to 15 1.0 to 2.0 Readily indented by thumb but 
penetrated only with great effort 

Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail 

Hard Over 30 More than 4.0 Indented with difficulty by thumbnail 
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Examples: 
 

• Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 

• Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 

• Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 

• Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 
 
5.2.5 Moisture 

Moisture content is estimated in the field according to four categories:  dry, moist, wet, and saturated.  In 
dry soil, there appears to be little or no water.  Saturated samples obviously have all the water they can 
hold.  Moist and wet classifications are somewhat subjective and often are determined by the individual's 
judgment.  A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a 
porous surface liberates water, i.e., dirties or muddies the surface.  Whatever method is adopted for 
describing moisture, it is important that the method used by an individual remains consistent throughout 
an entire drilling job. 
 
Laboratory tests for water content shall be performed if the natural water content is important. 
 
5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened.  The stratification or bedding 
thickness for soil and rock is depending on grain size and composition.  The classification to be used for 
stratification description is shown in Figure 3. 
 
5.2.7 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described.  Texture is described as the relative angularity of 
the particles:  rounded, subrounded, subangular, and angular.  Fabric shall be noted as to whether the 
particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat 
particles are parallel or there is some cementation).  The bedding or structure shall also be noted (e.g., 
stratified, lensed, nonstratified, heterogeneous varved). 
 
5.2.8 Summary of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site.  The 
hierarchy of classification is as follows: 
 

• Density and/or consistency 

• Color 

• Plasticity (Optional) 

• Soil types 

• Moisture content 

• Stratification 

• Texture, fabric, bedding 

• Other distinguishing features 
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FIGURE 3 

 

BEDDING THICKNESS CLASSIFICATION 

 

Thickness 
(metric) 

Thickness 

(Approximate 
English Equivalent) 

Classification 

> 1.0 meter > 3.3' Massive 

30 cm - 1 meter 1.0' - 3.3' Thick Bedded 

10 cm - 30 cm 4" - 1.0' Medium Bedded 

3 cm - 10 cm 1" - 4" Thin Bedded 

1 cm - 3 cm 2/5" - 1" Very Thin Bedded 

3 mm - 1 cm 1/8" - 2/5" Laminated 

1 mm - 3 mm 1/32" - 1/8" Thinly Laminated 

< 1 mm <1/32" Micro Laminated 

 

(Weir, 1973 and Ingram, 1954) 

 

 
  



 Subject 
 
        BOREHOLE AND SAMPLE LOGGING 

Number 
 GH-1.5 

Page 
 11 of 20 

Revision 
 2 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

5.3 Classification of Rocks 

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic.  Sedimentary rocks 
are by far the predominant type exposed at the earth's surface.  The following basic names are applied to 
the types of rocks found in sedimentary sequences: 
 

• Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter. 
 

• Siltstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter.  Fractures 
irregularly.  Medium thick to thick bedded. 

 

• Claystone - Very fine-grained rock made up of clay and silt-size materials.  Fractures irregularly.  Very 
smooth to touch.  Generally has irregularly spaced pitting on surface of drilled cores. 

 

• Shale - A fissile very fine-grained rock.  Fractures along bedding planes. 
 

• Limestone - Rock made up predominantly of calcite (CaCO3).  Effervesces strongly upon the 
application of dilute hydrochloric acid. 

 

• Coal - Rock consisting mainly of organic remains. 
 

• Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record.  The local abundance of any of these rock types is dependent upon the depositional history of 
the area.  Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types 
found in lesser amounts. 

 
In classifying a sedimentary rock the following hierarchy shall be noted: 
 

• Rock type 

• Color 

• Bedding thickness 

• Hardness 

• Fracturing 

• Weathering 

• Other characteristics 
 
5.3.1 Rock Type 

As described above, there are numerous types of sedimentary rocks.  In most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used.  The modifier indicates that a significant portion of the rock type is composed of the 
modifier.  Other modifiers can include carbonaceous, calcareous, siliceous, etc. 
 
Grain size is the basis for the classification of clastic sedimentary rocks.  Figure 4 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks.  The individual boundaries are 
slightly different than the USCS subdivision for soil classification.  For field determination of grain sizes, a 
scale can be used for the coarse grained rocks.  For example, the division between siltstone and 
claystone may not be measurable in the field.  The boundary shall be determined by use of a hand lens.  
If the grains cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a 
siltstone.  If the grains are not distinguishable with a hand lens, the rock is a claystone. 
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FIGURE 4 

 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

 

Particle Name Grain Size Diameter 

Cobbles > 64 mm 

Pebbles 4 - 64 mm 

Granules 2 - 4 mm 

Very Coarse Sand 1 - 2 mm 

Coarse Sand 0.5 - 1 mm 

Medium Sand 0.25 - 0.5 mm 

Fine Sand 0.125 - 0.25 mm 

Very Fine Sand 0.0625 - 0.125 mm 

Silt 0.0039 - 0.0625 mm 

 

After Wentworth, 1922 
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5.3.2 Color 

The color of a rock can be determined in a similar manner as for soil samples.  Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 
 
Rock color charts shall not be used unless specified by the Project Manager. 
 
5.3.3 Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 
 
5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of 
the rock.  A relative scale for sedimentary rock hardness is as follows: 
 

• Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail.  
Soft rock crushes or deforms under pressure of a pressed hammer.  This term is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

 

• Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges 
from single hammer blow. 

 

• Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from 
single hammer blow. 

 

• Hard - Requires several hammer blows to break and has sharp conchoidal breaks.  Cannot be 
scratched with screwdriver. 

 
Note the difference in usage here of the works "scratch" and "gouge."  A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the 
rock itself), while a gouge is much deeper. 
 
5.3.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing.  
After eliminating drilling breaks, the average spacing is calculated and the fracturing is described by the 
following terms: 
 

• Very broken (V. BR.) - Less than 2-inch spacing between fractures 

• Broken (BR.) - 2-inch to 1-foot spacing between fractures 

• Blocky (BL.) - 1- to 3-foot spacing between fractures 

• Massive (M.) - 3 to 10-foot spacing between fractures 
 
The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered.  The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 
 
Method of Calculating RQD 
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(After Deere, 1964) 
 

RQD % = r/l x 100 
 

r  = Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks.  Natural breaks include 
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling), 
friable zones, etc. 

 
l  = Total length of the coring run. 

 
5.3.6 Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles 
and is also useful in engineering designs.  The following terms can be applied to distinguish the degree of 
weathering: 
 

• Fresh - Rock shows little or no weathering effect.  Fractures or joints have little or no staining and 
rock has a bright appearance. 

 

• Slight - Rock has some staining which may penetrate several centimeters into the rock.  Clay filling of 
joints may occur.  Feldspar grains may show some alteration. 

 

• Moderate - Most of the rock, with exception of quartz grains, is stained.  Rock is weakened due to 
weathering and can be easily broken with hammer. 

 

• Severe - All rock including quartz grains is stained.  Some of the rock is weathered to the extent of 
becoming a soil.  Rock is very weak. 

 
5.3.7 Other Characteristics 

The following items shall be included in the rock description: 
 

• Description of contact between two rock units.  These can be sharp or gradational. 

• Stratification (parallel, cross stratified). 

• Description of any filled cavities or vugs. 

• Cementation (calcareous, siliceous, hematitic). 

• Description of any joints or open fractures. 

• Observation of the presence of fossils. 

• Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 
degree of weathering. 

 
All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation.  The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 
 
5.3.8 Additional Terms Used in the Description of Rock 

The following terms are used to further identify rocks: 
 

• Seam - Thin (12 inches or less), probably continuous layer. 
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• Some - Indicates significant (15 to 40 percent) amounts of the accessory material.  For example, rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some 
shale seams." 

 

• Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material.  For example, rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone -- few 
shale seams." 

 

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts.  For example, rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale." 

 

• Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

 
The preceding sections describe the classification of sedimentary rocks.  The following are some basic 
names that are applied to igneous rocks: 
 

• Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene. 
 

• Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase.  The fine-grained 
equivalent of a granite. 

 

• Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 
 

• Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and hornblende. 
 

• Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene.  Loosely 
used for any coarse-grained dark igneous rock. 

 
The following are some basic names that are applied to metamorphic rocks: 
 

• Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage.  Contains 
predominantly chlorite, mica, quartz, and sericite. 

 

• Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage 
surface. 

 

• Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous 
minerals which dominate its composition. 

 

• Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 
 

• Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of 
quartz sand with silica cement. 

 
5.4 Abbreviations 

Abbreviations may be used in the description of a rock or soil.  However, they shall be kept at a minimum.  
Following are some of the abbreviations that may be used: 
 

C - Coarse Lt - Light Yl - Yellow 
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Med - Medium BR - Broken Or - Orange 

F - Fine BL - Blocky SS - Sandstone 

V - Very M - Massive Sh - Shale 

Sl - Slight Br - Brown LS - Limestone 

Occ - Occasional Bl - Black Fgr - Fine-grained 

Tr - Trace   

 
5.5 Boring Logs and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field.  
Information obtained from the preceding sections shall be used to complete the logs.  A sample boring log 
has been provided as Figure 5.  
 
The field geologist/engineer shall use this example as a guide in completing each boring log.  Each boring 
log shall be fully described by the geologist/engineer as the boring is being drilled.  Every sheet contains 
space for 25 feet of log.  Information regarding classification details is provided either on the back of the 
boring log or on a separate sheet, for field use. 
 
5.5.1 Soil Classification 

• Identify site name, boring number, job number, etc.  Elevations and water level data to be entered 
when surveyed data is available. 

 

• Enter sample number (from SPT) under appropriate column.  Enter depth sample was taken from 
(1 block = 1 foot).  Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the 
proportional location between the 13- and 14-foot marks.  Enter blow counts (Standard Penetration 
Resistance) diagonally (as shown).  Standard penetration resistance is covered in Section 5.2.3. 

 

• Determine sample recovery/sample length as shown.  Measure the total length of sample recovered 
from the split-spoon sampler, including material in the drive shoe.  Do not include cuttings or wash 
material that may be in the upper portion of the sample tube. 

 

• Indicate any change in lithology by drawing a line at the appropriate depth.  For example, if clayey silt 
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this 
increment.  This information is helpful in the construction of cross-sections.  As an alternative, 
symbols may be used to identify each change in lithology. 

 

• The density of granular soils is obtained by adding the number of blows for the last two increments.  
Refer to Density of Granular Soils Chart on back of log sheet.  For consistency of cohesive soils refer 
also to the back of log sheet - Consistency of Cohesive Soils.  Enter this information under the 
appropriate column.  Refer to Section 5.2.3. 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 
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• Enter color of the material in the appropriate column. 
 

• Describe material using the USCS.  Limit this column for sample description only.  The predominant 
material is described last.  If the primary soil is silt but has fines (clay) - use clayey silt.  Limit soil 
descriptors to the following: 

 
- Trace: 0 - 10 percent 
- Some: 11 - 30 percent 
- And/Or: 31 - 50 percent 

 

• Also indicate under Material Classification if the material is fill or natural soils.  Indicate roots, organic 
material, etc. 

 

• Enter USCS symbol - use chart on back of boring log as a guide.  If the soils fall into one of two basic 
groups, a borderline symbol may be used with the two symbols separated by a slash.  For example 
ML/CL or SM/SP. 

 

• The following information shall be entered under the "Remarks" column and shall include, but is not 
limited by, the following: 

 
- Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated.  

These terms are determined by the individual.   Whatever method is used to determine moisture, 
be consistent throughout the log. 

 
- Angularity -  describe angularity of coarse grained particles using the terms angular, subangular, 

subrounded, or rounded.  Refer to ASTM D 2488 or Earth Manual for criteria for these terms. 
 

- Particle shape - flat, elongated, or flat and elongated. 
 

- Maximum particle size or dimension. 
 

- Water level observations. 
 

- Reaction with HCl - none, weak, or strong. 
 

• Additional comments: 
 

- Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss 
or gain of water. 

 
- Indicate odor and Photoionization Detector (PID) or Flame Ionization Detector (FID) reading if 

applicable. 
 

- Indicate any change in lithology by drawing a line through the lithology change column and 
indicate the depth.  This will help when cross-sections are subsequently constructed. 

 
- At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any 

other useful information (i.e., borehole size, casing set, changes in drilling method). 
 

- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to indicate consistency of material from sample to sample, if 
the material is consistent.  Horizontal lines shall be drawn if there is a change in lithology, then 
vertical lines drawn to that point. 
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- Indicate screened interval of well, as needed, in the lithology column.  Show top and bottom of 

screen.  Other details of well construction are provided on the well construction forms. 
 
5.5.2 Rock Classification 

• Indicate depth at which coring began by drawing a line at the appropriate depth.  Indicate core run 
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet.  
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns. 

 

• Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1. 
 

• Rock hardness is entered under designated column using terms as described on the back of the log 
or as explained earlier in this section. 

 

• Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be 
scraped clean prior to describing color. 

 

• Enter rock type based on sedimentary, igneous or metamorphic.  For sedimentary rocks use terms as 
described in Section 5.3.  Again, be consistent in classification.  Use modifiers and additional terms 
as needed.  For igneous and metamorphic rock types use terms as described in Sections 5.3.8. 

 

• Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR, 
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log. 

 

• The following information shall be entered under the remarks column.  Items shall include but are not 
limited to the following: 

 
- Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as 

high, low), i.e., 70Ε angle from horizontal, high angle. 
- Indicate calcareous zones, description of any cavities or vugs. 
- Indicate any loss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

 

• Remarks at the bottom of Boring Log shall include: 
 

- Type and size of core obtained. 
- Depth casing was set. 
- Type of rig used. 

 

• As a final check the boring log shall include the following: 
 

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock 
material. 

 
- If applicable, indicate screened interval in the lithology column.  Show top and bottom of screen.  

Other details of well construction are provided on the well construction forms. 
 
5.5.3 Classification of Soil and Rock from Drill Cuttings 

The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained.  However, some drilling methods (air/mud rotary) may require classification and borehole 



 Subject 
 
        BOREHOLE AND SAMPLE LOGGING 

Number 
 GH-1.5 

Page 
 20 of 20 

Revision 
 2 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

logging based on identifying drill cuttings removed from the borehole.  Such cuttings provide only general 
information on subsurface lithology.  Some procedures that shall be followed when logging cuttings are: 
 

• Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary drilling) to 
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future 
reference, and label the jar or bag (i.e. hole number, depth, date, etc.).  Cuttings shall be closely 
examined to determine general lithology. 

 

• Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 
 

• Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture 
locations or lithologic changes. 

 

• Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential 
fracture zones. 

 

• Record this and any other useful information onto the boring log as provided in Figure 1. 
 
This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process.  It is recommended that split-barrel and rock 
core sampling methods be used at selected boring locations during the field investigation to provide 
detailed information to supplement the less detailed data generated through borings drilled using air/mud 
rotary methods. 
 
5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewed.  Items to be reviewed include: 
 

• Checking for consistency of all logs. 

• Checking for conformance to the guideline. 

• Checking to see that all information is entered in their respective columns and spaces. 
 
6.0 REFERENCES 

Unified Soil Classification System (USCS). 
 
ASTM D2488, 1985. 
 
Earth Manual, U.S. Department of the Interior, 1974. 
 
7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 
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1.0 PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations.  Contact 
with underground or overhead utilities can have serious consequences including employee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users.  
 
The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface and overhead utility locating services.  
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees.  The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to present requirements and restrictions relevant to these types 
of activities.  This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 
 
2.0 SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities.  This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services.  This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement.  Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific 
project.  This SOP is not intended to provide a detailed description of methodology and instrument 
operation.  Specialized expertise during both planning and execution of several of the methods presented 
may also be required. 
 
3.0 GLOSSARY 

Electromagnetic Induction (EMI) Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 
 
Magnetometer – A device used for precise and sensitive measurements of magnetic fields.   
 
Magnetic Survey – A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects.   
 
Metal Detection – A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects.   
 
Vertical Gradiometer – A magnetometer equipped with two sensors that are vertically separated by a 
fixed distance.  It is best suited to map near surface features and is less susceptible to deep geologic 
features. 
 
Ground Penetrating Radar – Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter.  Some portion of the signal will be reflected 
from the subsurface material, which is then recorded with a receiver and electronically converted into a 
graphic picture. 
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4.0 RESPONSIBILITIES 

Project Manager (PM)/Task Order Manager (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 
 
Site Manager (SM)/Field Operations Leader (FOL) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPs or as otherwise directed by the approved 
project plan(s). 
 
Site Health & Safety Officer (SHSO) – Responsible to provide technical assistance and verify full 
compliance with this SOP.  The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PM/TOM. 
 
Health & Safety Manager (HSM) – Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 
 
Site Personnel – Responsible for performing their work activities in accordance with this SOP and the 
TtNUS Health and Safety Policy. 
 
5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services.  These procedures are 
addressed individually from a buried and overhead standpoint. 
 
5.1 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence and/or location is unknown or incorrectly known on 
client properties.  This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services.  In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 
 
Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PM/TOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 
 
1. A comprehensive review must be made of any available property maps, blue lines, or as-builts 

prior to site activities.  Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities.  
Information regarding utility locations shall be added to project maps upon completion of this 
exercise.  

 
2., A visual site inspection must be performed to compare the site plan information to actual field 

conditions.  Any findings must be documented and the site plan/maps revised.  The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities.  The site inspection should 
focus on locating surface indications of potential underground utilities.  Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions.  
Note the location of any emergency shut off switches.  Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PM/TOM.  

 
3. If the planned work is to be conducted on private property (e.g., military installations, 

manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel 
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements.  It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities.  

 
4. If the work location is on public property, the state agency that performs utility clearances must be 

notified (see Attachment 1).  State “one-call” services must be notified prior to commencing 
fieldwork per their requirements.  Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation.  Such services typically assign a "ticket" number to the 
particular site.  This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again.  The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame.  It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers.  Given this situation, “one call” systems may still be required to 
provide location services on military installations. 

 
5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 

accepted means.  The location of all utilities must be noted on a field sketch for future inclusion 
on project maps.  Utility locations are to be identified using the following industry-standard color 
code scheme, unless the property owner or utility locator service uses a different color code: 

 
 white excavation/subsurface investigation location 
 red electrical 
 yellow gas, oil, steam 
 orange telephone, communications 
 blue water, irrigation, slurry  
 green sewer, drain 

 
6. Where utility locations are not confirmed with a high degree of confidence through drawings, 

schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation.  In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools.  Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP.  Each 
method has advantages and disadvantages including complexity, applicability, and price.  It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

 
7. At each location where trenching or excavating will occur using a backhoe or other heavy 

equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass.  If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation.  

 
8. All utilities uncovered or undermined during excavation must be structurally supported to prevent 

potential damage.  Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM.  All repairs require that the line be 
locked-out/tagged-out prior to work.  
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5.2 Overhead Power Lines 

If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician.  If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 
 
The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 
 

Nominal Voltage Minimum Clearance 
0 -50 kV 10 feet, or one mast length; whichever is greater 

 
50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 

mast lengths; whichever is greater 
 
6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed.  The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 
 
6.1 Geophysical Methods 

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar.  
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and 
ground penetrating radar surveys can be found in one or more of the TtNUS SOPs included in the 
References (Section 8.0). 
 
Electromagnetic Induction 

Electromagnetic Induction (EMI) line locators operate either by locating a background signal or by 
locating a signal introduced into the utility line using a transmitter.  A utility line acts like a radio antenna, 
producing electrons, which can be picked up with a radiofrequency receiver.  Electrical current carrying 
conductors have a 60HZ signal associated with them.  This signal occurs in all power lines regardless of 
voltage.  Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which 
can be picked up with an EM receiver.  A typical example of this type of geophysical equipment is an EM-
61.    
 
EMI locators specifically designed for utility locating use a special signal that is either indirectly induced 
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp.  
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little 
chance of the resulting signals being interfered with.  A good example of this type of equipment is the 
Schonstedt® MAC-51B locator.  The MAC-51B performs inductively traced surveys, simple magnetic 
locating, and traced nonmetallic surveys.   
 
When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used.  
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the 
pipe. 
 



 Subject 
 

UTILITY LOCATING AND  
EXCAVATION CLEARANCE 

Number 
 HS-1.0 

Page 
 6 of 15 

Revision 
 3 

Effective Date 

 01/2012 

 
 

019611/P Tetra Tech 

 

Magnetics 

Magnetic locators operate by detecting the relative amounts of buried ferrous metal.  They are incapable 
of locating or identifying nonferrous utility lines but can be very useful for locating underground storage 
tanks (UST's), steel utility lines, and buried electrical lines.  A typical example of this type of equipment is 
the Schonstedt® GA-52Cx locator.  The GA-52Cx is capable of locating 4-inch steel pipe up to 8 feet 
deep. 
 
Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line.  A signal 
is then introduced to the snake that is then traced. 
 
Ground Penetrating Radar  

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the 
ground via a transmitter.  Some portion of the signal will be reflected from the subsurface material, which 
is then recorded with a receiver and electronically converted into a graphic picture.  In general, an object 
which is harder than the surrounding soil will reflect a stronger signal.  Utilities, tunnels, UST's, and 
footings will reflect a stronger signal than the surrounding soil.  Although this surface detection method 
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. 
gas, electrical vs. telephone); hence, verification may be necessary using other methods.  This method is 
somewhat limited when used in areas with clay soil types or with a high water table. 
 
6.2 Passive Detection Surveys  

Acoustic Surveys 

Acoustic location methods are generally most applicable to waterlines or gas lines.  A highly sensitive 
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds 
introduced into the water main using a transducer.  Acoustics may also be applicable to determine the 
location of plastic gas lines. 
 
Thermal Imaging  

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object. 
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or 
a monitor.  The operator does not look for an exact temperature; rather they look for heat anomalies 
(either elevated or suppressed temperatures) characteristic of a potential utility line.  
 
The thermal fingerprint of underground utilities results from differences in temperature between the 
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance.  In addition, 
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture 
content of underground utility trenches.  High-performance thermal imagery can detect temperature 
differences to hundredths of a degree. 
 
6.3 Intrusive Detection Surveys  

Vacuum Excavation  

Vacuum excavation is used to physically expose utility services.  The process involves removing the 
surface material over approximately a 1' x 1' area at the site location.  The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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debris.  This process ensures the integrity of the utility line during the excavation process, as no 
hammers, blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the 
risk of damage to utilities.  The process continues until the utility is uncovered. Vacuum excavation can be 
used at the proposed site location to excavate below the "utility window" which is usually 8 feet.  
 
Hand Excavation 

When the identification and location of underground utilities cannot be positively confirmed through 
document reviews and/or other methods, borings and excavations may be cleared via the use of non-
conductive hand tools.  This should always be done in conjunction with the use of detection equipment.  
This would be required for all locations where there is a potential to impact buried utilities.  The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site.  This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region.  Attachment 2 presents frost line depths for the regions of the 
contiguous United States.  At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs).  For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig 
auger or bit prior to drilling.  For soil gas surveys, the survey probe shall be placed as close as possible to 
the cleared hand excavation.  It is important to note that a post-hole digger must not be used in this type 
of hand excavation activity. 
 
Tile Probe Surveys 

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be 
used.  A tile probe is a “T”-handled rod of varying lengths that can be pushed into the soil to determine if 
any obstructions exist at that location.  Tile probes constructed of fiberglass or other nonconductive 
material are readily-available from numerous vendors.  Tile probes must be performed to the same depth 
requirements as previously specified.  As with other types of hand excavating activities, the use of a non-
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment. 
 
7.0 INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 
 
1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 

specified by the client or property owner. 
 

2. Notify the property owner and/or client that the locations are marked.  At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utility clearance.  

 
Note:  Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

 
3. Notify “One Call” service.  If possible, arrange for an appointment to show the One Call 

representative the surface locations or excavation boundaries in person.  This will provide a 
better location designation to the utilities they represent.  You should have additional drawings 
should you need to provide plot plans to the One Call service. 

 
4. Implement supplemental utility detection techniques as necessary and appropriate to conform 

utility locations or the absence thereof. 
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5. Complete Attachment 3, Utility Clearance Form.  This form should be completed for each 

excavation location.  In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form.  Upon completion, the Utility Clearance Form and 
revised/annotated utility location map becomes part of the project file. 

 
8.0 REFERENCES 

OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
Tt Utility Locating and Clearance Policy 
Tt SOP GH-3.1; Resistivity and Electromagnetic Induction 
Tt SOP GH-3.2; Magnetic and Metal Detection Surveys  
Tt SOP GH-3.4; Ground-penetrating Radar Surveys  
 



American Public Works Association 
2345 Grand Boulevard, Suite 500, Kansas City, MO 64108-2625 
Phone (816) 472-6100 • Fax (816) 472-1610 
Web vvww.apwa.net  • E-mail apwaigapwa.net  

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DIRECTORY 

Ala bama 
Alabama One-Call 
1-800-292-8525 

Alaska 
Locate Call Center of Alaska. Inc. 
1-800-478-3121 

Arizona 
Arizona Blue Stake 
1-800-782-5348 

Arkansas 
Arkansas One Call System, Inc 
1-800-482-8998 

California 
Underground Service Alen North 
1-800-227-2600 
Underground Service Alert of Southern 

California 
1-800-227-2600 

Colorado 
Utility Notification Center of Colorado 
1-800-922-1987 

Connecticut 
Call Before You Dig 
1-800-922-4455 

Delaware 
Miss Utility of Delmarva 
1-800-282-8555 

Florida 
Sunshine State 	 Florida,   One-Call of Inc 
1-800-432-4770 

Georgia 
Underground Protection Center, Inc. 
1-800-282-7411 

Hawaii 
Underground Service Alert North 
1-800-227-2600 

Idaho 
Dig Line Inc 
1-800-342-1585 
Kootenai County One-Call 
1-800-428-4950 
Shoshone - Benewah One-Call 
1-800-398-3285 

Illinois 
JULIE, Inc. 
1-800-892-0123 
Digger (Chicago Utility Alert Network) 
312-744-7000 

Indiana 
Indiana Underground Plant Protection 

Service 
1-800-382-5544 

Iowa 
Iowa One-Call 
1-800-292-8989 

Kansas 
Kansas One-Call System, Inc. 
1-800-344-7233 

Kentucky 
Kentucky Underground Protection Inc. 
1-800-752-6007 

Louisiana 
Louisiana One Call System, Inc. 
1-800-272-3320 

Maine 
Dig Safe System. Inc. 
1-888-344-7233 

Maryland 
Miss Utility 
1-800-257-7777 
Miss Utility of Delmarva 
1-800-282-8555 

Massachusetts 
Dig sate System, 
1-888.344-7233 

Michigan 
Miss Dig System, Inc. 
1-800-482-7171 

Minnesota 
Gopher State One Call 
1-800-252-1166 

Mississippi 
Mississippi One-Call System, Inc 
1-800-227-6477 

Missouri 
Missouri One-Call System, Inc. 
1-800-344-7483 

Montana 
Utilities Underground Protection Center 
1-800424-5555 
Montana One Call Center 
1-800-551-8344 

Nebraska 
Diggers Hotline of Nebraska 
1-800-331-5666 

Nevada 
Underground Service Alert North 
1-800-227-2600 

New Hampshire 
Dig Safe System, Inc. 
1-888-344-7233 

New Jersey 
New Jersey One Gall 
1-800-272-1000 

New Mexico 
New Mexico One Call System, Inc. 
1-800-321-2537 
Las Cruces- Dona Ana Blue Stakes 
1-888-528-0400 

New York 
Dig Safely New York 
1-800-962-7962 
New York City- Long Island One Call 

Center 
1-800-272-4480 

North Carolina 
The North Carolina One-Call Center, 

Inc. 
1-800-632-4949 

North Dakota 
North Dakota One-Call 
1-800-795-0555 

Ohio 
Ohio Utilities Protection Service 
1.800-362-2764 
Oil & Gas Producers Underground 

Protect'n Svc 
1-800-925-0988 

Oklahoma 
Call Okie 
1-800-522-6543 

Oregon 
Oregon Utility Notification Center/One 

Call Concepts 
1-800-332-2344 

Pennsylvania 
Pennsylvania One Call System, Inc, 
1-800-242-1770 

Rhode Island 
Dig Safe System, Inc. 
1-888-344-7233 

South Carolina 
Palmetto Utility Protection Service Inc 
1-888-721-7877 

South Dakota 
South Dakota One Call 
1-800-781-7474 

Tennessee 
Tennessee One-Call System Inc 
1-800-351-1111 
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Texas 
Texas One Call System 
1-800-245-4545 
Texas Excavation Safety System, Inc. 
1-800-344-8377 
Lone Star Notification Center 
1-800-669-8344 

Utah 
Blue Stakes of Utah 
1-800-662-4111 

Vermont 
Dig Safe System, Inc. 
1-888-344-7233 

Virginia 
Miss Utility of Virginia 
1.800-552-7001 
Miss Utility (Northern Virginia) 
1-800-257-7777 

Washington 
Utilities Underground Location Center 
1-800-424-5555 
Northwest Utility Notification Center 
1-800-553-4344 
Inland Empire Utility Coordinating 

Council 
509-456-8000 

West Virginia 
Miss Utility of West Virginia. Inc. 
1-800-245-4848 

Wisconsin 
Diggers Hotline, Inc. 
1-800-242-8511 

Wyoming 
Wyoming One-Call System. Inc. 
1-800-348-1030 
Call before You Dig of Wyoming 
1-800-849-2476 

District of Columbia 
Miss Utility 
1-800-257-7777 

Alberta 
Alberta One-Call Corporation 
1-800-242-3447 

British Columbia 
BC One Cal 
1-800-474-6886 

Ontario 
Ontano One-Call System 
1-800-400-2255 

Quebec 
Info-Excavation 
1-800-663-9228 
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FROST PENETRATION 

Average Depth In Inches 

Courtesy U.S. Department Of Commerce 
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FROST LINE PENETRATION DEPTHS BY GEOGRAPHIC LOCATION 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client:       Project Name:        

Project No.:      Completed By:        

Location Name:      Work Date:       

Excavation Method/Overhead Equipment:         

1. Underground Utilities        Circle One 

 a)  Review of existing maps?      yes   no   N/A 

b) Interview local personnel?      yes   no   N/A 

c) Site visit and inspection?      yes   no   N/A 

 d) Excavation areas marked in the field?     yes   no   N/A 

 e) Utilities located in the field?      yes   no   N/A 

f) Located utilities marked/added to site maps?    yes   no   N/A 

g) Client contact notified       yes   no   N/A 
 Name     Telephone:       Date:     

 g) State One-Call agency called?      yes   no   N/A 
  Caller:        
  Ticket Number:         Date:     

 h) Geophysical survey performed?        yes   no   N/A 
Survey performed by:      

  Method:         Date:     

i) Hand excavation performed (with concurrent use of utility  yes   no   N/A 
 detection device)? 
 Completed by:       

  Total depth:  feet       Date:    

j) Trench/excavation probed?       yes   no   N/A 
Probing completed by:      

  Depth/frequency:        Date:     

2. Overhead Utilities        Present  Absent 

 a) Determination of nominal voltage     yes   no   N/A 
 b) Marked on site maps       yes   no   N/A 
 c) Necessary to lockout/insulate/re-route     yes   no   N/A 
 d) Document procedures used to lockout/insulate/re-route   yes   no   N/A 
 e) Minimum acceptable clearance (SOP Section 5.2):     

3. Notes:  
_____________________________________________________________________________ 
_____________________________________________________________________________ 
_____________________________________________________________________________ 

 Approval: 
            
 Site Manager/Field Operations Leader   Date 

c:  PM/Project File 
 Program File 



Mr. Joseph Caldwell 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
211 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7, 2003, we responded to your inquiry of September 18, 2002, regarding the 
use of hydro-vacuum equipment to locate underground utilities by excavation, After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition, a number of industry 
stakeholders, including the National Utility Contractors Association (NUCA), have provided new 
information regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry, 

Question: Section 1926.651 contains several requirements that relate to the safety of employees 
engaged in excavation work. Specifically, paragraphs (b)(2) and (b)(3) relate in part to the 
safety of the means used to locate underground utility installations that, if damaged during an 
uncovering operation, could pose serious hazards to employees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines, and further, would the use of hydro-vacuum excavation be acceptable under the 
standard? 

Answer 

Background 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651(Specific excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (b)(2) states: 

When utility companies or owners cannot respond to a request to locate underground utility 
installations within 24 hours * * * or cannot establish the exact location of these installations, the 
employer may proceed, provided the employer does so with caution, and provided detection 
equipment or other acceptable means to locate utility installations are used. (emphasis added). 

Paragraph (b)(3) provides: 
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When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceptable means. (emphasis 
added). 

Therefore, "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe and 
acceptable means." The preambles to both the proposed rule and the final rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15, 1987), noted that a 1972 version of this standard contained language that 
specified "careful probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equally 
effective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities 
have not been marked and detection equipment is not being used — "probing with hand-held 
tools." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31, 1989): 

OSHA received two comments * * and input from ACCSH IOSHA's Advisory Committee on 
Construction Safety and Health] * * on this provision. All commenters recommended dropping 
`such as probing with hand-held tools' from the proposed provision, because this could create a 
hazard to employees by damaging the installation or its insulation. 

In other words, the commenters objected to the use of hand tools being used unless detection 
equipment was used in conjunction with them. OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Non-conductive hand tools are permitted 

This raises the question of whether the standard permits the use of hand tools alone -- without 
also using detection equipment. NUCA and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non-
conductive or insulated probes were not discussed in the rulemaldng Since they were not 
considered at that time, they were not part of the class of equipment that was thought to be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand tools, when used with 
appropriate caution, is an "acceptable means" for locating underground utilities. 
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Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
"acceptable means" of locating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies 

We are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions, please feel free to contact us again by fax at: U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of Construction Standards and Compliance Assistance, fax # 
202-693-1689. You can also contact us by mail at the above office, Room N3468, 200 
Constitution Avenue, N.W., Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 

NOTE: OSHA requirements are set by statute, standards and regulations. Our interpretation 
letters explain these requirements and how they apply to particular circumstances, but they 
cannot create additional employer obligations. This letter constitutes OSHA=s interpretation 
of the requirements discussed. Note that our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
information. To keep apprised of such developments, you can consult OSHA's website at 
http://www.osha.gov. 
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1.0 PURPOSE 

This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing (slug 
testing) in boreholes and monitoring wells, and provide a short description of commonly used evaluation 
techniques for the data generated.  Slug tests are used to provide data regarding the hydraulic properties 
of the formation tested.  A variation of the slug test, called a constant-head test, is also briefly described. 
 
2.0 SCOPE 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring.  These 
tests are much less accurate than pumping tests, as a much more localized area is involved.  Therefore, 
a number of slug tests are typically performed and averaged to determine a representative hydraulic 
conductivity value for the formation tested.  Performance of slug tests may be preferable to pumping tests 
in situations where handling of large volumes of contaminated water is a concern or when time/budget 
constraints preclude the more expensive and time-consuming setup and performance of a pumping test. 
 
Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests 
with regard to the quality of data obtained and time/cost considerations.  A disadvantage of constant-head 
tests is that a significant volume of water may be added to high-permeability formations, potentially 
affecting short-term water quality. 
 
3.0 GLOSSARY 

Hydraulic Conductivity (K) - A quantitative measure of the ability of a porous material to transmit water, 
defined as the volume of water that will flow through a unit cross-sectional area of porous material per 
unit time under a head gradient of 1.  Hydraulic conductivity is dependent upon properties of the medium 
and fluid.  Common units of expression include centimeters per second (cm/sec), feet per day (ft/day), 
and gallons per day per foot

2
 (gpd/ft

2
). 

 
Transmissivity (T) - A quantitative measure of the ability of an aquifer to transmit water.  The product of 
the hydraulic conductivity times the saturated thickness. 
 
Slug Test - A rising head or falling head test used to measure hydraulic conductivity.  A slug test consists 
of instantaneously changing the water level within a well and measuring the rate of recovery of the water 
level to equilibrium conditions.  Slug tests are performed by either withdrawing a slug of water (rising 
head test) or adding a slug of water (falling head test), then measuring recovery over time.  A solid slug of 
known volume can be used to displace a volume of water, thereby simulating the addition or removal of 
water.   
 
4.0 RESPONSIBILITIES 

Project Hydrogeologist - The project hydrogeologist, in conjunction with the Project Manager, shall 
evaluate the type(s) and extent of hydraulic testing required for a given project during the planning 
process, and design the field program accordingly.  The project hydrogeologist also shall ensure that field 
personnel have the necessary training and guidance to properly perform the tests, and shall oversee data 
reduction activities, including selecting the appropriate evaluation techniques and checking calculations 
for accuracy. 
 
Field Geologist - The field geologist is responsible for performing the planned field tests as specified in 
the project planning documents, (or approved modifications thereto).  The field geologist also generally 
assists in the data evaluation process.  The field geologist shall be knowledgeable in the testing 
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methodologies used and is responsible for obtaining the necessary support equipment required to 
perform the field tests.  All applicable data regarding testing procedures, equipment used, well 
construction, and geologic/hydrogeologic conditions shall be recorded by the field geologist.  The field 
geologist shall be familiar enough with testing procedures/requirements to be able to recommend 
changes in methodology, should unanticipated field conditions be encountered. 
 
5.0 PROCEDURES 

5.1 In-situ Hydraulic Conductivity Testing in Wells 

Slug tests are commonly performed in completed wells.  Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results.  Once the water level within the 
well has stabilized at its static level, it shall be quickly raised or lowered and the rate of recovery 
measured.   
 
One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially.  Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well.  A rise in water levels can be induced by pouring water into the well.  A solid 
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent 
volume of water and raise the water level within the well.  The slug can be left in place until the water 
level restabilizes at the static water level, then suddenly removed to create a drop in water level within the 
well.  An advantage of using a solid cylinder of known volume (slug) to change the water level is that no 
water is removed or added to the monitoring well.  This eliminates the need to dispose of contaminated 
water and/or add water to the system.  A bailer or pump can be used to withdraw water from the well.  If a 
pump is used, pumping shall not continue for more than several seconds so that a cone of depression is 
not created which would adversely impact testing results.  The pump hose shall also be removed from the 
well during the recovery period, as data analysis techniques involve volume of recovery versus time, and 
leaving the hose within the well would distort the calculated testing results by altering the apparent 
volume of recovery.  Falling head slug tests should only be performed in wells with fully submerged 
screens, while rising head slug tests can be performed in wells with either partially or fully submerged 
screens/open intervals. 
 
Other methods that can be used to change water levels within a well include creating a vacuum or a high 
pressure environment within the well.  The vacuum method will raise water levels within the well, while the 
pressure method will depress the water level in the well.  These methods are particularly useful in highly 
permeable formations where other methods are ineffective in creating measurable changes in water 
levels.  Both of these methods are limited to wells which have completely submerged screens.   
 
Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until 
water level recovery exceeds 90 percent of the initial change in water level.  In low permeability 
formations, the test may be cut-off short of 90 percent recovery due to time constraints.  Time intervals 
between water level readings will vary according to the rate of recovery of the well.  For a moderately fast 
recovering well, water level readings at 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 4.0, . . . 
minutes may be required.  With practice, readings at down to 0.05-minute (3 seconds) time intervals can 
be obtained with reasonable accuracy, using a pressure transducer and hand held readout.  For wells 
which recover very fast, a pressure transducer and data logger may be required to obtain representative 
data.  Time intervals between measurements can be extended for slow recovering wells.  A typical 
schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 
6.0, 8.0, 10.0, 15.0, 20.0, 30.0, . . . minutes from the beginning the test.  Measurements shall be taken 
from the top of the well casing.   
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Water level measurements can be obtained using an electric water level indicator, popper, or pressure 
transducer.  Steel tape coated with chalk or water sensitive paste although very accurate, is a slower 
method of obtaining water levels and is generally not recommended for use due to the frequency at which 
water level measurements need to be obtained during the performance of a slug test. 
 
Time/recovery should be field-plotted on semilog graph paper to determine the data quality.  The data set 
should plot along a sloped, straight line.  If excessive data scatter is observed, the test should be rerun 
until acceptable results are obtained. 
 
The following data shall be recorded when performing slug tests in wells or borings: 
 

• Well/boring ID number 

• Total depth of well/boring 

• Screened/open interval depth and length 

• Gravel pack interval depth and length 

• Well stickup above ground surface 

• Gravel pack radius 

• Static water level 

• Aquifer thickness 

• Depth to confining layer 

• Time/recovery data 
 
A variation of the slug test, called a constant-head test, is a test in which water is added to the well at a 
measured rate sufficient to maintain the water level in the well at a constant height above the static water 
level.  Once a stable elevated water level has been achieved, discharge (pumping) rate measurements 
are recorded in place of time/recovery data for approximately 10 to 20 minutes.  The hydraulic 
conductivity is then calculated from this information.  The constant-head test is generally not 
recommended for monitoring wells as large volumes of water may be introduced into the screened 
formation, potentially impacting later sampling events. 
 
5.2 In-situ Hydraulic Conductivity Testing in Borings 

Slug tests can be performed in borings while the boring is being advanced.  This permits testing of 
formations at different depths throughout the drilling process.  Boreholes to be tested shall be drilled 
using casing, so that discrete depths may be investigated.  Various tests and testing methods are 
described below.  The most appropriate test and testing method to be used in a situation varies and shall 
be selected after a careful evaluation of drilling, geologic, and general site conditions. 
 
Rising head or falling head slug tests can be performed in saturated and unsaturated formations during 
drilling.  There are two ways that the tests can be performed.  One way entails setting the casing flush 
with the bottom of the boring when the desired testing depth has been reached.  The hole is then cleaned 
out to remove loose materials, the drill bit and rods are carefully withdrawn from the boring, and a few feet 
of sand (of higher permeability than the surrounding formation) is added to the bottom of the boring.  After 
the water level in the boring has stabilized (for saturated formations), the static water level is measured 
and recorded.  The water level is then raised (falling head test) or lowered (rising head test) and the 
change in water level is measured at time intervals determined by the field hydrogeologist.  Only falling 
head tests can be performed for depth intervals within the unsaturated (vadose) zone.  As described for 
wells, time intervals for water level measurements will vary according to the formation's hydraulic 
conductivity.  The faster the rate of recovery expected, the shorter the time intervals between 
measurements shall be.  The rate of change of water level will be used to calculate hydraulic conductivity.  
The test is to be conducted until the water level again stabilizes, or for a minimum of 20 minutes.  In low 
permeability formations, it is not always practical to run the test until the water level stabilizes, as it may 
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take a long time to do so.  The top of the casing shall be used as the reference point for all water level 
measurements. 
 
The second method for conducting a slug test during drilling consists of placing a temporary well with a 
short screen into the cleaned-out boring, pulling the drilling casing back to expose the screen, allowing 
the formation to collapse around the screen (or placing a sand/gravel pack around the screen), and 
performing the appropriate hydraulic conductivity test in the well, as described for the first method.  Again, 
the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes.  This method 
allows for testing a larger section of the formation and results in more reliable hydraulic conductivity 
estimates. 
 
Constant-head tests may also be performed in borings.  As described for monitoring wells, once a stable 
elevated level has been achieved, the discharge rate into the boring is measured for a period of time, 
usually 10 to 20 minutes, and the hydraulic conductivity is calculated from this.  This method is the most 
accurate method depicted in this section, and shall be given preference over others if the materials are 
available to perform the test and the addition of water to the boring does not adversely impact project 
objectives.  Once the test is over, additional information can be gathered by measuring the rate of the 
drop in water level in the boring (for saturated formations).  A limitation of the constant-head test is that 
foreign water is introduced into the formation which must be removed from the well area by natural or 
artificial means, before a representative groundwater sample can be obtained. 
 
Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and subsequent 
data analysis techniques are provided in Ground Water Manual (1981). 
 
5.3 Data Analysis 

There are a number of data analysis methods available to reduce and evaluate slug testing data.  The 
determination of which method is most appropriate shall be made based on the testing conditions 
(including physical setup of the well/boring tested, hydrogeologic conditions, and testing methodology) 
and the limitations of each test analysis method.  Well construction details, aquifer type (confined or 
unconfined), and screened/open interval (fully or partially penetrating the aquifer) shall be taken into 
account in selecting an analysis method.  Cooper, et al. (1967), and Papadapulos, et al. (1973) have 
developed test interpretation procedures for fully penetrating wells in confined aquifers.  Hvorslev (1951) 
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium.  
In Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety of 
hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations.  Bouwer and 
Rice (1976) developed an analytical technique applicable to both unconfined and confined conditions, 
which factors in partial/full penetration and discusses well screen gravel pack considerations.  The 
Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells and 
borings open above or below the water table, and for both falling head and constant-head tests.  The 
methods described above do not represent a complete listing of test analysis methods available, but are 
some of the more commonly used and accepted methods.  Other methods can be used, at the discretion 
of the project hydrogeologist and in concurrence with the Project Manager and client. 
 
One consideration to be noted during data analysis is the determination of the screened/open interval of a 
tested well.  If a well with a fully submerged screen is installed in a relatively low permeability formation, 
and a gravel pack which is significantly more permeable is installed around the screen, the length of the 
gravel pack (if longer than the screened interval) should be used as the screened/open length, rather than 
the screen length itself.  In situations where the formation permeability is judged to be comparable to the 
gravel pack permeability (within about an order of magnitude) this adjustment is not required. 
 
All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures.  Upon approval of the calculations and results, the 
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calculation sheets shall be initialed and dated by the reviewer.  Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project central file. 
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Denver, Colorado. 
 
7.0 RECORDS 

Field data shall be recorded on the data sheet included as Attachment A (or equivalent). 1  Any notes 
regarding testing procedures, problems encountered, and general observations not included on the data 
sheet shall be noted in the bound site logbook or field notebook.  The boring log and well construction 
diagrams for each well/boring tested shall be used as references during testing and data analysis 
activities.  Original data sheets shall be placed in the project file, along with the logbook/notebook. 

                                            
      1 If an automated data recorder is used, the data may be displayed using the printer output from the unit.  Such 

printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A.  
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1.0 PURPOSE 

This standard operating procedure (SOP) describes the process for developing contour maps and the 
approaches used to identify and quantify the direction and rate of groundwater flow and contaminant 
plume movement. 
 
2.0 SCOPE 

This document provides only a general overview of the field techniques, mathematical and physical 
relationships, and data handling procedures used for determining groundwater flow direction and rate.  
The references identified herein can provide a more complete explanation of particular methods and a 
more comprehensive discussion on the interpretation of hydrogeologic data. 
 
3.0 GLOSSARY 

Aquifer - A geologic formation capable of transmitting usable quantities of groundwater to a well or other 
discharge point. 
 
Aquitard - A geologic formation that retards the flow of groundwater due to its low permeability. 
 
Confined Aquifer - An aquifer that is overlain and underlain by zones of lower permeability (aquitards).  If 
the aquifer is "artesian," the potentiometric head of the aquifer at a given point is higher than the top of 
the zone comprising the aquifer at that point. 
 
Equipotential Line - A line connecting points of equal elevation of the water table or potentiometric 
surface.  Equipotential lines on the water table are also called water table contour lines. 
 
Flow Line - A flow line indicates the direction of groundwater movement within the saturated zone.  Flow 
lines are drawn perpendicular to equipotential lines. 
 
Flow Net - A diagram of groundwater flow showing flow lines and equipotential lines. 
 
Hydraulic Conductivity (K) - A quantitative measure of the ability of porous material to transmit water.  
This is defined mathematically as the volume of water that will flow through a unit cross-sectional area of 
porous material per unit time under a head pressure gradient.  Hydraulic conductivity is dependent on 
properties of the medium and fluid. 
 
Hydraulic Gradient (i) - The rate of change of hydraulic head per unit distance of flow at a given point and 
in the downgradient direction. 
 
Hydraulic Head - The height to which water will rise inside a well casing; equal to the elevation head plus 
the pressure head.  In a well screened across the water table, hydraulic head equals the elevation head 
because the pressure head equals zero.  In wells screened below the water table in an unconfined 
aquifer or screened at any interval within a confined aquifer, the head is the sum of the elevation of the 
aquifer (elevation head) and the fluid pressure of the water confined in the aquifer (pressure head). 
 
North American Vertical Datum of 1988 (NAVD 88) - A common vertical control datum established in 
1991 by the minimum-constraint adjustment of the Canadian-Mexican-U.S. leveling observations.  It held 
fixed the height of the primary tidal benchmark, referenced to the new International Great Lakes Datum of 
1985 local mean sea level height value, at Father Point/Rimouski, Quebec, Canada.  Additional tidal 
benchmark elevations were not used due to the demonstrated variations in sea surface topography, i.e., 
the fact that mean sea level is not the same equipotential surface at all tidal benchmarks (Results of the 



 Subject 
 

GROUNDWATER CONTOUR MAPS AND 
FLOW DETERMINATIONS 

Number 
 GH-2.5 

Page 
 3 of 10 

Revision 
 2 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

General Adjustment of the North American Datum of 1988, Surveying and Land Information Systems Vol. 
52, No. 3, 1992 pp. 133-149). 
 
Potentiometric (Piezometric) Surface - A hypothetical surface that coincides with the static level of the 
water in an aquifer (i.e., the maximum elevation to which water will rise in a well or piezometer penetrating 
the aquifer).  The term "potentiometric surface" is usually applied to confined aquifers, although the water 
table is the potentiometric surface of an unconfined aquifer. 
 
Unconfined Aquifer - An aquifer in which the water table forms the upper boundary. 
 
Water Table - The surface in the groundwater system at which the fluid pressure is equal to atmospheric 
pressure (i.e., the net pressure head is zero) and below which all geologic strata are saturated with water. 
 
4.0 RESPONSIBILITIES AND PERSONNAL REQUIREMENTS 

Project Hydrogeologist - The project hydrogeologist has overall responsibility for obtaining water level 
measurements and developing groundwater contour maps.  The hydrogeologist (with the concurrence of 
the Project Manager) will specify the reference point from which water levels are measured (usually a 
specific point on the upper edge of the inner well casing), the number of data points needed and which 
wells will be used for a contour map, and how many complete sets of water levels are required to 
adequately define groundwater flow directions (e.g., if there are seasonal variations). 
 
Field Personnel - All supporting field personnel must have a basic familiarity with the equipment and 
procedures involved in obtaining water levels and must be aware of any project-specific requirements. 
 
General personnel qualifications for contour map preparation include the following: 
 

• Technical background in geosciences 
 

• Familiarity with reading and interpreting boring logs and other geologic and hydrogeologic information 
 
5.0 PROCEDURES 

5.1 Potentiometric Surface Mapping 

Construction of a potentiometric surface map includes the following general steps: 
 

• Selecting wells 

• Obtaining water level measurements and calculating groundwater elevations 

• Constructing equipotential lines 

• Determining groundwater flow direction(s) 
 
Selecting Wells: 
 

• All wells used to construct a single potentiometric map must represent the same hydrogeologic unit.  
The recorded water levels, monitoring well construction data, site geology, and topographic setting 
must be reviewed to ascertain that the wells are completed in the same hydrogeologic unit and to 
determine whether strong vertical hydraulic gradients may be present.  Strong vertical hydraulic 
gradients will be manifested by a pronounced correlation between well depth and water level or by 
differences in water levels between two wells located near each other but having different screened 
intervals or screen lengths.  Professional judgment of the hydrogeologist is important in this 
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determination.  If vertical gradients are significant, the data to be used must be limited vertically, and 
only wells finished in a chosen vertical zone of the hydrogeologic unit can be used. 

 

• At least three wells must be used to provide an estimation of the direction of groundwater flow, and 
the three wells should be distributed across the site in a configuration other than a straight line.  
Information from many more than three wells is generally needed to provide an accurate contour 
map.  In general, shallow systems require data from more wells than deep systems for accurate 
contour mapping.   

 

• Accurate and useful potentiometric surface maps for shallow flow systems require water level 
measurements from nearby surface water bodies, especially at sites where groundwater/surface 
water interactions are, or may be, important.  Acquisition of these measurements should be 
incorporated into the field investigation planning process. 

 
Obtaining Water Level Measurements and Calculating Groundwater Elevations 
 
After selecting wells, the next step is to obtain water level measurements from the selected points.  In 
addition, measurements from any other readily available wells/surface water bodies should be collected 
to ensure that sufficient data are available for interpretation purposes.  To calculate groundwater 
elevations from water level measurements, survey data for all monitoring wells must be available and 
referenced to the same vertical datum.  In addition, elevations of points and areas of groundwater 
discharge or recharge such as springs, seeps, streams, rivers, and lakes need to be determined, typically 
through staff gauge measurements.   
 

REMINDER: 
 

All water level measurements to be used to generate potentiometric surface maps 
must be collected on the same day, preferably within 2 to 3 hours.  This is especially 
important when working in an area where groundwater levels are tidally influenced or 

influenced by pumping. 
 

 
Calculate groundwater elevations using water level measurements and elevation (survey) data as follows: 
 

• Compile measurements of depth to water in the wells and surface water points to be used for 
mapping.  Water level measurements in monitoring wells or piezometers are generally taken from the 
tops of the well casings (see SOP GH-1.2).  It is important that the measurement points at all wells 
are documented (e.g., location of notch at top of PVC casing) so that the points at which 
measurements are taken can be surveyed.  The procedure for surface water depth-to-water 
measurements depends on the location and nature of the point being used.  For example, if a surface 
water measurement is required in an area with an accessible permanent feature that can be used for 
reference (e.g., a bridge), a measurement can be taken from a fixed point on the bridge, and the 
elevation of that point can later be surveyed. 

 

• Compile surveyed elevations for the wells and surface water points, making sure that all elevations 
are referenced to the same vertical datum.  If the difference in elevations across a site appears to be 
greater that the total change in elevation across the site, recheck the vertical datum.  The North 
American Vertical Datum of 1988 (NAVD 88) is a common vertical datum, but site-specific datums are 
also used.   

 

• Subtract the depth-to-water measurement at each well (generally in feet below top of casing) from the 
corresponding top-of-casing elevation (generally in feet above mean sea level referenced to NAVD 
88) to calculate the groundwater (potentiometric surface) elevation at each well.  For surface water 
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elevations, subtract the depth-to-water measurement to the surface water body from the elevation of 
the reference point at which the measurement was taken. 

Constructing Equipotential Lines: 
 

• Plot water level elevations on a site map.  Other hydrogeologic features associated with the zone of 
interest, such as seeps, wetlands, and surface water bodies, should also be plotted along with their 
elevations. 

 

• Contour the data using mathematically valid and generally accepted techniques.  Linear interpolation 
is the most commonly used technique.  However, quadratic interpolation or any technique of trend-
surface analysis or data smoothing is acceptable.  Computer-generated contour maps may be useful 
for rough mapping of large data sets; however, final detailed mapping must always be performed by 
hand by an experienced hydrogeologist.  Draw all contours as smooth, continuous lines that never 
cross one another. 

 

• Inspect the contour map, noting known features such as pumping wells and site topography, and 
adjust the contour lines using professional judgment in accordance with these features.  Closed 
contours should be avoided unless a known groundwater sink (i.e., pumping well) or mound exists.  
Groundwater mounding is common under landfills and lagoons; if the data imply this, the feature must 
be evident in the contour plot. 

 

• If the hydrogeologic system consists of a water table aquifer and one or more confined aquifers, 
prepare separate contour maps for each aquifer system.  Develop water table maps using water level 
measurements from monitoring wells screened at the unsaturated-saturated interface.  Contour water 
level measurements from monitoring wells screened in deeper portions of an unconfined aquifer as a 
separate potentiometric surface map(s).  Contour surface water discharge or recharge features in the 
water table system.   

 

• If constructing a vertical flow net, use a cross section aligned parallel to the direction of groundwater 
flow, and plot all water level measurements along this cross section, both deep and shallow, to 
develop equipotential lines and flow lines. 

 
Determining Groundwater Flow Direction: 
 

• Draw flow lines so that they are perpendicular to equipotential lines.  Flow lines will begin at high 
head elevations and end at low head elevations.  Closed highs will be the source of additional flow 
lines.  Closed depressions (i.e., pumping wells) will be the termination of some flow lines.  Care must 
be used in areas with significant vertical gradients to avoid erroneous conclusions concerning 
gradients and flow directions. 

 

• Include a flow arrow(s) drawn perpendicular to the direction(s) of flow on each potentiometric surface 
contour map.  The number of arrows required depends on the complexity of the flow system, but only 
major changes should have separate arrows.  Again, professional judgment is required. 

 
 

REMINDER: 
 

Have the completed cross section reviewed by another member of the geosciences 
group or another qualified person with similar experience. 
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5.2 Groundwater Flow Considerations 

Groundwater movement is an integral part of the hydrologic cycle.  Recharge to the shallow groundwater 
environment generally occurs by infiltration of precipitation through an upper unsaturated soil zone.  
Movement is downward under the force of gravity until the water reaches the saturated zone of the water 
table aquifer.  After water has become part of the water table aquifer, movement is controlled by 
differences in hydraulic head, with movement from areas of high head to areas of low head.  Areas of low 
head include natural discharge areas such as springs, lakes, rivers, and, ultimately, oceans.  These 
features can be considered as outcrops of the water table.  Points of low head also are created by 
pumping wells. 
 
Local head differences and consequent vertical flow patterns within an aquifer can be detected by well 
clusters.  A well cluster consists of several adjacent wells, generally installed within a few feet of each 
other, and screened at different depths.  Variations in water levels in these closely spaced wells indicate 
the vertical component of groundwater flow within an aquifer, provided that the wells are all screened 
within the same aquifer. 
 
The number, location, and extent of geologic units and their properties with regard to aquifer or aquitard 
characteristics must be understood to properly interpret water level data gathered from the monitoring 
system.  This firm understanding of the hydrogeologic system must be developed through a program of 
borings, wells, and interpretation of subsurface geology.  The adequacy of the positions and depths of 
borings/wells used to define relevant subsurface hydrogeologic conditions must also be assessed.  The 
location of surface water discharge or recharge points must be considered.  Surface water features 
influence the system because flow is most likely toward them (if they are discharge points) or away from 
them (if they are recharge points).  Man-made discharge or recharge features such as pumping or 
injection wells, ditches, and trenches can also affect the flow of groundwater. 
 
5.3 Determination of Flow Rate 

Darcy's Law states that the quantity of water flowing through a geologic material is dependent on the 
permeability of the material, hydraulic gradient, and cross-sectional area through which the water flows.  
This relation is expressed in the equation: 
 

Q   =   KiA 
 
 where: 
 
 Q = volume of water flowing through the cross sectional area of the formation (L

3
/T)  

K = hydraulic conductivity (L/T) 
 i = hydraulic gradient (L/L, i.e., dimensionless) 
 A = cross sectional area of formation being considered (L

2
) 

 
The relation is similar to one used in stream flow measurements where: 
 

Q   =   VA 
 
 where: 
 
 Q = discharge from the cross sectional area of a stream or pipe (L

3
/T) 

 V = average velocity of flowing water (L/T) 
 A = cross sectional area through which water flows (L

2
) 
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To determine the velocity of water movement in a geologic formation, which depends on the specific 
formation properties and the head differences across the formation, use the following equation: 
 

n

Ki
  =  V  

 where: 
 
 V = average linear velocity of groundwater through the formation (L/T) 
 K = hydraulic conductivity (L/T) 
 i = hydraulic gradient (dimensionless) 
 n = porosity (expressed as a fraction) 
 
Hydraulic conductivity, K, can be determined using slug tests (see SOP GH-2.4) packer tests (see SOP 
GH-2.2), pumping tests (see SOP GH-2.3), or geotechnical laboratory analysis of undisturbed soil 
samples (see SOP SA-1.3).  Hydraulic conductivity is related to the permeability of the formation and 
depends on the size and interconnection of the pore spaces.  In isotropic and homogeneous formations, 
the hydraulic conductivity will be the same vertically and horizontally.  In anisotropic formations, horizontal 
and vertical conductivity can be markedly different, and the vertical hydraulic conductivity can be up to 
several orders of magnitude lower than the horizontal hydraulic conductivity.  Typically, most formations 
are anisotropic with horizontal hydraulic conductivities at least several times greater than vertical 
hydraulic conductivities.  Generally, hydraulic conductivities are high for sands, gravels, and limestone 
containing large solution cavities and low for silts, clays, and tightly fractured rock (see Attachment A).   
 
Values of porosity, n, for several geologic materials are provided in Attachment A.  More accurate and 
specific values of porosity can be obtained by laboratory analysis of site-specific formation samples or 
evaluation of unconfined aquifer pumping test results.  Results from field testing usually provide greater 
(and more representative) hydraulic conductivities than laboratory testing because full-scale field testing 
includes the effects of the formational macrostructure (i.e., secondary permeability due to jointing or 
fractures), which is not reflected in the testing of a small sample in the laboratory. 
 
Hydraulic gradient, i, is defined as the rate of change in hydraulic head (dh) per unit distance of flow (dl) 
determined from field measurements of hydraulic head, as follows: 
 

• Using the potentiometric surface map generated as described above, measure the horizontal 
distance (generally in feet) between two equipotential lines (dl) that represent a significant portion of 
the site.  If equipotential lines are spaced significantly differently in different areas of the site (e.g., 
closely spaced in the northern portion and widely separated in the southern portion), consider 
calculating separate gradients for the different sections of the site in addition to a site-wide gradient. 
The longer the distance over which the head change is measured, the more representative the 
gradient is of overall conditions.  However, averaging gradients across large areas may not 
accurately represent the distribution of different gradients across the area. 

 

• Do not measure from well to well; measure across equipotential lines that are drawn based on well 
(and other) hydraulic head data.   

 

• Determine the change in head (dh) (generally in feet and in [or converted to] the same units as dl) 
between the equipotential lines described above (i.e, the difference in elevation between the lines).  
For example, if lines used in the horizontal distance measurement above represented 100 and 105 
feet above mean sea level, the dh would be: 105 feet -100 feet =  5 feet.  

 

• Using the values of dl and dh (in the same units) as determined above, calculate the hydraulic 
gradient by dividing the change in head by the length of the flow line using the following formula: 
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dl

dh
  =  i  

 where: 
 
 dh = change in head (L) 
 dl = distance between equipotential lines (L) 

• Because the distance and head differences (change in head) are in the same units, hydraulic 
gradients are dimensionless. 

 
When chemical solutes are traveling in groundwater, as in cases of groundwater contamination, the 
calculated groundwater velocity may predict migration rates in excess of those actually observed.  The 
difference in chemical versus water velocities may be due to attenuation or biodegradation of the 
chemical species in the aquifer.  Attenuation is most often caused by adsorption of the chemical 
contaminant onto the formation grains or matrix.  The result is that the chemical does not appear at the 
downgradient sampling point as quickly as the velocity calculation predicts.  An equation to correct for this 
attenuation is: 
 

( ) /nPK + 1 /V  =  V bdwc  

 where: 
 
 Vc = velocity of the chemical solute flow (L/T) 
 Vw = velocity of groundwater flow (L/T) 
 Pb = formation mass bulk density (M/L

3
) 

 n = formation porosity (expressed as a fraction) 
 Kd = distribution coefficient = (L

3
/M) 

 
The Kd is equal to the mass of solute per unit mass of solid phase divided by the concentration of solute 
in a solution that is in equilibrium with the solid phase.  The term in the denominator is known as the 
retardation factor. 
 
Density and/or viscosity differences between water and contaminants can also cause velocity 
determination errors.  Light hydrocarbons such as gasoline are less dense than water and consequently 
float on the water table.  These contaminants can migrate along the water table surface at rates faster or 
slower than the rate of groundwater movement, depending on specific conditions, and may also volatilize 
into unsaturated soil pore spaces.  Oils are more viscous than water and will typically migrate more slowly 
due to the viscosity difference.  Contaminants denser than water such as heavy hydrocarbons (e.g., coal 
tar) or chlorinated compounds (e.g., TCE, PCE) tend to sink to the bottom of an aquifer if present in 
concentrations exceeding their solubility limit (these chemicals are often referred to as dense, 
nonaqueous phase liquids, or DNAPLs if present as a separate-phase liquid).  Here, the contamination 
may move at faster or slower rates than the overlying groundwater or may actually move in a direction 
opposite to that of the groundwater, depending on the geologic characteristics of the aquifer base and 
direction of dip of the underlying aquitard. 
 
Other factors involving the physicochemical interaction between the chemical and the groundwater, such 
as dilution (mixing contaminated water or chemicals with additional quantities of groundwater) and 
dispersion (molecular diffusion of the chemical throughout the groundwater regime), can also affect the 
observed rates of travel of contaminants in groundwater.  In addition to such physicochemical 
characteristics, all of the aquifer and aquitard properties and groundwater flow characteristics described 
above must be known so that adequate and accurate estimations of the extent and rate of groundwater 
contaminant migration can be developed. 
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ATTACHMENT A 
 

GENERALIZED POROSITY AND HYDRAULIC CONDUCTIVITY 
VALUES FOR GEOLOGIC MATERIALS 

 

Material 

Porosity 
Range 

(%) 

Hydraulic Conductivity Range 

cm/sec ft/day 

Gravel 30-40 10
-1

 to 10
-2

 280 to 2.8 x 10
5
 

Coarse sand (clean) 30-40 10
-1

 to 1 280 to 2,800 

Medium sand (clean) 35-45 10
-2

 to 10
-1

 28 to 280 

Fine sand (clean) 40-50 5 x 10
-4

 to 10
-

2
 

1.4 to 28 

Silty sand 25-40 10
-5

 to 10
-2

 0.03 to 280 

Glacial Till Variable 10
-10

 to 10
-4

 3 x 10
-7

 to 0.3 

Unweathered Clay/Shale 45-55 (clay) 

10
-7

 to 10
-4

 3 x 10
-4

 to 0.3 
(horizontal) 

10
-10

 to 10
-6

 3 x 10
-7

 to 3 x 10
-3

 
(vertical) 

Karst Limestone --- 10
-4

 to 10
-1

 0.3 to 2,800 

Fractured 
Igneous/Metamorphic Rocks 

--- 10
-6

 to 10
-1

 3 x 10
-3

 to 280 

Sandstone 5-30 10
-8

 to 10
-4

 3 x 10
-5

 to 0.3 

 
Sources:  Cedergren, 1977 and Fetter, 1980.  
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1.0 PURPOSE 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 
 
2.0 SCOPE 

This procedure is applicable to the construction of monitoring wells.  The methods described herein may 
be modified by project-specific requirements for monitoring well construction.  In addition, many regulatory 
agencies have specific regulations pertaining to monitoring well construction and permitting.  These 
requirements must be determined during the project planning phases of the investigation, and any 
required permits must be obtained before field work begins.  Innovative monitoring well installation 
techniques, which typically are not used, will be discussed only generally in this procedure. 
 
3.0 GLOSSARY 

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a 
groundwater level and groundwater sample representative of the zone being monitored.  Some 
monitoring wells may be constructed as open boreholes. 
 
Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations.  Piezometers may 
range in size from 1/2-inch-diameter plastic tubes to well points or monitoring wells. 
 
Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to 
the screened aquifer. 
 
Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with 
a sledge hammer, drop weight, or mechanical vibrator.  Well points may be used for groundwater 
injection and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples 
for water quality data. 
 
4.0 RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 
experienced and efficient labor force capable of performing all phases of proper monitoring well 
installation and construction.  The driller may also be responsible for obtaining, in advance, any required 
permits for monitoring well installation and construction. 
 
Field Geologist - The field geologist supervises and documents well installation and construction 
performed by the driller, and insures that well construction is adequate to provide representative 
groundwater data from the monitored interval.  Geotechnical engineers, field technicians, or other suitable 
trained personnel may also serve in this capacity. 
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5.0 PROCEDURES 

5.1 Equipment/Items Needed 

Below is a list of items that may be needed when installing a monitoring well or piezometer: 
 

• Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer. 
 

• Well drilling and installation equipment with associated materials (typically supplied by the driller). 
 

• Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule, 
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook). 

 

• Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe 
wrenches, drive points, riser pipe, and end caps). 

 
5.2 Well Design 

The objectives and intended use for each monitoring well must be clearly defined before the monitoring 
system is designed.  Within the monitoring system, different monitoring wells may serve different 
purposes and, therefore, require different types of construction.  During all phases of the well design, 
attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials used.  The objectives for installing the monitoring wells may include: 
 

• Determining groundwater flow directions and velocities. 

• Sampling or monitoring for trace contaminants. 

• Determining aquifer characteristics (e.g., hydraulic conductivity). 
 
Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction.  In most cases, groundwater flow directions and potential well locations can be determined by 
an experienced hydrogeologist through the review of geologic data and the site terrain.  In addition, data 
from production wells or other monitoring wells in the area may be used to determine the groundwater 
flow direction.  If these methods cannot be used, piezometers, which are relatively inexpensive to install,  
may have to be installed in a preliminary investigative phase to determine groundwater flow direction. 
 
5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of each 
investigation.  Specification of these items generally depends on the purpose of the monitoring system 
and the characteristics of the hydrogeologic system being monitored.  Wells of different depth, diameter, 
and monitored interval can be employed in the same groundwater monitoring system.  For instance, 
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine 
the vertical gradient and the depths at which contaminants are present.  Conversely, a fully penetrating 
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples 
collected in wells that are screened over the full thickness of the water-bearing zone will be representative 
of average conditions across the entire monitored interval.  However, fully penetrating wells can be used 
to establish the existence of contamination in the water-bearing zone.  The well diameter desired 
depends upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling 
method and cost. 
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The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 
 

• The vertical location of the contaminant source in relation to the water-bearing zone. 
 

• The depth, thickness and uniformity of the water-bearing zone. 
 

• The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

 

• Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge 
events). 

 

• The presence and location of contaminants encountered during drilling. 
 

• Whether the purpose of the installation is for determining existence or non-existence of contamination 
or if a particular stratigraphic zone is being investigated. 

 

• The analysis of borehole geophysical logs. 
 
In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less.  Shorter screen lengths (5 feet or less) are 
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 
 
Many factors influence the diameter of a monitoring well.  The diameter of the monitoring well depends on 
the application.  In determining well diameter, the following needs must be considered: 
 

• Adequate water volume for sampling. 

• Drilling methodology. 

• Type of sampling device to be used. 

• Costs. 
 
Standard monitoring well diameters are 2, 4, 6, or 8 inches.  Drive points are typically 1-1/4 or 2 inches in 
diameter.  For monitoring programs which require screened monitoring wells, either a 2-inch or 4-inch-
diameter well is preferred.  Typically, well diameters greater than 4 inches are used in monitoring 
programs in which open-hole bedrock monitoring wells are used.  With smaller diameter wells, the volume 
of stagnant water in the well is minimized, and well construction costs are reduced; however, the 
sampling devices that can be used are limited.   
 
In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water 
may be required for a single sample to account for full organic and inorganic analyses, and split samples), 
particularly if the monitored formation is known to be a low-yielding formation.  The unit volume of water 
contained within a monitoring well is dependent on the well diameter as follows: 
 

Casing Inside 
Diameter (Inch) 

Standing Water Length to Obtain 
1 Gallon Water (Feet) 

2 6.13 

4 1.53 

6 0.68 

 
If a well recharges quickly after purging, then well diameter may not be an important factor regarding 
sample volume requirements. 
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Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of 
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during 
drilling or after well installation is completed. 
 
5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe.  Well screens require an 
additional specification of slot size.  Thickness of pipe is referred to as "Schedule" for polyvinyl chloride 
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall).  Steel pipe thickness is often 
referred to as "Strength".  Standard Strength is usually adequate for monitoring well purposes.  With 
larger diameter pipe, the wall thickness must be greater to maintain adequate strength.  The required 
thickness is also dependent on the method of installation; risers for drive points require greater strength 
than wells installed inside drilled borings. 
 
The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth.  
Cost and the level of accuracy required are also important.  The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel.  Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic).  The two most commonly used 
materials are PVC and stainless steel.  Properties of these two materials are compared in Attachment B.  
Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are 
high.  Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity 
for water contamination due to well materials.  PVC has many advantages, including low cost, excellent 
availability, light weight, ease of manipulation, and widespread acceptance.  The crushing strength of 
PVC may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the 
problems associated with depth.  However, the smaller inside diameter of Schedule 80 pipe may be an 
important factor when considering the size of bailers or pumps required for sampling or testing.  Due to 
this problem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch I.D. 
 
Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples.  Metal pipe may corrode 
and release metal ions or chemically react with organic constituents, but this is considered a minor issue.  
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and 
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating. 
 
Threaded, flush-joint casing is most often preferred for monitoring well applications.  PVC, Teflon, and 
steel can all be obtained with threaded joints.  Welded-joint steel casing is also acceptable.  Glued PVC 
may release organic contaminants into the well, and therefore, should not be used if the well is to be 
sampled for organic constituents. 
 
When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well 
screen is often not necessary (the well is simply an open hole in bedrock).  Unconsolidated materials, 
such as sands, clay, and silts require a screen.  A screen slot size of 0.010 or 0.020 inch is generally 
used when a screen is necessary, and the annular borehole space around the screened interval is 
artificially packed with an appropriately sized sand, selected based on formation grain size.  The slot size 
controls the quantity of water entering the well and prevents entry of natural materials or sand pack.  The 
screen shall pass no more than 10 percent of the pack material, or in-situ aquifer material.  The site 
geologist shall specify the combination of screen slot size and sand pack which will be compatible with 
the water-bearing zone, to maximize groundwater inflow and minimize head losses and movement of 
fines into the wells.  For example, as a standard procedure, a Morie No. 1 or No. 10 to No. 20 U.S. 
Standard Sieve size filter pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to 
No. 40 U.S. Standard Sieve size filter pack is typically appropriate for a 0.010-inch slot screen. 
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5.2.3 Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout.  The sand pack is usually a 
medium-to coarse-grained poorly graded, silica sand and should relate to the grain size of the aquifer 
sediments.  The quantity of sand placed in the annular space is dependent upon the length of the 
screened interval, but should always extend at least 1 foot above the top of the screen.  At least 1 to 
3 feet of bentonite pellets or equivalent shall be placed above the sand pack.  Cement-bentonite grout (or 
equivalent) is then placed to extent from the top of the bentonite pellets to the ground surface. 
 
On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed).  In this case, the natural formation material is 
allowed to collapse around the well screen after the well is installed.  This method has been used where 
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 
 
Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation.  Cement-bentonite grout is placed on top of the 
bentonite pellets, extending to the surface.  The grout effectively seals the remaining borehole annulus 
and eliminates the possibility for surface infiltration reaching the screened interval.  Grouting also 
replaces material removed during drilling and prevents hole collapse and subsidence around the well.  A 
tremie pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to provide 
a better seal.  In shallow boreholes that don't collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 
 
Grout is a general term which has several different connotations.  For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal.  Grout, most of the time, is made up of one or two 
assemblages of material, (e.g., cement and/or bentonite).  A cement-bentonite grout, which is the most 
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite, 
and water at a ratio of one 90-pound bag of Portland Type I cement, plus 3 to 5 pounds of granular or 
flake-type bentonite, and 6-7 gallons of water.  A neat cement consists of one ninety-pound bag of 
Portland Type I cement and 6-7 gallons of water.  A bentonite slurry (bentonite and water mixed to a thick 
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of 
bentonite pellets is difficult.  Bentonite chips are also occasionally used for annular backfill in place of 
grout. 
 
In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation 
depth.  For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or 
sand.  A short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below 
the screen, as a silt reservoir, when significant post-development silting is anticipated.  This will ensure 
that the entire screen surface remains unobstructed. 
 
5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is typically placed over 
the top of the well.  This casing generally has a hinged cap and can be locked to prevent vandalism.  The 
protective casing has a larger diameter than the well and is set into the wet cement grout over the well 
upon completion.  In addition, one hole is drilled just above the cement collar through the protective 
casing which acts as a weep hole for the flow of water which may enter the annulus during well 
development, purging, or sampling. 
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking 
lot applications where the top of a monitoring well must be below the pavement.  The top of the riser pipe 
is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place to 
3 inches below the pavement.  A large diameter, manhole-type protective collar is set into the wet cement 
around the well with the top set level with or slightly above the pavement.  An appropriately-sized id is 
placed over the protective sleeve.  The cement should be slightly mounded to direct pooled water away 
from the well head. 
 
5.3 Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6.3.  Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 
 
5.3.1 Monitoring Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin.  The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed.  If the 
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be 
installed and well installation will proceed through the center of the temporary casing, and continue as the 
temporary casing is withdrawn from the borehole.  In the case of hollow-stem auger drilling, the augers 
will act to stabilize the borehole during well installation. 
 
Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineer's rule to ensure proper placement.  When measuring sections, the threads on 
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections are 
screwed flush together. 
 
After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed.  
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress.  The sand is slowly poured into the annulus between the riser pipe and temporary casing, as 
the casing is withdrawn.  Sand should always be kept within the temporary casing during withdrawal in 
order to ensure an adequate sand pack.  However, if too much sand is within the temporary casing 
(greater than 1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe 
may occur.  Centralizers may be used at the geologist's discretion, one above and one below the screen, 
to assure enough annular space for sand pack placement. 
 
After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the 
bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack.  At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack.  Pellets should be added slowly 
and their fall monitored closely to ensure that bridging does not occur. 
 
The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or 
augers are withdrawn.  Finally, the protective casing can be installed as detailed in Section 5.2.4. 
 
5.3.2 Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between aquifers.  Under most conditions, this can be accomplished 
by installing double-cased wells.  This is accomplished by drilling a large-diameter boring through the 
upper aquifer, 1 to 5 feet into the underlying confining layer, and setting and pressure grouting or tremie 
grouting a large-diameter casing into the confining layer.  The grout material must fill the space between 
the native material and the outer casing.  A smaller diameter boring is then continued through the 
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confining layer for installation of the monitoring well as detailed for overburden monitoring wells.  
Sufficient time (determined by the field geologist), must be allowed for setting of the grout prior to drilling 
through the confined layer.   
 
5.3.3 Bedrock Monitoring Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and 
approximately 5 –10 feet into bedrock.  A casing (typically steel) is installed and either pressure grouted 
or tremie grouted in place.  After the grout has cured, a smaller diameter boring is continued into bedrock 
to the desired depth.  If the boring does not collapse, the well can be left open, and a screen is not 
necessary.  If the boring collapses, then a screen is required and can be installed as detailed for 
overburden monitoring wells.  If a screen is to be used, then the casing which is installed through the 
overburden and into the bedrock does not require grouting and can be removed when the final well 
installation is completed.  
 
5.3.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator.  The 
screen section is threaded and tightened onto the riser pipe with pipe wrenches.  The drive point is simply 
pounded into the subsurface to the desired depth.  If a heavy drop hammer is used, then a tripod and 
pulley setup is required to lift the hammer.  Drive points typically cannot be manually driven to depths 
exceeding 10 feet. 
 
Direct push sampling/monitoring point installation methods, using a direct push rig or drilling rig, are 
described in SOP SA-2.5. 
 
5.3.5 Innovative Monitoring Well Installation Techniques 

Certain innovative sampling devices have proven advantageous.  These devices are essentially screened 
samplers installed in a borehole with only small-diameter tubes extending to the surface.  This reduces 
drilling costs, decreases the volume of stagnant water, and provides a sampling system that minimizes 
cross-contamination from sampling equipment.  Four manufacturers of these samplers include Timco 
Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, BARCAD Systems, Inc., of Concord, 
Massachusetts, Westbay Instruments Ltd. of Vancouver, British Columbia, Canada and the University of 
Waterloo at Waterloo, Ontario, Canada..  Each manufacturer offers various construction materials. 
 
5.4 Well Development Methods 

The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 
operations.  Wells are typically developed until all fine material and drilling water is removed from the well.  
Sequential measurements of pH, conductivity, turbidity, and temperature taken during development may 
yield information (stabilized values) regarding whether sufficient development has been performed.  The 
selection of the well development method shall be made by the field geologist and is based on the drilling 
methods, well construction and installation details, and the characteristics of the formation that the well is 
screened in.  The primary methods of well development are summarized below.  A more detailed 
discussion may be found in Driscoll (1986). 
 
5.4.1 Overpumping and Backwashing 

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or 
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the 
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formation.  This back and forth movement of water through the well screen and gravel pack serves to 
remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of 
sand grains.  Backwashing can be accomplished by several methods, including pouring water into the 
well and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water 
into the well under pressure through a water-tight fitting ("rawhiding").  Care should be taken when 
backwashing not to apply too much pressure, which could damage or destroy the well screen. 
 
5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is 
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the 
screens.  This movement of water pulls fine materials into the well, where they may be removed by any of 
several methods, and prevents bridging of sand particles in the gravel pack.  There are two basic types of 
surge plungers; solid and valved surge plungers.  In formations with low yields, a valved surge plunger 
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow 
back in.  Valved plungers are designed to produce a greater inflow than outflow of water during surging. 
 
5.4.3 Compressed Air 

Compressed air can be used to develop a well by either of two methods:  backwashing or surging.  
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a 
sealed well, then releasing the pressurized air to allow the water to flow back into the well.  Care should 
be taken when using this method so that the water level does not drop below the top of the screen, thus 
introducing air into the formation and reducing well yield.  Surging, or the "open well" method, consists of 
alternately releasing large volumes of air suddenly into an open well below the water level to produce a 
strong surge by virtue of the resistance of water head, friction, and inertia.  Pumping of the well is 
subsequently done using the air lift method. 
 
5.4.4 High Velocity Jetting 

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and 
through the well screen to loosen fine particles from the sand pack and surrounding formation.  The 
jetting tool is slowly rotated and raised and lowered along the length of the well screen to develop the 
entire screened area.  Jetting using a hose lowered into the well may also be effective.  The fines washed 
into the screen during this process can then be bailed or pumped from the well. 
 
6.0 RECORDS 

A critical part of monitoring well installation is recording of all significant details and events in the site 
logbook or field notebook.  The geologist must record the exact depths of significant hydrogeological 
features, screen placement, gravel pack placement, and bentonite placement. 
 
A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform 
recording of data for each installation and rapid identification of missing information.  Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type of 
all backfill materials shall be recorded.  Additional information shall include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process.  Documentation is very 
important to prevent problems involving questionable sample validity.  Somewhat different information will 
need to be recorded, depending on whether the well is completed in overburden (single- or double-
cased), as a cased well in bedrock, or as an open hole in bedrock.  
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The quantities of sand, bentonite, and grout placed in the well are also important.  The geologist shall 
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular 
space.  Volumes of backfill significantly higher than the calculated volume may indicate a problem such 
as a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill 
materials.  Any problems with rig operation or down-time shall be recorded and may affect the driller's 
final fee. 
 
7.0 REFERENCES 
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Well Construction and Groundwater Sampling.  ISWS Contract Report 327, Illinois State Water Survey, 
Champaign, Illinois. 
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ATTACHMENT A 
 

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT) 

Potentially-Deteriorating 
Substance 

Type of Casing Material 

 PVC 1 Galvanized 
Steel 

Carbon 
Steel 

Lo-carbon 
Steel 

Stainless 
Steel 304 

Stainless 
Steel 316 

Teflon* 

Buffered Weak Acid 100 56 51 59 97 100 100 

Weak Acid  98 59 43 47 96 100 100 

Mineral Acid/ 
High Solids Content 

100 48 57 60 80 82 100 

Aqueous/Organic 
Mixtures 

64 69 73 73 98 100 100 

Percent Overall Rating 91 58 56 59 93 96 100 

Preliminary Ranking of Rigid Materials: 
 

 1 Teflon7      5 Lo-Carbon Steel 
 2 Stainless Steel 316    6 Galvanized Steel 
 3. Stainless Steel 304    7 Carbon Steel 
 4 PVC 1 
 
*  Trademark of DuPont 

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 

Potentially-
Deteriorating 
Substance 

Type of Casing Material 

 PVC 
Flexible 

PP PE 
Conv. 

PE 
Linear 

PMM Viton7* Silicone Neoprene Teflon7* 

Buffered Weak Acid 97 97 100 97 90 92 87 85 100 

Weak Acid 92 90 94 96 78 78 75 75 100 

Mineral Acid/ 
High Solids Content 

100 100 100 100 95 100 78 82 100 

Aqueous/Organic 
Mixtures 

62 71 40 60 49 78 49 44 100 

Percent Overall 
Rating 

88 90 84 88 78 87 72 72 100 

Preliminary Ranking of Semi-Rigid or Elastomeric Materials: 
 

 1 Teflon7      5 PE Conventional 
 2 Polypropylene (PP)    6 Plexiglas/Lucite (PMM) 
 3. PVC Flexible/PE Linear    7 Silicone/Neoprene 

 4 Viton7 
 
*  Trademark of DuPont 
 
Source:  Barcelona et al., 1983 
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ATTACHMENT B 
 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 

Characteristic Stainless Steel PVC 

Strength Use in deep wells to prevent 
compression and closing of 
screen/riser. 

Use when shear and compressive 
strength are not critical. 

Weight Relatively heavier. Light-weight; floats in water. 

Cost Relatively expensive. Relatively inexpensive. 

Corrosivity Deteriorates more rapidly in corrosive 
water. 

Non-corrosive -- may deteriorate in 
presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated 
hydrocarbons. 

Ease of Use Difficult to adjust size or length in the 
field. 

Easy to handle and work with in the 
field. 

Preparation for 
Use 

Should be steam cleaned if organics 
will be subsequently sampled. 

Never use glue fittings -- pipes should 
be threaded or pressure fitted.  Should 
be steam cleaned when used for 
monitoring wells. 

Interaction with 
Contaminants* 

May sorb organic or inorganic 
substances when oxidized. 

May sorb or release organic 
substances. 

 
* See also Attachment A. 
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1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the process to be used for purging groundwater 
monitoring wells prior to sampling, for collecting groundwater samples, and for measuring groundwater 
quality parameters.    
 
2.0 SCOPE 

This document provides information on proper sampling equipment, onsite water quality testing, safety 
measures to ensure the safety of the field technician(s), and techniques for groundwater sampling.  All 
personnel are encouraged to review the information contained herein to facilitate planning of the field 
sampling effort.  The techniques described shall be followed whenever applicable, noting that site-specific 
conditions or project-specific plans may require modifications to methodology.   
 
3.0 GLOSSARY 

Conductivity – Conductivity is a numerical expression of the ability of an aqueous solution to carry an 
electric current.  This ability depends on the presence of ions and their total concentration, mobility, 
valence, and relative concentrations and on temperature.  Conductivity is highly dependent on 
temperature and should be reported at a particular temperature, i.e., 20.2 microSiemens per centimeter 
(mS/cm) at 14°C. 
 
Dissolved Oxygen (DO) – DO levels in natural and wastewater depend on the physical, chemical, and 
biochemical activities in the water sample. 
 
Groundwater Sample – A quantity of water removed from the ground, usually via a monitoring well that 
may or may not be lined with a well casing. 
 
Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species as 
determined by the electromotive force developed by a noble metal electrode immersed in water, as 
referenced against a reference electrode.  A reference electrode commonly used in the field is the 
silver/silver chloride electrode, which has a voltage offset of about 210 mV from the standard hydrogen 
electrode (SHE).  To convert field ORP measurements to equivalent SHE values, approximately 210 mV 
must be added to the ORP values obtained using the silver/silver chloride electrode.  The actual offset 
depends on the concentration of the potassium chloride (KCl) in the field reference electrode and the 
temperature.  Offsets typically range from 199 (saturated KCl) to 205 (3.5 Molar KCl) to 222 mV (1 Molar 
KCl) at 25°C and are greater at lower temperatures. 
 
pH - The negative logarithm (base 10) of the hydrogen ion activity.  The hydrogen ion activity is related to 
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal.  Thus, for all 
practical purposes, pH is a measure of the hydrogen ion concentration. 
 
pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which it is 
exposed.  Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution's pH. 
 
Representativeness – A qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point.  It is therefore an important 
characteristic not only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction.  Proper sample location selection 
and proper sample collection methods are important to ensure that a truly representative sample has 
been collected.   
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Salinity – The measurement of dissolved salts in a given mass of solution.  Note:  most field meters 
determined salinity automatically from conductivity and temperature.  The value will be displayed in either 
parts per thousand (ppt) or percent (e.g., 35 ppt equals 3.5 percent).  The parts per thousand symbol 
(
0
/00) is not the same as the percent symbol (%). 

 
Turbidity – Turbidity in water is caused by suspended matter such as clay, silt, and fine organic and 
inorganic matter.  Turbidity is an expression of the optical property that causes light to be scattered and 
absorbed rather than transmitted in a straight line through the sample. 
 
 
4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, initial 
sampling locations, and field procedures used in the collection of groundwater samples.  Additionally, in 
consultation with other project personnel (geologist, hydrogeologist, etc.), the Project Manager identifies 
sampling locations. 
 
Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan (HASP).  This includes but is not be 
limited to performing air quality monitoring during sampling, boring and excavation activities, and ensuring 
that workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne 
contaminants.  The SSO or SSO designee may also be required to advise the FOL on other safety-
related matters regarding sampling, such as mitigative measures to address potential hazards from 
hazardous objects or conditions.   
 
Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP or other project-specific documents. In addition, this individual is 
responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, container labels, custody seals, and chain-of-custody forms) associated with the collection of those 
samples. 
 
Project Hydrogeologist – This individual is responsible for selecting and detailing the specific groundwater 
sampling techniques, onsite water quality testing (type, frequency, and location), equipment to be used, 
and providing detailed input in this regard to the project planning documents.  The project hydrogeologist 
is also responsible for properly briefing and overseeing the performance of site sampling personnel. 
 
Field Operations Leader (FOL) – This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples.  He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures.  When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit.  The FOL is ultimately responsible for adherence to 
Occupational Safety and Health Administration (OSHA) regulations during these operations through self 
acquisition or through the management of a field team of samplers. 
General personnel qualifications for groundwater sample collection and onsite water quality testing 
include the following: 
 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 
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• Familiarity with appropriate procedures for sample documentation, handling, packaging, and shipping.  
 
5.0 HEALTH AND SAFETY 

Specific safety and health precautions are identified throughout this SOP.  In addition to those 
precautions, the following general hazards may be incurred during sampling activities: 
 

• Knee injuries from kneeling on hard surfaces 
 

• Slips, trips, and falls 
 

• Cuts and lacerations 
 

• Traffic hazards associated with sampling in parking areas and roadways and along highways. 
 
Methods of avoiding these hazards are provided below. 
 
Knee injuries – Many monitoring wells are installed as flush mounts.  Personnel are required to kneel to 
open these wells and to take groundwater level measurements, etc. This could result in knee injuries from 
kneeling on stones/foreign objects and general damage due to stress on the joints. To combat this 
hazard: 
 

• Clear any foreign objects from the work area. 
 

• Wear hard-sided knee pads.  
 
Slips, Trips, and Falls – These hazards exist while traversing varying terrains carrying equipment to 
sample wells. To minimize these hazards: 
 

• Pre-survey well locations. Eliminate, barricade, or otherwise mark physical hazards leading to the 
locations. 

 

• Carry small loads that do not restrict the field of vision. 
 

• Travel the safest and clearest route (not necessarily the shortest). 
 
Cuts and Lacerations – To prevent cuts and lacerations associated with groundwater sampling, the 
following provisions are required: 
 

• Always cut away from yourself and others when cutting tubing or rope.  This will prevent injury to 
yourself and others if the knife slips. 

 

• Do not place items to be cut in your hand or on your knee. 
 

• Change blades as necessary to maintain a sharp cutting edge.  Many accidents result from struggling 
with dull cutting attachments. 

 

• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 
the hand not using the knife. 

 

• Keep cutting surfaces clean and smooth.  



 Subject 
 GROUNDWATER SAMPLE  

 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Number 
 SA-1.1 

Page 
 5 of 34 

Revision 
 8 

Effective Date 

 01/2012 

 

019611/P Tetra Tech, Inc. 

 

• Secure items to be cut -- do not hold them against the opposing hand, a leg, or other body part. 
 

• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 
fall, you will be less likely to get cut by broken glass. 

 

• DO NOT throw broken glass or glass ampoules into garbage bags.  Place broken glass and glass 
ampoules in hard-sided containers such as a cardboard box or directly into a dumpster.  DO NOT 
reach into garbage bags to retrieve any item accidentally thrown away.  Empty the contents onto a 
flat surface to avoid punctures and lacerations from reaching where you cannot see.  

 
Vehicular and Foot Traffic Hazards – When sampling along the roadway or near traffic patterns, follow 
the following precautions: 
 

• Motorists may be distracted by onsite activities – ASSUME THEY DO NOT SEE YOU OR MEMBERS 
OF YOUR FIELD CREW. 

 

• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 
personnel to move into the flow of traffic to avoid your activities or equipment or that will create a blind 
spot.  

 

• Provide a required free space of travel.  Maintain at least 6 feet of space between you and moving 
traffic.  Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes.   

 

• Face Traffic.  Whenever feasible, if you must move within the 6 feet of the required free space or into 
traffic, attempt to face moving traffic at all times.  Always leave yourself an escape route. 

 

• Wear high-visibility vests to increase visual recognition by motorists. 
 

• Do not rely on the vehicle operator’s visibility, judgment, or ability.  Make eye contact with the driver. 
Carefully and deliberately use hand signals so they will not startle or confuse motorists or be 
mistaken for a flagger’s direction before moving into traffic. 

 

• Your movements may startle a motorist and cause an accident, so move deliberately.  Do not make 
sudden movements that might confuse a motorist. 

 
6.0 PROCEDURES 

6.1 General 

For information derived from a groundwater sample to be useful and accurate, the sample must be 
representative of the particular zone being sampled.  The physical, chemical, and bacteriological integrity 
of the sample must be maintained from the time of sampling to the time of analysis to keep any changes 
in water quality parameters to a minimum.   
 

CAUTION 
A closed well may generate and accumulate gases due to biological degradation, 

evolution of volatile chemicals from groundwater into the air, or other chemical actions. 
These gases may also be artificially generated, such as in the case of air sparging or 
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extraction wells, which may take several days to depressurize. See Section 6.6.2 for 
safety measures to be employed to protect sampling personnel. 

 
Methods for withdrawing samples from completed wells include the use of pumps, compressed air or 
nitrogen, bailers, and various types of samplers.  The primary considerations in obtaining a representative 
sample of groundwater are to avoid collection of stagnant (standing) water in the well and to avoid 
physical or chemical alteration of the water sample due to external influences of the sampling 
technique(s).  In a non-pumping well, there will be little or no vertical mixing of water in the well pipe or 
casing, and stratification will occur.  The well water in the screened section will mix with groundwater due 
to normal flow patterns, but the well water above the screened section will remain isolated and become 
stagnant.  Concentration gradients resulting from mixing and dispersion processes, layers of variable 
geologic permeability, and the presence of separate-phase product (e.g., floating hydrocarbons) may 
cause stratification.  Excessive pumping or improper sampling methods can dilute or increase 
contaminant concentrations in the collected sample compared to what is representative of the integrated 
water column as it naturally occurs at that point, resulting in the collection of a non-representative sample. 
To safeguard against collecting non-representative samples, the following approach shall be followed 
prior to sample acquisition: 
 

CAUTION 
Mechanical agitation of well water may cause off-gas generation of volatile contaminants, 

creating an inhalation exposure to the sampler(s).  Where avoiding an inhalation 
exposure is not possible and mechanical agitation is possible, pump into closed-top 

containers to control potential air emissions. 

 
1. If possible, position yourself (and the sampling equipment) upwind of the well head. 
 
2. Purge the monitoring well to be sampled prior to obtaining any samples from it.  Evacuation of three 

to five well volumes is recommended prior to sampling, unless low-flow purging and sampling 
methods are utilized as described in Section 6.7 (Consult the site-specific SAP for exact purging 
parameters).  In a high-yielding groundwater formation and where there is no stagnant water in the 
well above the screened section, extensive evacuation prior to sample withdrawal is not as critical as 
it is in a low-yielding well or in wells containing stagnant water.   

 
3. For wells with low yields that are purged dry during sampling, evacuate the well and allow it to 

recover to 75 percent of full capacity prior to sample acquisition.  If the recovery rate is fairly rapid 
(generally 300 mL per minute or greater), attempt to continue evacuation until the number of well 
volumes specified in the SAP is achieved.  If this cannot be accomplished, allow recovery to 75 
percent of capacity and begin sampling. 

 

CAUTION 
For moderate to high-yielding monitoring wells, an evacuation rate that does not cause 
excessive turbulence in the well should be selected.  There is no absolute safeguard 
against contaminating the sample with stagnant water; hence, special techniques are 
required for purging to minimize the potential for sample contamination (see below).   

 
4. For moderate to high-yielding monitoring wells, use one of the following purge techniques:   
 

• Place a submersible pump or the intake line of a surface pump or bailer just below the water 
surface when removing the stagnant water. 
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• While purging and as the water level decreases, lower the pump or intake line as the water level 
drops in the well.  Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated.  After this is accomplished, a bailer or 
other approved device may be used to collect the sample for analysis. 
 

• Unless otherwise directed, place the intake line of the sampling pump (or the submersible pump 
itself) near the center of the screened section, and pump approximately one casing volume of 
water from the well at a low purge rate equal to the well's recovery rate (low-flow sampling). 

 

6.2 Sampling, Monitoring, and Evacuation Equipment 

Sample containers shall conform to the guidelines in SOP SA-6.1. 
 
The following equipment shall be on hand when sampling groundwater wells (reference SOPs SA-6.1 and 
SA-7.1): 
 

• Sample packaging and shipping equipment – Coolers for sample shipping and cooling, chemical 
preservatives, appropriate sampling containers and filler materials, ice, labels, and chain-of-custody 
documents.   

 

• Field tools and instrumentation 
 

− Multi-parameter water quality meter with an in-line sample chamber capable of measuring ORP, 
pH, temperature, DO, specific conductance, turbidity, and salinity, or individual meters (as 
applicable) 

 

− pH Paper 
 

− Camera and film (if appropriate) 
 

− Appropriate keys (for locked wells) 
 

− Water level indicator and/or oil-water interface probe if separate-phase product is expected 
 

• Pumps 
 

− Shallow-well pumps:  Centrifugal, bladder, suction, or peristaltic pumps with drop lines and air-lift 
apparatus (compressor and tubing) where applicable. 

 

− Deep-well pumps:  Submersible pump and electrical power-generating unit, or bladder pumps 
where applicable. 

 

• Other sampling equipment – Bailers, graduated cylinder, stopwatch, and inert line with tripod-pulley 
assembly (if necessary).   

 

• Pails – Plastic, graduated. 
 

• Clean paper or cotton towels for cleaning equipment. 
 

• Buckets with lids for collecting purge water. 
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• Decontamination solutions – Deionized water, potable water, phosphate-free laboratory-grade 
detergent, and analytical-grade solvent (e.g., pesticide-grade isopropanol), as required. 

 
Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well purging and sample collection.  
 

6.3 Calculations of Well Volume 

To ensure that the proper volume of water has been removed from the well prior to sampling, it is first 
necessary to know the volume of standing water in the well pipe (including well screen where applicable).  
This volume can be easily calculated by the following method.  Calculations shall be entered in the site 
logbook or field notebook or on a sample log sheet form or equivalent electronic form(s) (see SOP 
SA-6.3): 
 
1. Obtain all available information on well construction (location, casing, screen, etc.). 
 
2. Determine well or inner casing diameter. 
 
3. Measure and record static water level (depth below ground level or top of casing reference point). 
 
4. Determine depth of well by sounding using a clean, decontaminated, weighted tape measure or water 

level indicator. 
 
5. Calculate number of linear feet of static water (total depth or length of well pipe minus the depth to 

static water level). 
 

6. Calculate one static well volume in gallons  ( ) ))((163
2

rT0.   =   V  

 
 where: V = Static volume of well in gallons. 

T = Linear feet of water in the well. 
  r = Inside radius of well casing in inches. 

0.163 = Conversion factor (compensates for conversion of casing radius         
                          from inches to feet and cubic feet to gallons and pi. 

 
7. Per evacuation volumes discussed above, determine the minimum amount to be evacuated before 

sampling. 
 
Measuring devices may become contaminated when gathering the above information if they are 
submerged in contaminated water. Decontamination of the tape or water level indicator must be 
conducted between measurements in different wells as follows: 
 
1. Saturate a paper towel or clean cotton towel with deionized water.  
 
2. As the measuring device is extracted, wipe the tape, changing the cleaning surface frequently. 
 
3. After it is extracted, rinse the probe or tape using a spray bottle of deionized water over a bucket or 

similar collection container. 
 
Based on the contaminant (oily, etc), it may be necessary to use a soap and water wash and rinse to 
remove contaminants.  Isopropanol can be used on the probe/tape.  However, it is recommended that the 
use of solvents on the tape be minimized because they could degrade the protective covering or possibly 
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remove the scale designations.  If isopropanol (or some other solvent) is used, assure that the 
manufacturer/supplier Material Safety Data Sheet (MSDS) is obtained, kept on site at a readily available 
location with other MSDSs, and reviewed by personnel prior to the first usage of the solvent.   Also, add 
the substance to the site-specific Hazardous Chemical Inventory list (see Section 5 of the TtNUS Health 
and Safety Guidance Manual [HSGM], Hazard Communication Program and OSHA Standard 29 CFR 
1910.1200). 
 

6.4 Evacuation of Static Water – Purging 

6.4.1 General 

The amount to be purged from each well will be determined prior to sample collection. This amount will 
depend on the intent of the monitoring program and the hydrogeologic conditions.  Programs to determine 
overall quality of water resources may require long pumping periods to obtain a sample that is 
representative of a large volume of the aquifer.  The pumped volume may be specified prior to sampling 
so that the sample can be a composite of a known volume of the aquifer.  Alternately, the well can be 
pumped until parameters such as temperature, specific conductance, pH, and turbidity (as applicable) 
have stabilized.  Onsite measurements of these parameters shall be recorded in the site logbook or field 
notebook or on standardized data sheets or an equivalent electronic form(s).  
 
6.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites.  
Attachment A provides guidance on the proper evacuation device to use for given sampling situations.  All 
of these techniques involve equipment that is portable and readily available. 
 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages.  They generally consist of 
a length of tubing equipped with a base plate and ball check-valve at the bottom.  Bailers are comprised 
of stainless steel and plastic. They come in a variety of sizes, but the two most often used are 2 inches 
and 4 inches in diameter.  An inert non-absorbent line such as polyethylene rope is used to lower and 
then raise the bailer to retrieve the sample. As the bailer is lowered into the water column, the ball is 
pushed up allowing the tube to be filled.  When the bailer is pulled upward, the ball seats in the base plate 
preventing water from escaping. 
 
Advantages of bailers include the following: 
 

• There are few limitations on size and materials used. 
 

• No external power source is needed. 
 

• Bailers are inexpensive and can be dedicated and hung in a well to reduce the chances of cross-
contamination. 

 

• Bailers are relatively easy to decontaminate. 
 
Limitations on the use of bailers include the following: 
 

• It is time consuming to remove stagnant water using a bailer. 
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• Splashing the bailer into the water or transfer of sample may cause aeration. 
 

• The use of a bailer does not permit constant in-line monitoring of groundwater parameters. 
 

• Use of bailers is physically demanding, especially in warm temperatures at personal protection 
equipment (PPE) levels above Level D. 

 
Safety concerns using a bailer include the following: 
 

• Muscle stress and strain, especially when using 4-inch bailers and when pulling from excessively 
deep wells. 

 

• Entanglement, possible hand/finger injuries, and rope burns during a sudden release of the bailer 
back down the well. 

 

• Direct contact with contaminants of concern and sample preservatives when discharging the bailer 
contents because there is not a high level of control during a direct pour, and splashing and indirect 
contact with contaminants/preservatives could occur. 

 
Control measures for these hazards are provided in Section 6.6.2. 
 

Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and 
peristaltic pumps.  Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate.  The peristaltic pump is a low-volume pump that uses rollers 
to squeeze flexible tubing to create suction.  This tubing can be dedicated to a well to prevent cross- 
contamination from well to well.  Suction pumps are all portable, inexpensive, and readily available.  
However, because they are based on suction, their use is restricted to areas with water levels within 20 to 
25 feet of the ground surface.  A significant limitation is that the vacuum created by these pumps can 
cause loss of dissolved gases and volatile organics.  Another limitation of these pumps is that they 
require a secondary energy source to drive them.  Electrically driven pumps may require portable 
generators as energy sources.  Air diaphragm pumps require air compressors and/or compressed gas 
cylinders to drive them.  The advantage of the peristaltic pump is that it will operate from a portable 
battery source.  Safety measures associated with these pumps are provided below. 
 

Air-Lift and Gas-Lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
groundwater up a sampling tube.  These pumps are also relatively inexpensive.  Air- or gas-lift samplers 
are more suitable for well development than for sampling because the samples may be aerated as a 
result of pump action.  Aeration can cause pH changes and subsequent trace metal precipitation or loss 
of volatile organics. 
 

Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface.  The power 
sources for these samplers may be compressed gas or electricity.  Operation principles vary, and 
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller.  
Pumps are available for 2-inch-diameter wells and larger.  These pumps can lift water from considerable 
depths (several hundred feet). 



 Subject 
 GROUNDWATER SAMPLE  

 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Number 
 SA-1.1 

Page 
 11 of 34 

Revision 
 8 

Effective Date 

 01/2012 

 

019611/P Tetra Tech, Inc. 

 
Limitations of this class of pumps include the following: 
 

• They may have low delivery rates. 
 

• Many models are expensive. 
 

• Compressed gas or electric power is needed. 
 

• Sediment in water may cause clogging of the valves or eroding of the impellers with some of these 
pumps. 

 

• Decontamination of internal components can be difficult and time consuming. 
 

Compressed Gases 

Safety concerns using compressed gases as an energy source in these pumps are numerous.  The 
nitrogen gas or compressed air is provided in a compressed gas cylinder at a pressure of approximately 
2,000 psi.  If damaged, these cylinders can become dangerous projectiles.  Additionally, a sudden 
release of a cylinder's contents can involve considerable force that could cause significant damage to the 
eyes and/or skin.  Protective measures include the following: 
 

• Always wear safety impact glasses when handling compressed gases. 
 

• Always administer compressed gases through an appropriate pressure-reducing regulator. 
 

• When clearing the cylinder connection port, open the cylinder valve only enough to clear foreign 
debris. During this process, always position the cylinder valve so that it faces away from you and 
others. 

 

• If the cylinder is designed to accept a valve protection cap, always keep that protection cap in place, 
except the cylinder is connected for use. 

 

• When using the cylinder, lay the cylinder on its side to avoid the potential of it falling and knocking the 
valve off (and becoming a missile). 

 

• DO NOT use the compressed nitrogen or air to clean clothing or to spray off the skin. Small cuts in 
the protective layer of the skin may permit the gas to enter into the bloodstream, presenting the 
potential danger of an embolism. 

 
See the project-specific HASP for additional direction concerning cylinder safe handling procedures 
pertaining to the safe handling, transportation, and storage of compressed gas cylinders. 
 

Electrical Shock 

Even in situations where portable batteries are used, the potential for electrical shock exists.  This 
potential risk is increased in groundwater sampling activities because of the presence of groundwater 
near the batteries.  This potential is also increased in (prohibited) situations where jury-rigging of electrical 
connections is performed.  Other potential hazards occur when field samplers open the hood of a running 
car to access the battery as a power source.  To control these hazards: 
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• If you are unfamiliar with electrical devices, do not experiment, get help, and get the proper 
equipment necessary to power your device. 

 

• Use the proper portable power inverters for cigarette lighter connections to minimize the need to 
access the battery under the hood of your vehicle. 

 

• Use of electrical generators may pose a number of hazards including noise, those associated with 
fueling, and indirect sample influence. 

 
To minimize or eliminate electrical generator hazards: 
 

• Inspect the generator before use. Ensure that the generator and any extension cords are rated for the 
intended operation and have a Ground Fault Circuit Interrupter (GFCI) in line to control potential 
electrical shock. 

 

• Fuel the generator before purging and sampling to avoid loss of power during sampling. 
 

• Fuel engines only when they are turned OFF and have cooled sufficiently to prevent a fire hazard. 
 

• Place the generator and any fuel source at least 50 feet from the well to be sampled to avoid indirect 
influence to the sample from fuel vapors or emission gases. 

 
Lifting Hazards 
 
This hazard may be experienced when moving containers of purge water, equipment, cylinders, etc.  To 
control these potential hazards: 
 

• Do not fill purge buckets to more than 80 percent of their capacity. 
 

• Obtain a gas cylinder of sufficient size to complete the designated task but not too large to handle. K-
size cylinders weigh approximately 135 pounds and are difficult to handle.  M-size cylinders weigh 
approximately 50 pounds and are easier to handle and move. 

 

• When necessary, get help lifting and moving gas cylinders and other heavy objects.  Minimize 
twisting and turning while lifting.  If it is necessary to move these cylinders or generators over 
significant distance, use mechanical means (carts, etc.). 

 

• Use proper lifting techniques as described in Section 4.4 of the HSGM. 
 

6.5 Onsite Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of an 
aqueous sample in the field: 
 

• pH 

• Specific conductance 

• Temperature 

• DO 

• ORP 

• Turbidity 

• Salinity 
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This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at 
a hazardous or nonhazardous waste site.  The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, or 
colloidal material or other suspended matter. 
 
This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use.  Because instruments from different manufacturers may vary, review of the 
manufacturer's literature pertaining to the use of a specific instrument is required before use.  Most 
meters used to measure field parameters require calibration on a daily basis.  Refer to SOP SA-6.3 for an 
example equipment calibration log. 
 
6.5.1 Measurement of pH 

6.5.1.1 General 

Measurement of pH is one of the most important and frequently used tests in water chemistry.  Practically 
every phase of water supply and wastewater treatment such as acid-base neutralization, water softening, 
and corrosion control is pH dependent.  Likewise, the pH of leachate can be correlated with other 
chemical analyses to determine the probable source of contamination.  It is therefore important that 
reasonably accurate pH measurements be taken and recorded on the groundwater sample log sheet 
(Attachment B) or equivalent electronic form. 
 
Two methods are given for pH measurement:  the pH meter and pH indicator paper.  Indicator paper is 
used when only an approximation of the pH is required or when pH meter readings need to be verified, 
and the pH meter is used when a more accurate measurement is needed.  The response of a pH meter 
can be affected by high levels of colloidal or suspended solids, but the effect is generally of little 
significance.  Consequently, specific methods to overcome this interference are not described.  The 
response of pH paper is unaffected by solution interferences from color, turbidity, or colloidal or 
suspended materials unless extremely high levels capable of coating or masking the paper are 
encountered.  In such cases, use of a pH meter is recommended. 
 

6.5.1.2 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity of 
the solution created by the addition of the water sample reacting with the indicator compound on the 
paper.  Various types of pH papers are available, including litmus (for general acidity or alkalinity 
determination) and specific, or narrower range, pH range paper. 
 
Use of a pH meter relies on the same principle as other ion-specific electrodes.  Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion activity (which is usually similar to concentration) across that membrane.  The 
membrane is conductive to ionic species and, in combination with a standard or reference electrode, a 
potential difference proportional to the ion concentration is generated and measured. 
 

6.5.1.3 Equipment 

The following equipment is to be used for obtaining pH measurements: 
 

• A stand-alone portable pH meter or combination meter equipped with an in-line sample chamber 
(e.g., YSI 600 series and Horiba U-22). 
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• Combination electrode with polymer body to fit the above meter.  Alternately, a pH electrode and a 
reference electrode can be used if the pH meter is equipped with suitable electrode inputs. 

 

• Buffer solutions, as specified by the manufacturer.  If the buffer solutions are considered hazardous 
per 29 Code of Federal Regulations (CFR) 1910.1200 (Hazard Communication) or the volumes used 
are greater than consumer commodity levels, the SSO shall obtain MSDSs from the manufacturer for 
the specific buffer solutions (see Section 4 of the HSGM regarding the Hazard Communication 
Program) 

 

• pH indicator paper to cover the pH range 2 through 12. 
 

• Manufacturer's operation manual.  All personnel must be familiar with the equipment operation to 
ensure that the integrity of samples is preserved and that the equipment is operated safely. 

 

6.5.1.4 Measurement Techniques for Field Determination of pH 

pH Meter 

The following procedure shall be used for measuring pH with a pH meter (meter standardization is 
according to manufacturer's instructions): 
 
1. Inspect the instrument and batteries prior to initiation of the field effort. 
 
2. Check the integrity of the buffer solutions used for field calibration.  Buffer solutions need to be 

changed often as a result of degradation upon exposure to the atmosphere.   
 
3. If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper levels and 

that no air bubbles are present within the electrode(s). 
 
4. Calibrate the meter and electrode(s) on a daily use basis (or as recommended by manufacturer) 

following manufacturer's instructions.  Record calibration data on a water quality meter calibration log 
sheet (Attachment C) or equivalent electronic form. 

 
5. Immerse the electrode(s) in the sample.  Stabilization may take several seconds to minutes.  If the pH 

continues to drift, the sample temperature may not be stable, a physical reaction (e.g., degassing) 
may be taking place in the sample, or the meter or electrode may be malfunctioning.  The failure of 
the measurements to stabilize must be clearly noted in the logbook or equivalent electronic form.  

 
6. Read and record the pH of the sample.  pH shall be recorded to the nearest 0.01 pH standard unit.  

Also record the sample temperature (unless otherwise specified in the SAP, record temperatures to 
the nearest whole degree Fahrenheit or 0.5 degree Celsius). 

 
7. Rinse the electrode(s) with deionized water. 
 
8. Store the electrode(s) in an accordance with manufacturer’s instructions when not in use. 
 
Any visual observation of conditions that may interfere with pH measurement, such as oily materials or 
turbidity, shall be noted and avoided as much as possible. 
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pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range 
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units).  The appropriate range of pH paper shall be selected.  If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is determined.  To measure the pH with pH paper: 
 
1. Collect a small portion of sample into a clean container. 
 
2. Dip the pH paper into this small portion of sample. 
 
3. Compare the color of the paper to the color chart that is provided with the pH paper and read the 

corresponding pH from the chart. 
 
4. Record the pH value from the chart on the sampling log sheet. 
 
5. Discard the used pH paper as trash. 
 
6. Discard the small volume of sample that was used for the pH measurement with the other 

investigative derived waste. 
 
6.5.2 Measurement of Specific Conductance 

6.5.2.1 General 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water.  It can also be used as 
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination. 
 
Conductivity is a numerical expression of the ability of a water sample to carry an electric current.  This 
value depends on the total concentration of ionized substances dissolved in the water and the 
temperature at which the measurement is made.  The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. 
 
It is important to obtain a specific conductance measurement soon after taking a sample because 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect 
specific conductance.  Most conductivity meters in use today display specific conductance in units of 
mS/cm, which is the conductivity normalized to a temperature of 25°C.  These are the required units to be 
recorded on the groundwater sample log field form or equivalent electronic form. 
 

6.5.2.2 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current.  In a direct-current field, the positive 
ions migrate toward the negative electrode, and the negatively charged ions migrate toward the positive 
electrode.  Most inorganic acids, bases, and salts such as hydrochloric acid, sodium carbonate, and 
sodium chloride, respectively, are relatively good conductors.  Conversely, organic compounds such as 
sucrose or benzene, which do not dissociate in aqueous solution, conduct a current very poorly if at all. 
 
A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance.  The ratio of current applied to voltage across the cell may also 
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be used as a measure of conductance.  The core element of the apparatus is the conductivity cell 
containing the solution of interest.  Depending on the ionic strength of the aqueous solution to be tested, 
a potential difference is developed across the cell, which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 
 

6.5.2.3 Equipment 

The following equipment is needed for taking specific conductance measurements: 
 

• Stand-alone portable conductivity meter or combination meter equipped with an in-line sample 
chamber (e.g., YSI 600 series and Horiba U-22). 

 

• Calibration solution, as specified by the manufacturer. 
 

• Manufacturer's operation manual. 
 
A variety of conductivity meters are available that may also be used to monitor salinity and temperature.  
Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirements of 
the sampling program. 

6.5.2.4 Measurement Techniques for Specific Conductance 

The steps involved in taking specific conductance measurements are as follows (calibration shall be 
conducted according to manufacturer's instructions): 
 
1. Check batteries and calibrate instrument before going into the field. 
 
2. Calibrate on a daily use basis (or as recommended by manufacturer), according to the manufacturer's 

instructions and record all pertinent information on a water quality meter calibration log sheet or 
equivalent electronic form.  Potassium chloride solutions with a specific conductance closest to the 
values expected in the field shall be used for calibration.   

 
3. Rinse the cell with one or more portions of the sample to be tested or with deionized water and shake 

excess water from the cell. 
 
4. Immerse the electrode in the sample and measure the conductivity.   
 
5. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form.   
 
6. Rinse the electrode with deionized water. 
 
If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer's instructions for troubleshooting assistance. 
 
6.5.3 Measurement of Temperature 

6.5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological 
action in a water sample.  It can also be used to trace the flow direction of contaminated groundwater.  
Temperature measurements shall be taken in situ, or as quickly as possible in the field because collected 
water samples may rapidly equilibrate with the temperature of their surroundings.   
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6.5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercury-filled, dial-type thermometers or 
combination meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).  In 
addition, various meters such as specific conductance or DO meters that have temperature measurement 
capabilities may also be used.  Using such instrumentation along with suitable probes and cables, in-situ 
measurements of temperature at great depths can be performed. 
 

6.5.3.3 Measurement Techniques for Water Temperature 

If a thermometer is used to determine the temperature for a water sample, use the following procedure: 
 
1. Immerse the thermometer in the sample until temperature equilibrium is obtained (1 to 3 minutes).  To 

avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples that 
will undergo subsequent chemical analysis. 

 
2. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 
 
If a temperature meter or probe is used: 
 
1. Calibrate the instrument according to manufacturer's recommendations prior to use. 
 
2. Immerse the meter/probe in the sample until temperature equilibrium is obtained (1 to 3 minutes).  To 

avoid the possibility of cross-contamination, the meter/probe shall not be inserted into samples that 
will undergo subsequent chemical analysis. 

 
3. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 
 
6.5.4 Measurement of Dissolved Oxygen 

6.5.4.1 General 

DO levels in natural water and wastewater depend on the physical, chemical and biochemical activities in 
the water body.  In addition, the growth of many aquatic organisms and the rate of corrosivity are 
dependent on DO concentrations.  Thus, analysis for DO is a key test in water pollution and waste 
treatment process control.  If at all possible, DO measurements shall be taken in situ because 
concentrations may show a large change in a short time if the sample is not adequately preserved. 
 
The monitoring method discussed herein is limited to the use of DO meters.  Chemical methods of 
analysis (i.e., Winkler methods) are available but require more equipment and greater sample 
manipulation.  Furthermore, DO meters using a membrane electrode are suitable for highly polluted 
waters because the probe is completely submersible and is not susceptible to interference caused by 
color, turbidity, or colloidal material or suspended matter. 
 

6.5.4.2 Principles of Equipment Operation 

DO probes are normally electrochemical cells that have two solid metal electrodes of different nobility 
immersed in an electrolyte.  The electrolyte is retained by an oxygen-permeable membrane.  The metal of 
highest nobility (the cathode) is positioned at the membrane.  When a suitable potential exists between 
the two metals, reduction of oxygen to hydroxide ion (OH-) occurs at the cathode surface.  An electrical 
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current is developed that is directly proportional to the rate of arrival of oxygen molecules at the cathode.  
This rate is proportional to the oxygen concentration in the water being measured. 
 
Because the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane.  
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained.  It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface.  Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface.  To avoid this possibility, some 
probes are equipped with stirrers to agitate the solution near the probe, leaving the surface of the solution 
undisturbed. 
 
DO probes are relatively unaffected by interferences.  Interferences that can occur are reactions with 
oxidizing gases such as chlorine or with gases such as hydrogen sulfide that are not easily depolarized 
from the indicating electrode.  If a gaseous interference is suspected, it shall be noted in the field logbook 
and checked if possible.  Temperature variations can also cause interference because probes exhibit 
temperature sensitivity.  Automatic temperature compensation is normally provided by the manufacturer.  
This compensation can counteract some of the temperature effects but not all of them. 
 

6.5.4.3 Equipment 

The following equipment is needed to measure DO concentrations: 
 

• A stand-alone portable DO meter or combination meter equipped with an in-line sample chamber 
(e.g., YSI 600 series and Horiba U-22). 

 

• Sufficient cable to allow the probe to contact the sample. 
 

• Manufacturer's operation manual. 
 

6.5.4.4 Measurement Techniques for Dissolved Oxygen Determination 

DO probes differ as to instructions for use.  Follow the manufacturer's instructions to obtain an accurate 
reading.  The following general steps shall be used to measure DO concentrations: 
 
1. Check the DO meter batteries before going to the field. 
 
2. Condition the probe in a water sample for as long a period as practical before use in the field.  Long 

periods of dry storage followed by short periods of use in the field may result in inaccurate readings. 
 
3. Calibrate the instrument in the field according to manufacturer's recommendations or in a freshly air-

saturated water sample of known temperature.   
 
4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 

form. 
 
5. Rinse the probe with deionized water. 
 
6. Immerse the probe in the sample.  Be sure to provide for sufficient flow past the membrane by stirring 

the sample.  Probes without stirrers placed in wells may be moved up and down to achieve the 
required mixing. 
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7. Record the DO content and temperature of the sample in a field logbook or on a sample log sheet or 
equivalent electronic form. 

 
8. Rinse the probe with deionized water. 
 
9. Recalibrate the probe when the membrane is replaced, or as needed.  Follow the manufacturer's 

instructions. 
 
Note that in-situ placement of the probe is preferable because sample handling is not involved.  This 
however may not always be practical.   
 
Special care shall be taken during sample collection to avoid turbulence that can lead to increased 
oxygen solubilization and positive test interferences. 
 
6.5.5 Measurement of Oxidation-Reduction Potential 

6.5.5.1 General 

ORP provides a measure of the tendency of organic or inorganic chemicals to exist in an oxidized state.  
The ORP parameter therefore provides evidence of the likelihood of anaerobic degradation of 
biodegradable organics or the ratio of activities of reduced to oxidized species in the sample. 
 

6.5.5.2 Principles of Equipment Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at 
that electrode depending on the ions present in the solution.  If a reference electrode is placed in the 
same solution, an ORP electrode pair is established.  This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in solution.  
By this measurement, the ability to oxidize or reduce species in solution may be determined.  
Supplemental measurements, such as DO, may be correlated with ORP to provide knowledge of the 
quality of the solution, water, or wastewater. 
 

6.5.5.3 Equipment 

The following equipment is needed for measuring the ORP of a solution: 
 

• A combination meter with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22). 
 

• Reference solution as specified by the manufacturer. 
 

• Manufacturer's operation manual. 
 

6.5.5.4 Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring ORP: 
 
1. Check the equipment using the manufacturer's recommended reference solution and check its 

batteries before going to the field. 
 
2. Thoroughly rinse the electrode with deionized water. 
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3. If the probe does not respond properly to the recommended reference solution, verify the sensitivity of 

the electrodes by noting the change in millivolts when the pH of a test solution is altered.  The ORP 
will increase when the pH of a test solution decreases, and the ORP will decrease when the test 
solution pH is increased.  Place the sample in a clean container and agitate the sample.  Insert the 
electrodes and note that the ORP drops sharply when the caustic is added (i.e., pH increases) thus 
indicating that the electrodes are sensitive and operating properly.  If the ORP increases sharply 
when the caustic is added, the polarity is reversed and must be corrected in accordance with the 
manufacturer's instructions or the probe should be replaced.   

 
4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 

form. 
 

6.5.6 Measurement of Salinity 

6.5.6.1 General 

Salinity is a unitless property of industrial and natural waters.  It is the measurement of dissolved salts in 
a given mass of solution.  Most field meters determine salinity automatically from conductivity and 
temperature.  The displayed value will be displayed in either parts per thousand (ppt) or percent (e.g., 35 
ppt equals 3.5 percent). 
 

6.5.6.2 Principles of Equipment Operation 

Salinity is determined automatically from the meter's conductivity and temperature readings according to 
algorithms (such as are found in Standard Methods for the Examination of Water and Wastewater).  
Depending on the meter, the results are displayed in either ppt or percent.  The salinity measurements 
are carried out in reference to the conductivity of standard seawater (corrected to salinity = 35 ppt). 
 

6.5.6.3 Equipment 

The following equipment is needed for salinity measurements: 
 

• A multi-parameter water quality meter capable of measuring conductivity and temperature and 
converting them to salinity (e.g., Horiba U-22 or YSI 600 series). 

 

• Calibration solution as specified by the manufacturer. 
 

• Manufacturer's operation manual. 
 

6.5.6.4 Measurement Techniques for Salinity 

The steps involved in taking salinity measurements are as follows (standardization shall be conducted 
according to manufacturer's instructions): 
 
1. Check the expiration date of the solutions used for field calibration and replace them if they are 

expired. 
 
2. Check batteries and calibrate the meter before going into the field. 
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3. Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent 
information on a water quality meter calibration log sheet or equivalent electronic form. 

 
4. Rinse the cell with the sample to be tested. This is typically accomplished as the probe is placed in 

line during the collection of the purge water up to the time of sample acquisition. 
 
5. Immerse the multi-probe in the sample and measure the salinity.  Read and record the results in a 

field logbook or on a sample log sheet or equivalent electronic form. 
 
6. Rinse the probes with deionized water. 
 
6.5.7 Measurement of Turbidity 

6.5.7.1 General 

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather 
than transmitted in a straight line through the sample.  Turbidity in water is caused by suspended matter 
such as clay, silt, or other finely divided organic and inorganic matter and microscopic organisms 
including plankton.   
 
It is important to obtain a turbidity reading immediately after taking a sample because irreversible 
changes in turbidity may occur if the sample is stored too long. 
 

6.5.7.2 Principles of Equipment Operation 

Turbidity is measured by the Nephelometric Method, which is based on a comparison of the intensity of 
light scattered by the sample under defined conditions with the intensity of light scattered by a standard 
reference suspension under the same conditions.  The higher the scattered light intensity, the higher the 
turbidity. 
 
Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid 
natural water.  The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units.  This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle turbidimeter.  Therefore, nephelometric turbidity units (NTUs) based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical to 
them. 
 

6.5.7.3 Equipment 

The following equipment is needed for turbidity measurements: 
 

• A turbidity meter (e.g., LaMotte 2020) that calibrates easily using test cells with standards of 0.0, 1.0, 
and 10 NTUs, or a combination meter equipped with an in-line sample chamber (e.g., YSI 600 series 
and Horiba U-22). 

 

• Calibration solution and sample tubes, as specified by the manufacturer. 
 

• Manufacturer's operation manual. 
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6.5.7.4 Measurement Techniques for Turbidity 

The steps involved in taking turbidity measurements utilizing an electrode (e) or light meter (l) are listed 
below (standardization shall be done according to manufacturer's instructions): 
 
1. Check the expiration date of the solutions used for field calibration and replace them if they are 

expired. 
 
2. Check batteries and calibrate the instrument before going into the field. 
 
3. Calibrate on a daily basis according to the manufacturer's instructions, and record all pertinent 

information on a turbidity meter calibration log sheet (Attachment C) or equivalent electronic form. 
 
4. When using the YSI and/or Horiba U-22, rinse the electrode with one or more portions of the sample 

to be tested or with deionized water. 
 
5. When using the Lamotte 2020, fill the light meter’s glass test cell with approximately 5 mL of sample, 

screw on the cap, wipe off glass to remove all residue that could intercept the instrument’s light beam, 
place the test cell in the light meter, and close the lid. 

 
6. Immerse the electrode in the sample and measure the turbidity.   
 
7. The reading must be taken immediately because suspended solids will settle over time resulting in a 

lower, inaccurate turbidity reading. 
 
8. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form.  

Include a physical description of the sample, including color, qualitative estimate of turbidity, etc. 
 
9. Rinse the electrode or test cell with deionized water.  

 

6.6 Sampling 

6.6.1 Sampling Plan 

The sampling approach consisting of the following shall be developed as part of the project planning 
documents approved prior to beginning work in the field: 
 

• Background and objectives of sampling. 
 

• Brief description of area and waste characterization. 
 

• Identification of sampling locations, with map or sketch, and applicable well construction data (well 
size, depth, screened interval, reference elevation). 

 

• Intended number, sequence, volumes, and types of samples.  If the relative degree of contamination 
between wells is insignificant, a sampling sequence that facilitates sampling logistics may be 
followed.  Where some wells are known or strongly suspected of being highly contaminated, these 
shall be sampled last to reduce the risk of cross-contamination between wells.  In situations where 
the well is not well-characterized and the nature or extent of airborne contamination is unknown, it is 
recommended that head space analysis using a photoionization detector (PID) or flame ionization 
detector (FID) is performed to rate the wells, sampling from least contaminated to most contaminated.  
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Refer to the project-specific HASP for appropriate information and direction on air monitoring 
requirements. 

 

• Sample preservation requirements. 
 

• Work schedule. 
 

• List of team members. 
 

• List of observers and contacts. 
 

• Other information, such as the necessity for a warrant or permission of entry, requirements for split 
samples, access problems, location of keys, etc. 

 

• The FOL shall ensure that the sampling method(s) to be employed is accurately represented in the 
HASP, indicating the types of sampling to be employed and the hazards.  If the methods are not 
accurately represented, the FOL should rectify this with the HASP author. 

 

• The FOL shall ensure that sampling teams understand the sampling approach that they are to follow. 
Where sampling teams are made up of personnel from multiple locations, personal sampling 
experiences may vary. Therefore the FOL shall review project-specific requirements, SOPs, and 
protocol to be followed.  The FOL will conduct periodic surveys to ensure that these methods are 
being completed per his/her direction. 

 
6.6.2 Sampling Methods as Related to Low-Flow Sampling 

The collection of a groundwater sample consists of the following steps: 
 
1. Ensure the safety of the sample location. Take a few minutes to evaluate the area for physical 

hazards (trip hazards, uneven ground, overhanging branches, etc.) and natural hazards (snakes, 
bees, spiders, etc.) that may exist in the area or that may have constructed nests in the well head. 
Snakes often like to sun themselves on concrete well pads.  Follow provisions in the project-specific 
HASP and/or HSGM for addressing natural hazards. 

 
2. As indicated earlier, some monitoring wells have the potential to contain pressurized headspace (e.g., 

through the generation of gases form contaminated groundwater, due to biological processes, 
degradation of contaminants, or simply based on location such as near a landfill or in areas that 
intersect lithological abnormalities) or through intentional artificial means such as those associated 
with air sparging systems.  Injection or extraction wells may be artificially pressurized and may remain 
so for several days after the system has been turned off.  This presents a hazard to people opening 
these wells. The Field Sampling Technician shall employ the following practices to minimize these 
hazards: 

 

• Wear safety glasses to protect the eyes.  If site-specific observations and conditions indicate that 
the wells may be pressurized, wear a full-face shield over the safety impact eye protection. 

 

• DO NOT place your face or any other part of your body over the well when opening because this 
may place you in a strike zone.  

 

• Open the well cover at arms length, then step away and allow the well to off gas and stabilize. 
 
Follow directions provided in the project-specific HASP, Work Plan and/or Sampling Plan pertaining 
to  the use of volatile chemical detection equipment (PID or FID) within the breathing zone of the 
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sampler during sampling to determine the need to retreat from the work area and/or for the use of 
respiratory protection (as specified in the HASP). 
 

3. When proper respiratory protection has been donned, sound the well for total depth and water level 
(using clean equipment) and record these data on a groundwater sampling log sheet or equivalent 
electronic form; then calculate the fluid volume in the well pipe (as previously described in this SOP).  
It is imperative that downhole equipment be adequately decontaminated between wells to prevent 
cross-contamination.  Just as sampling occurs from the least contaminated to the most contaminated, 
it is also recommended that groundwater level measurements be taken in this manner. 

 
4. Calculate volume of well water to be removed as described in Section 6.3. 
 
5. Select the appropriate purging equipment (see Attachment A to this SOP) or as designated within 

your Work Plan/Sampling Plan.  If an electric submersible pump with packer is chosen, go to Step 10. 
 
6. Lower the purging equipment or intake into the well to a short distance below the water level or mid-

screen as indicated in project-specific documentation and begin water removal.  Remember that 
some contaminants are "bottom dwellers," and in these cases, project-specific direction may specify 
placing the intake just above (1 to 2 feet) the well bottom.  Secure the pump intake at the well and 
secure the effluent at the collection container and begin pumping.  The pumping rate will be 
determined based on the decrease in the water level (see Section 6.7) or as directed in your project-
specific documents or this SOP.  Purge water is generally collected in a 5-gallon bucket or similar 
open- or closed-top container.  To minimize the potential for spills and back injuries, do not fill 5-
gallon buckets beyond approximately 80 percent of their capacity.  Dispose of purge water was as 
indicated in the planning document(s).  Where necessary, slow the pumping rate or lower the pump 
intake as required to maintain submergence. 

 
7. Estimate the approximate rate of discharge frequently and record it on the Low Flow Purge Data 

Sheet (see Attachment D).  Estimate flow rate by noting the amount of discharge in a bucket or 
graduated cylinder per unit time using a watch with a second hand or a stopwatch.   

 
8. Observe the peristaltic pump tubing intake for degassing "bubbles."  If bubbles are abundant and the 

intake is fully submerged, this pump is not suitable for collecting samples for volatile organics.  
 
9. Purge a minimum of three to five casing volumes before sampling (or as directed by the site-specific 

SAP).  In low-permeability strata (i.e., if the well is pumped to dryness), one volume will suffice.  Allow 
the well to recover to 75 percent of initial water level before sampling.  Do not overfill purge 
containers because this increases the potential for spills and lifting injuries. 

 
10. If sampling using a submersible pump, lower the pump intake to mid-screen (or the middle of the 

open section in uncased wells) and collect the sample.  If sampling with a bailer, lower the bailer to 
just below the water surface.   

 
11. For pump and packer assemblies only:  Lower the assembly into the well so that the packer is 

positioned just above the screen or open section.  Inflate the packer.  Purge a volume equal to at 
least twice the screened interval (or unscreened open section volume below the packer) before 
sampling.  Packers shall always be tested in a casing section above ground to determine proper 
inflation pressures for good sealing. 

 
12. If the recovery time of the well is very slow (e.g., 24 hours or greater), sample collection can be 

delayed until the following day.  If the well has been purged early in the morning, sufficient water may 
be standing in the well by the day's end to permit sample collection.  If the well is incapable of 
producing a sufficient volume of sample at any time, take the largest quantity available and record 
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this occurrence in the site logbook or equivalent electronic form.  When this occurs, contact the 
analytical laboratory to alert them that a reduced sample volume(s) will be submitted for analysis. 

 
13. Fill sample containers and preserve and label them as described in SOP SA-6.1.  Many sample 

bottles will contain preservative when they are shipped to the field.  In those cases, do not add 
preservative. 

 
14. Replace the well cap and lock it as appropriate.  Make sure the well is readily identifiable as the 

source of the sample. 
 
15. Process sample containers as described in SOP SA-6.1. 
 
16. Decontaminate equipment as described in SOP SA-7.1. 
 

6.7 Low-Flow Purging and Sampling 

6.7.1 Scope and Application 

Low-flow purging and sampling techniques may be required for groundwater sampling activities.  The 
purpose of low-flow purging and sampling is to collect groundwater samples that contain "representative" 
amounts of mobile organic and inorganic constituents in the vicinity of the selected open well interval, at 
or near natural flow conditions.  This minimum-stress procedure emphasizes negligible water level 
drawdown and low pumping rates to collect samples with minimal alterations in water chemistry.  This 
procedure is designed primarily to be used in wells with a casing diameter of 1 inch or more and a 
saturated screen length, or open interval, of 10 feet or less.  Samples obtained are suitable for analyses 
of common types of groundwater contaminants (volatile and semivolatile organic compounds, pesticides, 
polychlorinated biphenyls [PCBs], metals and other inorganic ions [cyanide, chloride, sulfate, etc.]).  This 
low-flow procedure is not designed for collection of non-aqueous phase liquid samples from wells 
containing light or dense non-aqueous phase liquids (LNAPLs or DNAPLs). 
 
This procedure is flexible for various well construction types and groundwater yields.  The goal of the 
procedure is to obtain a turbidity level of less than 10 NTUs and to achieve a water level drawdown of 
less than 0.3 foot during purging and sampling.  If these goals cannot be achieved, sample collection can 
take place provided that the remaining criteria in this procedure are met. 
 
6.7.2 Equipment 

The following equipment is required (as applicable) for low-flow purging and sampling: 
 

• Adjustable rate submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel or 
Teflon).   

 

• Disposable clear plastic bottom-filling bailers to be used to check for and obtain samples of LNAPLs 
or DNAPLs. 

 

• Tubing – Teflon, Teflon-lined polyethylene, polyethylene, polyvinyl chloride (PVC), Tygon, or stainless 
steel tubing can be used to collect samples for analysis, depending on the analyses to be performed 
and regulatory requirements. 

 

• Water level measuring device with 0.01-foot accuracy (electronic devices are preferred for tracking 
water level drawdown during all pumping operations). 

 



 Subject 
 GROUNDWATER SAMPLE  

 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Number 
 SA-1.1 

Page 
 26 of 34 

Revision 
 8 

Effective Date 

 01/2012 

 

019611/P Tetra Tech, Inc. 

• Interface probe. 
 

• Flow measurement supplies. 
 

• Power source (generator, nitrogen tank, etc.).  If a gasoline generator is used, it must be located 
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

 

• Indicator parameter monitoring instruments – pH, turbidity, specific conductance, and temperature.  
Use of a flow-through cell is recommended.  Optional indicators - ORP, salinity, and DO.  A flow-
through cell (also referred to as an in-line sample chamber) is required. 

 

• Standards to perform field calibration of instruments. 
 

• Decontamination supplies. 
 

• Logbook(s) and other forms (see Attachments B through D) or equivalent electronic form(s). 
 

• Sample bottles. 
 

• Sample preservation supplies (as required by the analytical methods). 
 

• Sample tags and/or labels. 
 

• Well construction data, location map, field data from last sampling event (if available). 
 

• Field Sampling Plan. 
 

• PID or FID instrument for measuring volatile organic compounds (VOCs) per the HASP. 
 
6.7.3 Purging and Sampling Procedure 

1. Open the monitoring well as stated earlier and step away.  Prepare sampling equipment while 
allowing 3 to 5 minutes to allow the water level to reach equilibrium.  In situations where VOCs are 
the primary contaminants of concern, air monitoring of the samplers' breathing zone areas may be 
required by the HASP (typically with a PID or FID).   

 
2 Measure the water level immediately prior to placing the pump in the well and record the water level 

on the Low-Flow Purge Data Form or equivalent electronic form immediately prior to placing the 
pump or tubing into the well. 

 
3. Lower the measuring device further into the well to collect the total depth measurement.  Again wait 3 

to 5 minutes to allow the well to equilibrate to the initial water level prior to placing the pump or pump 
intake in the well.   

 
4. Record the total well depth on the Low-Flow Purge Data Form or equivalent electronic form 

immediately prior to placing the pump or tubing into the well 
 
5. Lower the pump or tubing slowly into the well so that the pump intake is located at the center of the 

saturated screen length of the well.  If possible, keep the pump intake at least 2 feet above the bottom 
of the well to minimize mobilization of sediment that may be present in the bottom of the well.  
Collection of turbidity-free water samples may be difficult if there is 3 feet or less of standing water in 
the well. 
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6. Start with the initial pump rate set at approximately 0.1 liter per minute.  Use a graduated cylinder and 

stopwatch to measure the pumping rate.  Adjust the pumping rates as necessary to prevent 
drawdown from exceeding 0.3 foot during purging.  If no drawdown is noted, the pump rate may be 
increased (to a maximum of 0.4 liter per minute) to expedite the purging and sampling event.  The 
pump rate will be reduced if turbidity is greater than 10 NTUs after all other field parameters have 
stabilized.  If groundwater is drawn down below the top of the well screen, purging shall cease or the 
well shall be pumped to dryness and then allowed to recover before purging continues.  Well recovery 
to 75 percent is necessary prior to sampling.  Slow-recovering wells should be identified and purged 
at the beginning of the workday to maximize field work efficiency.  If possible, samples should be 
collected from these wells within the same workday and no later than 24 hours after the end of 
purging.  

 
7. Measure the water level in the well every 5 to 10 minutes using the water level meter.  Record the 

well water level on the Low Flow Purge Data Form (Attachment D) or equivalent electronic form. 
8. Record on the Low Flow Purge Data Form every 5 to 10 minutes the water quality parameters (pH, 

specific conductance, temperature, turbidity, ORP, DO, and salinity or as specified by the approved 
site-specific planning document) measured by the water quality meter and turbidity meter.  If the cell 
needs to be cleaned during purging operations, continue pumping (allow the pump to discharge into a 
container) and disconnect the cell.  Rinse the cell with distilled/deionized water.  After cleaning is 
completed, reconnect the flow-through cell and continue purging.  Document the cell cleaning on the 
Low-Flow Purge Data Form or equivalent electronic form. 

 
9. Estimate the flow rate by noting the amount of discharge in a graduated cylinder per unit time using a 

watch with a second hand.  Remeasure the flow rate any time the pump rate is adjusted and 
periodically during purging. This will determine if a reduction in rate has occurred due to possible 
battery depletion. 

 
10. During purging, check for the presence of bubbles in the flow-through cell.  The presence of bubbles 

is an indication that connections are not tight.  If bubbles are observed, check for loose connections 
and tighten, repair, or replace them as necessary to achieve a tight connection. 

 
11. Wait until stabilization is achieved, or a minimum of two saturated screen volumes have been 

removed and three consecutive readings, taken at 5 to 10 minute intervals, are within the following 
limits, then begin sampling: 

 

• pH ±0.2 standard units 

• Specific conductance ±10% 

• Temperature ±10% 

• Turbidity less than 10 NTUs 

• DO ±10% 
 
12. If the above conditions have not been met after the well has been purged for 4 hours, purging will be 

considered complete and sampling can begin.  Record the final well stabilization parameters from the 
Low-Flow Purge Data Form onto the Groundwater Sample Log Form or equivalent electronic form. 

 
NOTE: VOC samples are preferably collected first, directly into pre-preserved sample containers.  Fill all 
sample containers by allowing the pump discharge to flow gently down the inside of the container with 
minimal turbulence. 
 
13. If the water column in the pump tubing collapses (water does not completely fill the tubing) before 

exiting the tubing, use one of the following procedures to collect VOC samples: 
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• Collect samples for non-VOC analyses first, then increase the flow rate incrementally until the 
water column completely fills the tubing, collect the sample for VOCs, and record the new flow 
rate. 

 

• Reduce the diameter of the existing tubing until the water column fills the tubing either by adding 
a connector (Teflon or stainless steel) or clamp, which should reduce the flow rate by constricting 
the end of the tubing.  Proceed with sample collection. 

 

• Insert a narrow-diameter Teflon tube into the pump's tubing so that the end of the tubing is in the 
water column and the other end of the tubing protrudes beyond the pump's tubing, then collect 
the sample from the narrow diameter tubing. 

 

• Prepare samples for shipping as per SOP SA-6.1. 
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ATTACHMENT A 
 

PURGING EQUIPMENT SELECTION 
 

Diameter Casing Bailer Peristaltic 
Pump 

Vacuum 
Pump 

Air-lift Diaphragm 
"Trash" 
Pump 

Submersible 
Diaphragm 

Pump 

Submersible 
Electric Pump 

Submersible 
Electric Pump 

w/Packer 

1.25-Inch Water level 
<25 feet 

X X X X X    

 Water Level 
>25 feet 

X   X     

2-Inch Water level 
<25 feet 

X X X X X X   

 Water Level 
>25 feet 

X   X  X   

4-Inch Water level 
<25 feet 

X X X X X X X X 

 Water Level 
>25 feet 

X   X  X X X 

6-Inch Water level 
<25 feet 

   X X  X X 

 Water Level 
>25 feet 

   X   X X 

8-Inch Water level 
<25 feet 

   X X  X X 

 Water Level 
>25 feet 

   X   X X 

 



ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

PAGE 2 

Manufacturer Model 
Name/Number 

Principle of 
Operation 

Maximum 
Outside 

Diameter/L 
ength 

(Inches) 

Construction 
Materials (w/Lines 

and Tubing) 

Lift 
Range 

(ft) 

Delivery Rates 
or Volumes 

1982 
Price 

(Dollars) 

Comments 

BarCad 	Systems, 
Inc. 

BarCad Sampler Dedicated; 	gas 
drive 	(positive 
displacement) 

1.5/16 PE, 	brass, 	nylon, 
aluminum oxide 

0-150 
with std. 
tubing 

1 	liter for each 
10-15 feet 	of 
submergence 

$220-350 Requires compressed gas; custom sizes and 
materials available; acts as piezometer. 

Cole-Parmer 	Inst. Master Flex 7570 Portable; <1.0/NA (not submersible) 0-30 670 	mUmin $500-600 AC/DC; 	variable 	speed 	control 	available; 
Co. Portable Sampling peristaltic Tygon®, 	silicone with 	7015- other models may have different flow rates. 

Pump (suction) Viton® 20 pump head 

ECO Pump Corp. SAMPLifier Portable; venturi <1.5 or PP, PE, PVC, SS, 0-100 0-500 	mUmin $400-700 AC, DC, or gasoline-driven motors available; 
<2.0/NA Teflon®, Tefzel® depending 	on 

lift 
must be primed. 

Geltek Corp. Bailer 219-4 Portable; 	grab 1.66/38 Teflon® No limit 1,075 mL $120-135 Other sizes available. 
(positive 
displacement) 

GeoEngineering, 
Inc. 

GEO-MONITOR Dedicated; 	gas 
drive 	(positive 
displacement) 

1.5/16 PE, 	PP, 	PVC, 
Viton® 

Probably 
0-150 

Approximately 
1 liter 	for each 
10 feet 	of 
submergence 

$185 Acts as piezometer; requires compressed 
gas. 

Industrial 	and Aquarius Portable; 	bladder 1.75/43 SS, Teflone, Viton® 0-250 0-2,800 mUmin $1,500- Requires 	compressed 	gas; 	other 	models 
Environmental 
Analysts, Inc. (IEA) 

(positive 
displacement) 

3,000 available; 	AC, 	DC, 	manual 	operation 
possible. 

lEA Syringe Sampler Portable; 	grab 
(positive 
displacement) 

1.75/43 SS, Teflon® No limit 850 	mL 
sample volume 

$1,100 Requires vacuum and/or pressure from hand 
pump. 

Instrument 
Specialties 	Co. 
(ISCO) 

Model 	2600 
Well Sampler 

Portable; 	bladder 
(positive 
displacement) 

1.75/50 PC, 	silicone, 
Teflon®, 	PP, 	PE, 
Detrin®, acetal 

0-150 0-7,500 mUmin $990 Requires compressed gas (40 psi minimum). 

Keck 	Geophysical 
Instruments, Inc. 

SP-81 
Submersible 
Sampling Pump 

Portable; 	helical 
rotor 	(positive 
displacement) 

1.75/25 SS, 	Teflon®, 	PP, 
EPDM, Viton® 

0-160 0-4,500 mUmin $3,500 DC operated. 

Leonard Mold and GeoFilter 	Small Portable; 	bladder 1.75/38 SS, 	Teflon®, 	PC, 0-400 0-3,500 mUmin $1,400- Requires compressed gas (55 psi minimum); 
Die Works, Inc. Diameter 	Well 

Pump (#0500) 
(positive 
displacement) 

Neoprene® 1,500 pneumatic or AC/DC control module. 

Oil 	Recovery 
Systems, Inc. 

Surface Sampler Portable; 	grab 
(positive 
displacement) 

1.75/12 acrylic, Detrin® No limit Approximately 
250 mL 

$125-160 Other materials and models available; for 
measuring 	thickness 	of 	"floating" 
contaminants. 

Q.E.D. 
Environmental 
Systems, Inc. 

Well 	Wizard® 
Monitoring System 
(P-100) 

Dedicated; 
bladder 	(positive 
displacement) 

1.66/36 PVC 0-230 0-2,000 mUmin $300-400 Requires compressed gas; piezometric level 
indicator; other materials available. 

 
S

u
b
je

c
t 

 
G

R
O

U
N

D
W

A
T

E
R

 S
A

M
P

L
E

  

 
A

C
Q

U
IS

IT
IO

N
 A

N
D

 O
N

S
IT

E
  

 
W

A
T

E
R

 Q
U

A
L
IT

Y
 T

E
S

T
IN

G
 

N
u
m

b
e
r 

 
S

A
-1

.1
 

P
a
g
e 

 
3
0
 o

f 3
4

 

R
e
vis

io
n 

 
8
 

E
ffe

ctive
 D

a
te

 

 
0
1
/2

0
1
2
 

 

0
1
9
6
1
1
/P

 
T

e
tra

 T
e
c
h
, In

c
. 

 



ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

PAGE 3 

Manufacturer Model 
Name/Number 

Principle of 
Operation 

Maximum 
Outside 

Diameter/L 
ength 

(Inches) 

Construction Materials 
(w/Lines and Tubing) 

Lift Range 
(ft) 

Delivery Rates or 
Volumes 

1982 
Price 

(Dollars) 

Comments 

Randolph 	Austin Model 	500 Portable; 	peristaltic <0.5/NA (Not submersible) 0-30 See comments $1,200- Flow rate dependent on motor and 
Co. Vari-Flow Pump (suction) Rubber, 	Tygon®, 	or 

Neoprene® 
1,300 tubing selected; AC operated; other 

models available.  
Robert 	Bennett Model 180 Portable; 	piston 1.8/22 SS, Teflon®, Delrin® PP, 0-500 0-1,800 mUmin $2,600- Requires compressed gas; water level 
Co. (positive 

displacement) 
Viton®, acrylic, PE 2,700 indicator 	and 	flow 	meter; 	custom 

models available. 

Slope 	Indicator Model 	514124 Portable; 	gas 	drive 1.9/18 PVC, nylon 0-1,100 250 	mUflushing $250-350 Requires 	compressed 	gas; 	SS 
Co. (SINCO) Pneumatic 

Water Sampler 
(positive 
displacement) 

cycle available; piezometer model available; 
dedicated model available. 

Solinst 	Canada 5W 	Water Portable; 	grab 1.9/27 PVC, 	brass, 	nylon, 0-330 500 mL $1,300- Requires compressed 	gas; 	custom 
Ltd. Sampler (positive 

displacement) 
Neoprene® 1,800 models available. 

TIMCO Mfg. Co., 
Inc. 

Std. Bailer Portable; 	grab 
(positive 
displacement) 

1.66/Custo 
m 

PVC, PP No limit 250 	mUft 	of 
bailer 

$20-60 Other 	sizes, 	materials, 	models 
available; 	optional 	bottom-emptying 
device available; no solvents used. 

TIMCO Air or Gas 	Lift 
Sampler 

Portable; 	gas 	drive 
(positive 
displacement) 

1.66/30 PVC, Tygon®, Teflon® 0-150 350 	mUflushing 
cycle 

$100-200 Requires 	compressed 	gas; 	other 
sizes, materials, models available; no 
solvents used. 

Tole Devices Co. Sampling Pump Portable; 	bladder 1.38/48 SS, 	silicone, 	Delrin®, 0-125 0-4,000 mUmin $800- Compressed gas required; DC control 
(positive 
displacement) 

Tygon® 1,000 module; custom built. 

Construction Material Abbreviations: 

PE 	 Polyethylene 
PP 	 Polypropylene 
PVC 	 Polyvinyl chloride 
SS 	Stainless steel 
PC 	Polycarbonate 
EPDM 	Ethylene-propylene diene (synthetic rubber) 

Other Abbreviations: 

NA 	Not applicable 
AC 	Alternating current 
DC 	Direct current 

NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not meant to be 
all-inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature and/or personal communication. No skimmer, 
scavenger-type, or high-capacity pumps are included. 

Source: Barcelona et al., 1983. 
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GROUNDWATER SAMPLE LOG SHEET 
Tetra Tech 

Page 	of 

Project Site Name: 
Project No.: 

[ ] Domestic Well Data 
[x] Monitoring Well Data 
[ ] Other Well Type: 
[ ] OA Sample Type: 

Sample ID No.: 

Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
[X] Low Concentration 
[ ] High Concentration 

SAMPLING DATA: 

Date: Color 

Visual 

p1-1 

Standard 

S.C. 

rnSfem 

Temp. 

Degrees C 

Turbidity 

NM 

DO 

mg/i 

ORP 

mV 

Other 

NA Time: 

Method. 

PURGE DATA: 

Date: Volume pit S.C. Temp. (C) Turbidity DO ORP Other 

Method: 

Monitor Fieading (ppm): SEE LOW FLOW PURGE DATA SHEET 

Well Casing Diameter 8 Material 

Type: 

Total Well Depth (TO). 

Static Water Level (WL): 

One Casing Volume(gal/L): 

Start Purge (hrs): 

End Purge (hrs.): 

Total Purge Time (min): 

Total Vol. Purged (gal/L): 

SAMPLE c0400101CitilF0:111#11611: 
Analysis Preservative Container Requirements Collected 

OBSERVAIKATilialt$: 	
' Ili_  

igtoOr4ppipa)ble: 	gim Alpo ,isulA,  Signature(s): 

MSIMSD Duplicate ID No.: 

 Subject 
 GROUNDWATER SAMPLE  

 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Number 
 SA-1.1 

Page 
 32 of 34 

Revision 
 8 

Effective Date 
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ATTACHMENT B 
GROUNDWATER SAMPLE LOG SHEET 

 

 

  



Date Instrument Person Instrument Settings Instrument Readings Calibration Remarks 
of I.D. Performing Pre- Post- Pre- Post- Standard and 

Calibration Number Calibration calibration 	calibration calibration 	calibration (Lot No.) Comments 

*Tetra Tech 

PROJECT NAME: 

SITE NAME: 

PROJECT No.: 

 

EQUIPMENT CALIBRATION LOG 

INSTRUMENT NAME/MODEL: 

MANUFACTURER: 

 

  

 

SERIAL NUMBER: 

  

 Subject 
 GROUNDWATER SAMPLE  

 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Number 
 SA-1.1 

Page 
 33 of 34 

Revision 
 8 

Effective Date 

 01/2012 
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ATTACHMENT C 
EQUIPMENT CALIBRATION LOG 

 
 

 
 
 

  



WELL 10.7 

DATE: 
PROJECT SITE NAME: 
PROJECT NUMBER: 

PAGE OF SIGNATURE(S): 

LOW FLOW PURGE DATA SHEET 

, 
Time 

(171iSi.):11: 

Water Level 

 (Ft, below TOC) 

Flow 

On LAIirkt 

pH 

, iS.U.Y '2 

S. Cond. 

-'(mS/orta)x  

Turb. 

(NTU)>•  

DO 

(mg/L)" 

Temp. 

(Celc(ns) 

ORP 

""mV 

Salinity 

1/4  'OtPbt 
Comments 

Th 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information on Direct Push Technology 
(DPT).  DPT is designed to collect soil, groundwater, and soil gas samples without using conventional 
drilling techniques.  The advantage of using DPT over conventional drilling includes the generation of little 
or no drill cuttings, sampling in locations with difficult accessibility, reduced overhead clearance 
requirements, no fluid introduction during probing, and typical lower costs per sample than with 
conventional techniques.  Disadvantages include a maximum penetration depth of approximately 15 to 
40 feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological 
environments), reduced capability of obtaining accurate water-level measurements, and the inability to 
install permanent groundwater monitoring wells.  The methods and equipment described herein are for 
collection of surface and subsurface soil samples and groundwater samples.  Soil gas sampling is 
discussed in SOP SA-2.4. 
 
2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniques for DPT.  Review of 
the information contained herein will facilitate planning of the field sampling effort by describing standard 
sampling techniques.  The techniques described shall be followed whenever applicable, noting that site-
specific conditions or project-specific plans may require adjustments in methodology. 
 
3.0 GLOSSARY 

Direct Push Technology (DPT) - DPT refers to sampling tools and sensors that are driven directly into the 
ground without the use of conventional drilling equipment.  DPT typically utilizes hydraulic pressure 
and/or percussion hammers to advance the sampling tools.  A primary advantage of DPT over 
conventional drilling techniques is that DPT results in the generation of little or no investigation derived 
waste. 
 

Geoprobe7 - Geoprobe7 is a manufacturer of a hydraulically-powered, percussion/probing machines 

utilizing DPT to collect subsurface environmental samples.  Geoprobe7 relies on a relatively small amount 
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string.  The 

Geoprobe7 equipment can be mounted in a multitude of vehicles for access to all types of environmental 
sites. 
 

HydroPunchϑ - HydroPunchϑ is a manufacturer of stainless steel and Teflon7 sampling tools that are 
capable of collecting representative groundwater and/or soil samples without requiring the installation of a 

groundwater monitoring well or conventional soil boring.  HydroPunchϑ is an example of DPT sampling 
equipment. 
 
Flame Ionization Detector (FID) - A portable instrument for the measurement of many combustible 
organic compounds and a few inorganic compounds in air at parts-per million levels.  The basis for the 
detection is the ionization of gaseous species utilizing a flame as the energizing source.   
 
Photo Ionization Detector (PID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels.  The basis for the detection 
is the ionization of gaseous species utilizing ultraviolet radiation as the energizing source.   
 
4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for selecting and/or reviewing the appropriate DPT 
drilling procedure required to support the project objectives.   
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Field Operations Leader (FOL)- The FOL is primarily responsible for performing the DPT in accordance 
with the project-specific plan. 
 
5.0 SOIL SAMPLING PROCEDURES 

5.1 General 

The common methodology for the investigation of the vadose zone is soil boring drilling and soil 
sampling.  However, drilling soil borings can be very expensive.  Generally the advantage of DPT for 
subsurface soil sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times. 
 
5.2 Sampling Equipment 

Equipment needed for conducting DPT drilling for subsurface soil sampling includes, but is not limited to, 
the following: 
 

• Geoprobe® Sampling Kit 

• Cut-resistant gloves  

• 4-foot x 1.5-inch diameter macrocore sampler 

• Probe sampling adapters 

• Roto-hammer with 1.5-inch bit 

• Disposable acetate liners for soil macrocore sampler 

• Cast aluminum or steel drive points 

• Geoprobe® AT-660 Series Large Bore Soil Sampler, or equivalent 

• Standard decontamination equipment and solutions 
 
For health and safety equipment and procedures, follow the direction provided in the Safe Work Permit in 
Attachment 1, or the more detailed directions provided in the project's Health and Safety Plan. 
 
5.3 DPT Sampling Methodology 

There are several methods for the collection of soil samples using DPT drilling.  The most common 
method is discussed in the following section.  Variations of the following method may be conducted upon 
approval of the Project Manager in accordance with the project-specific plan. 
 

• Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground 
using hydraulic pressure.  If there is concrete or pavement over a sampling location, a Roto-hammer 
is used to drill a minimum 1.5-inch diameter hole through the surface material.  A Roto-hammer may 
also be used if very dense soils are encountered. 

 

• The sampler is advanced continuously in 4-foot intervals or less if desired.  No soil cuttings are 
generated because the soil which is not collected in the sampler is displaced within the formation. 

 

• The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer 
coring tube.  The sample is contained within an inner acetate liner. 

 

• Attach the metal trough from the Geoprobe® Sampling Kit firmly to the tail gate of a vehicle.  If a 
vehicle with a tail gate is not available, secure the trough on another suitable surface. 

 

• Place the acetate liner containing the soils in the trough. 
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• While wearing cut-resistant gloves (constructed of leather or other suitable material), cut the acetate 
liner through its entire length using the double-bladed knife that accompanies the Geoprobe® 
Sampling Kit.  Then remove the strip of acetate from the trough to gain access to the collected soils.  
Do not attempt to cut the acetate liner while holding it in your hand. 

 

• Field screen the sample with an FID or PID, and observe/examine the sample (according to SOP GH-
1.3).  If appropriate, transfer the sample to sample bottles for laboratory analysis.  If additional volume 
is required, push an additional boring adjacent to the first and composite/mix the same interval.  Field 
compositing is usually not acceptable for sample requiring volatile organics analysis. 

 

• Once sampling has been completed, the hole is backfilled with bentonite chips or bentonite cement 
grout, depending upon project requirements.  Asphalt or concrete patch is used to cap holes through 
paved or concrete areas.  All holes should be finished smooth to existing grade. 

 

• In the event the direct push van/truck cannot be driven to a remote location or a sampling location 
with difficult accessibility, sampling probes may be advanced and sampled manually or with 
air/electric operated equipment (e.g., jack hammer). 

 

• Sampling equipment is decontaminated prior to collecting the next sample. 
 
6.0 GROUNDWATER SAMPLING PROCEDURES 

6.1 General 

The most common methodology for the investigation of groundwater is the installation and sampling of 
permanent monitoring wells.  If only groundwater screening is required, the installation and sampling of 
temporary well points may be performed.  The advantage of temporary well point installation using DPT is 
reduced cost due to no or minimal disposal of drilling cuttings and well construction materials, and shorter 
installation/times sampling. 
 
Two disadvantages of DPT drilling for well point installation are: 
 

• In aquifers with low yields, well points may have to be sampled without purging or development. 

• If volume requirements are high, this method can be time consuming for low yield aquifers. 
 
6.2 Sampling Equipment 

Equipment needed for temporary well installation and sampling using DPT includes, but is not limited, to 
the following: 
 

• 2-foot x 1-inch diameter mill-slotted (0.005 to 0.02-inch) well point 

• Connecting rods 

• Roto-hammer with 1.5-inch bit 

• Mechanical jack 

• 1/4-inch OD polyethylene tubing 

• 3/8-inch OD polyethylene tubing 

• Peristaltic pump 

• Standard decontamination equipment and solutions 
 



 Subject 
 DIRECT PUSH TECHNOLOGY 
 (GEOPROBE®/HYDROPUNCH™) 

Number 
 SA-2.5 

Page 
 5 of 6 

Revision 
 4 

Effective Date 

 01/2012 

 

019611/P Tetra Tech, Inc. 

6.3 DPT Temporary Well Point Installation and Sampling Methodology 

There are several methods for the installation and sampling of temporary well points using DPT.  The 
most common methodology is discussed below.  Variations of the following method may be conducted 
upon approval of the Project Manager in accordance with the project specific plan. 
 

• A 2-foot x 1-inch diameter mill-slotted (0.005 to 0.02-inch) well point attached to connecting rods is 
driven into the ground to the desired depth using a rotary electric hammer or other direct push drill rig.  
If there is concrete or pavement over a sampling location, a Roto-hammer or electric coring machine 
is used to drill a hole through the surface material.  

 

• The well point will be allowed to equilibrate for at least 15 minutes, after which a measurement of the 
static water level will be taken.  The initial measurement of the water level will be used to assess the 
amount of water which is present in the well point and to determine the amount of silt and sand 
infiltration that may have occurred. 

 

• The well point will be developed using a peristaltic pump and polyethylene tubing to remove silt and 
sand which may have entered the well point.  The well point is developed by inserting polyethylene 
tubing to the bottom of the well point and lifting and lowering the tubing slightly while the pump is 
operating.  The pump will be operated at a maximum rate of approximately 2 liters per minute.  After 
removal of sediment from the bottom of the well point, the well point will be vigorously pumped at 
maximum capacity until discharge water is visibly clear and no further sediments are being 
generated.  Measurements of pH, specific conductance, temperature, and turbidity shall be recorded 
every 5 to 10 minutes during the purging process.  After two consistent readings of pH, specific 

conductance, temperature and turbidity (∀10 percent), the well may be sampled. 
 

• A sample will be collected using the peristaltic pump set at the same or reduced speed as during well 
development.  Samples (with the exception of the samples to be analyzed for volatile organic 
compounds, VOCs) will be collected directly from the pump discharge.  Sample containers for VOCs 
will be filled by (first shutting off the pump) crimping the discharge end of the sample tubing when 
filled, removing the inlet end of the sample tubing from the well, suspending the inlet tubing above the 
vial, and allowing water to fill each vial by gravity flow. 

 

• Once the groundwater sample has been collected, the connecting rods and well point will be removed 
from the hole with the direct push rig hydraulics.  The hole will be backfilled with bentonite chips or 
bentonite cement grout, depending upon project requirements.  Asphalt or concrete patch will be 
used to cap holes through paved or concrete areas.  All holes will be finished smooth to existing 
grade. 

 

• In the event the direct push van/truck cannot be driven to a remote location or sampling location with 
difficult accessibility, sampling probes may be advanced and sampled manually or with air/electric-
operated equipment (e.g., jack hammer). 

 

• Decontaminate the equipment before moving to the next location. 
 
7.0 RECORDS 

A record of all field procedures, tests, and observations must be recorded in the field logbook, boring 
logs, and sample log sheets, as needed.  Entries should include all pertinent data regarding the 
investigation.  The use of sketches and field landmarks will help to supplement the investigation and 
evaluation. 
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ATTACHMENT 1 
SAFE WORK PERMIT FOR DPT OPERATIONS 

 
Permit No.    Date:       Time:  From        to      

 
SECTION I:  General Job Scope   
 I. Work limited to the following (description, area, equipment used): Monitoring well drilling and installation 

through direct push technology    

 II. Required Monitoring Instruments:    

 III. Field Crew:        

        

 IV. On-site Inspection conducted   Yes        No     Initials of Inspector          
    Tetra Tech  
SECTION II:  General Safety Requirements (To be filled in by permit issuer) 
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Full face APR  Escape Pack  
  Level C    Level A   Half face APR  SCBA  
  Detailed on Reverse  SKA-PAC SAR  Bottle Trailer  
    Skid Rig  None  
Level D Minimum Requirements:  Sleeved shirt and long pants, safety footwear, and work gloves.   Safety glasses, 
hard hats, and hearing protection  will be worn when working near or sampling in the vicinity of the DPT rig.   
 

Modifications/Exceptions.   
 VI. Chemicals of Concern Action Level(s)  Response Measures 
          
          

 VII. Additional Safety Equipment/Procedures 
  Hard-hat ................................      Yes   No Hearing Protection (Plugs/Muffs)   Yes    No 
  Safety Glasses  .....................      Yes   No Safety belt/harness   Yes     No  
  Chemical/splash goggles ......      Yes   No Radio   Yes     No 
  Splash Shield ........................      Yes   No Barricades   Yes     No 
  Splash suits/coveralls ...........      Yes   No Gloves (Type -                           )  Yes     No 
  Steel toe Work shoes or boots  Yes    No Work/warming regimen   Yes     No 
  Modifications/Exceptions: Reflective vests for high traffic areas. 

 VIII. Procedure review with permit acceptors Yes NA  Yes NA 
  Safety shower/eyewash (Location & Use) ..........   Emergency alarms ...................    
  Daily tail gate meetings .......................................   Evacuation routes ....................     
  Contractor tools/equipment/PPE inspected ........    Assembly points .......................    
 IX. Site Preparation 
  Utility Clearances obtained for areas of subsurface investigation   Yes   No 
  Physical hazards removed or blockaded   Yes   No 
  Site control boundaries demarcated/signage   Yes   No 

 X. Equipment Preparation Yes NA 
   Equipment drained/depressurized .............................................................................................    
   Equipment purged/cleaned ........................................................................................................    
   Isolation checklist completed .....................................................................................................    
   Electrical lockout required/field switch tested ............................................................................   
   Blinds/misalignments/blocks & bleeds in place..........................................................................    
   Hazardous materials on walls/behind liners considered ............................................................    
 XI. Additional Permits required (Hot work, confined space entry). ...........................................  Yes      No 
  If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

 XII. Special instructions, precautions:    
     
     
 

Permit Issued by:     Permit Accepted by:  
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis.  Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3.  Sample 
identification is addressed in SOP CT-04. 
 
2.0 SCOPE 

This procedure describes the appropriate containers to be used for samples depending on the analyses 
to be performed, and the steps necessary to preserve the samples when shipped off site for chemical 
analysis. 
 
3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated.  Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 

as materials designated as hazardous under the provisions of ∋172.101 and ∋172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173.  With slight modifications, IATA has 
adopted DOT "hazardous materials" as IATA "Dangerous Goods." 
 
Hazardous Waste - Any substance listed in 40 CFR, Subpart D (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262.  Such substances are defined and regulated 
by EPA. 
 
Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 
 
n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.). 
 
n.o.s. - Not otherwise specified. 
 
Packaging - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment 
function in conformance with the minimum packaging requirements of 49 CFR 173.24(a) & (b). 
 
Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is 
placed on the side of a vehicle transporting certain hazardous materials. 
 
Common Preservatives: 
 

• Hydrochloric Acid - HCl 

• Sulfuric Acid - H2SO4  

• Nitric Acid - HNO3  

• Sodium Hydroxide - NaOH  
 



 Subject 
 NON-RADIOLOGICAL SAMPLE  
 HANDLING 

Number 
 SA-6.1 

Page 
 3 of 11 

Revision 
 4 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

Other Preservatives 
 

• Zinc Acetate 

• Sodium Thiosulfate - Na2S2O3 
 
Normality (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent.  
 
Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of the 

Appendix to DOT 49 CFR ∋172.101 for any material identified in column 1 of the appendix.  A spill greater 
than the amount specified must be reported to the National Response Center. 
 
Sample - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 
 
4.0 RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 
 
Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the shipper. 
 
5.0 PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 
 
5.1 Sample Containers 

Different types of chemicals react differently with sample containers made of various materials.  For 
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
may dissolve various types of plastic containers.  Attachments A and B show proper containers (as well 
as other information) per 40 CFR 136.  In general, the sample container shall allow approximately 
5-10 percent air space ("ullage") to allow for expansion/vaporization if the sample warms during transport.  
However, for collection of volatile organic compounds, head space shall be omitted.  The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents.  Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechnical analysis.  Sufficient lead time shall be allowed for a delivery of sample container 
orders.  Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to 
analysis.   
 
Once opened, the container must be used at once for storage of a particular sample.  Unused but opened 
containers are to be considered contaminated and must be discarded.  Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use.  Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded.   
 
5.2 Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis.  Although complete 
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and irreversible preservation of samples is not possible, preservation does retard the chemical and 
biological changes that inevitably take place after the sample is collected.  Preservation techniques are 
usually limited to pH control, chemical addition(s), and refrigeration/ freezing (certain biological samples 
only).    
 
5.2.1 Overview 

The preservation techniques to be used for various analytes are listed in Attachments A and B.  Reagents 
required for sample preservation will either be added to the sample containers by the laboratory prior to 
their shipment to the field or be added in the field (in a clean environment).  Only high purity reagents 
shall be used for preservation.  In general, aqueous samples of low-concentration organics (or soil 

samples of low- or medium-concentration organics) are cooled to 4ΕC.  Medium-concentration aqueous 
samples, high-hazard organic samples, and some gas samples are typically not preserved.  Low-
concentration aqueous samples for metals are acidified with HNO3, whereas medium-concentration and 
high-hazard aqueous metal samples are not preserved.  Low- or medium-concentration soil samples for 

metals are cooled to 4ΕC, whereas high-hazard samples are not cooled.   
 
The following subsections describe the procedures for preparing and adding chemical preservatives.  
Attachments A and B indicate the specific analytes which require these preservatives.   
 
The FOL is responsible for ensuring that an accurate Chemical Inventory is created and maintained for all 
hazardous chemicals brought to the work site (see Section 5 of the TtNUS Health and Safety Guidance 
Manual).  Furthermore, the FOL must ensure that a corresponding Material Safety Data Sheet (MSDS) is 
collected for every substance entered on the site Chemical Inventory, and that all persons using/handling/ 
disposing of these substances review the appropriate MSDS for substances they will work with.  The 
Chemical Inventory and the MSDSs must be maintained at each work site in a location and manner 
where they are readily-accessible to all personnel. 
 
5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall be 
analytical reagent (AR) grade or purer and shall be diluted to the required concentration with deionized 
water before field sampling commences.  To avoid uncontrolled reactions, be sure to Add Acid to water 
(not vice versa).  A dilutions guide is provided below. 
 

Acid/Base Dilution Concentration Estimated 

Amount 

Required for 
Preservation 

Hydrochloric Acid (HCl) 1 part concentrated HCI:  1 part 
double-distilled, deionized water 

6N 5-10 mL 

Sulfuric Acid (H2SO4) 1 part concentrated H2SO4:  1 part 

double-distilled, deionized water 

18N 2 - 5 mL 

Nitric Acid (HNO3) Undiluted concentrated HNO3 16N 2 - 5 mL 

Sodium Hydroxide 

(NaOH) 

400 grams solid NaOH dissolved in 

870 mL double-distilled, deionized 
water; yields 1 liter of solution 

10N 2 mL 

 
The amounts required for preservation shown in the above table assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample.  This assumes that the 
sample is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions 
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vary, more preservative may be required.  Consequently, the final sample pH must be checked using 
narrow-range pH paper, as described in the generalized procedure detailed below: 
 

• Pour off 5-10 mL of sample into a dedicated, clean container.  Use some of this sample to check the 
initial sample pH using wide range (0-14) pH paper.  Never dip the pH paper into the sample; always 
apply a drop of sample to the pH paper using a clean stirring rod or pipette. 

 

• Add about one-half of the estimated preservative required to the original sample bottle.  Cap and 
invert gently several times to mix.  Check pH (as described above) using medium range pH paper (pH 
0-6 or pH 7.5-14, as applicable). 

 

• Cap sample bottle and seal securely. 
 
Additional considerations are discussed below: 
 

• To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can 
be properly preserved, place a drop of sample on KI-starch paper.  A blue color indicates the need for 
ascorbic acid addition. 

 
If required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch paper.  
Repeat until a drop of sample produces no color on the KI-starch paper.  Then add an additional 
0.6 grams of ascorbic acid per each liter of sample volume. 

 
Continue with proper base preservation of the sample as described above. 

 

• Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate 
solution per 100 ml of sample. 

 
The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double-
distilled, deionized water to make 1 liter of solution. 
 
The sample pH is then raised to 9 using the NaOH preservative. 

 

• Sodium thiosulfate must be added to remove residual chlorine from a sample.  To test the sample for 
residual chlorine use a field test kit specially made for this purpose. 

 
If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to remove the 
residual chlorine. 

 
Continue with proper acidification of the sample as described above. 

 
For biological samples, 10% buffered formalin or isopropanol may also be required for preservation.  
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 
 
5.3 Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents.  
Field-filtration must be performed prior to the preservation of samples as described above.  General 
procedures for field filtration are described below: 
 

• The sample shall be filtered through a non-metallic, 0.45-micron membrane filter, immediately after 
collection.  The filtration system shall consist of dedicated filter canister, dedicated tubing, and a 
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peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by 
mechanical peristalsis, the sample travels only through the tubing). 

 

• To perform filtration, thread the tubing through the peristaltic pump head.  Attach the filter canister to 
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample 
container to the intake end of the silicon tubing.  Turn the peristaltic pump on and perform filtration.  
Run approximately 100 ml of sample through the filter and discard prior to sample collection. 

 

• Continue by preserving the filtrate (contained in the filter canister), as applicable and generally 
described above. 

 
5.4 Sample Packaging and Shipping 

Only employees who have successfully completed the TtNUS “Shipping Hazardous Materials” training 
course are authorized to package and ship hazardous substances.  These trained individuals are 
responsible for performing shipping duties in accordance with this training. 
 
Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samples.  Samples from drums containing materials other than Investigative Derived Waste 
(IDW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials.  A distinction must be made between the two types of samples in order to: 
 

• Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall 
be considered hazardous and shipped accordingly.)   

 

• Protect the health and safety of transport and laboratory personnel receiving the samples (special 
precautions are used by the shipper and at laboratories when hazardous materials are received.)   

 
Detailed procedures for packaging environmental samples are outlined in the remainder of this section. 
 
5.4.1 Environmental Samples 

Environmental samples are packaged as follows: 
 

• Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. Ziploc 
baggie), and seal the bag.  

 

• Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic bag 
(e.g. "garbage" bag).  Drain plugs on coolers must be taped shut. 

 

• Pack with enough cushioning materials such as bubble wrap (shoulders of bottles must be iced if 
required) to minimize the possibility of the container breaking.  

 

• If cooling is required (see Attachments A and B), place ice around sample container shoulders, and 
on top of packing material (minimum of 8 pounds of ice for a medium-size cooler). 

 

• Seal (i.e., tape or tie top in knot) large liner bag. 
 

• The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and 
taped inside the lid of the shipping cooler.  If multiple coolers are sent but are included on one COC 
form, the COC form should be sent with the cooler containing the vials for VOC analysis.  The COC 
form should then state how many coolers are included with that shipment. 
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• Close and seal outside of cooler as described in SOP SA-6.3.  Signed custody seals must be used. 
 
Coolers must be marked as containing "Environmental Samples."  The appropriate side of the container 
must be marked "This End Up" and arrows placed appropriately.  No DOT marking or labeling is required; 
there are no DOT restrictions on mode of transportation.  
 
6.0 REFERENCES 

American Public Health Association, 1981.  Standard Methods for the Examination of Water and 
Wastewater, 15th Edition.  APHA, Washington, D.C. 
 
International Air Transport Association (latest issue).  Dangerous Goods Regulations, Montreal, Quebec, 
Canada. 
 
U.S. Department of Transportation (latest issue).  Hazardous Materials Regulations, 49 CFR 171-177. 
 
U.S. EPA, 1984.  "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act."  Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 
 
U.S. EPA, 1979.  Methods for Chemical Analysis of Water and Wastes.  EPA-600/4-79-020, U.S. EPA-
EMSL, Cincinnati, Ohio. 
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ATTACHMENT A 
 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 

Sample Type and Concentration Container
(1)

 Sample Size Preservation
(2)

 Holding Time
(2)

 

WATER 

Organics  
(GC&GC/MS) 

VOC Low Borosilicate glass 2 x 40 mL Cool to 4ΕC 

HCl to # 2 

14 days
(9)

 

 Extractables (Low 
SVOCs and 
pesticide/PCBs) 

Amber glass 2x2 L or 4x1 L Cool to 4ΕC 7 days to extraction; 
40 days after 
extraction 

 Extractables (Medium 
SVOCs and 
pesticide/PCBs) 

Amber glass 2x2 L or 4x1 L 
 

None 7 days to extraction; 
40 days after 
extraction 

Inorganics Metals Low High-density polyethylene 1 L HNO3 to pH #2 6 months (Hg-28 days) 

  Medium Wide-mouth glass 16 oz. None 6 months 

 Cyanide Low High-density polyethylene 1 L NaOH to pH>12 14 days 

 Cyanide Medium Wide-mouth glass 16 oz. None 14 days 

Organic/ 
Inorganic 

High Hazard Wide-mouth glass 8 oz. None 14 days 

SOIL 

Organics 
(GC&GC/MS) 

VOC EnCore Sampler (3) 5 g Samplers Cool to 4ΕC 48 hours to lab 
preservation 

 Extractables (Low 
SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 8 oz. Cool to 4ΕC 14 days to extraction; 
40 days after 
extraction 

 Extractables (Medium 
SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 8 oz. Cool to 4ΕC 14 days to extraction; 
40 days after 
extraction 

Inorganics Low/Medium Wide-mouth glass 8 oz. Cool to 4ΕC 6 months 
(Hg - 28 days) 
Cyanide (14 days) 

Organic/Inorga
nic 

High Hazard Wide-mouth glass 8 oz. None NA 

Dioxin/Furan All Wide-mouth glass 4 oz. None 35 days until 
extraction; 
40 days after 
extraction 

TCLP All Wide-mouth glass 8 oz. None 7 days until 
preparation; analysis 
as per fraction 

AIR 

Volatile 
Organics 

Low/Medium  Charcoal tube -- 7 cm long, 
6 mm OD, 4 mm ID 

100 L air Cool to 4ΕC 5 days recommended 

 
1 All glass containers should have Teflon cap liners or septa. 
2 See Attachment E.  Preservation and maximum holding time allowances per 40 CFR 136. 
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ATTACHMENT B 
 

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,  
AND HOLDING TIMES 

Parameter Number/Name Container
(1)

 Preservation
(2)(3)

 Maximum Holding 
Time

(4)
 

INORGANIC TESTS: 

Acidity P, G Cool, 4ΕC 14 days 

Alkalinity P, G Cool, 4ΕC 14 days 

Ammonia - Nitrogen P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Biochemical Oxygen Demand (BOD) P, G Cool, 4ΕC 48 hours 

Bromide P, G None required 28 days 

Chemical Oxygen Demand (COD) P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Chloride P, G None required 28 days 

Chlorine, Total Residual P, G None required Analyze immediately 

Color P, G Cool, 4ΕC 48 hours 

Cyanide, Total and Amenable to 
Chlorination 

P, G Cool, 4ΕC; NaOH to pH 12; 
0.6 g ascorbic acid

(5)
 

14 days
(6)

 

Fluoride P None required 28 days 

Hardness P, G HNO3 to pH 2; H2SO4 to pH 2 6 months 

Total Kjeldahl and Organic Nitrogen P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Nitrate - Nitrogen P, G None required 48 hours 

Nitrate-Nitrite - Nitrogen P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Nitrite - Nitrogen P, G Cool, 4ΕC 48 hours 

Oil & Grease G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Total Organic Carbon (TOC) P, G Cool, 4ΕC; HCl or H2SO4 to 
pH 2 

28 days 

Orthophosphate P, G Filter immediately; Cool,  4ΕC 48 hours 

Oxygen, Dissolved-Probe G Bottle & top None required Analyze immediately 

Oxygen, Dissolved-Winkler G Bottle & top Fix on site and store in dark 8 hours 

Phenols G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Phosphorus, Total P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Residue, Total P, G Cool, 4ΕC 7 days 

Residue, Filterable (TDS) P, G Cool, 4ΕC 7 days 

Residue, Nonfilterable (TSS) P, G Cool, 4ΕC 7 days 

Residue, Settleable P, G Cool, 4ΕC 48 hours 

Residue, Volatile (Ash Content) P, G Cool, 4ΕC 7 days 

Silica P Cool, 4ΕC 28 days 

Specific Conductance P, G Cool, 4ΕC 28 days 

Sulfate P, G Cool, 4ΕC 28 days 
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ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE TWO 

Parameter Number/Name Container
(1)

 Preservation
(2)(3)

 Maximum Holding 
Time

(4)
 

INORGANIC TESTS (Cont'd): 

Sulfide P, G Cool, 4ΕC; add zinc acetate 
plus sodium hydroxide to pH 9 

7 days 

Sulfite P, G None required Analyze  immediately 

Turbidity P, G Cool, 4ΕC 48 hours 

METALS:
(7)

 

Chromium VI (Hexachrome) P, G Cool, 4ΕC 24 hours 

Mercury (Hg) P, G HNO3 to pH 2 28 days 

Metals, except Chromium VI and Mercury P, G HNO3 to pH 2 6 months 

ORGANIC TESTS:
(8)

 

Purgeable Halocarbons G, Teflon-lined 
septum 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 14 days 

Purgeable Aromatic Hydrocarbons G, Teflon-lined 
septum 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 
 HCl to pH 2 

(9)
 

14 days 

Acrolein and Acrylonitrile G, Teflon-lined 
septum 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 
 adjust pH to 4-5 

(10)
 

14 days 

Phenols
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 7 days until extraction; 
40 days after extraction 

Benzidines
(11), (12)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 7 days until extraction
(13)

 

Phthalate esters
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC 7 days until extraction; 
40 days after extraction 

Nitrosamines
(11), (14)

 G, Teflon-lined 
cap 

Cool, 4ΕC; store in dark; 
0.008% Na2S2O3

(5)
 

7 days until extraction; 
40 days after extraction 

PCBs
(11)

  G, Teflon-lined 
cap 

Cool, 4ΕC 7 days until extraction; 
40 days after extraction 

Nitroaromatics & Isophorone
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

; 
store in dark 

7 days until extraction; 
40 days after extraction 

Polynuclear Aromatic Hydrocarbons 
(PAHs)

(11),(14)
 

G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

; 
store in dark 

7 days until extraction; 
40 days after extraction 

Haloethers
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 7 days until extraction; 
40 days after extraction 

Dioxin/Furan (TCDD/TCDF)
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 7 days until extraction; 
40 days after extraction 
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ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE THREE 

 
(1) Polyethylene (P):  generally 500 ml or Glass (G):  generally 1L. 
(2) Sample preservation should be performed immediately upon sample collection.  For composite chemical samples each 

aliquot should be preserved at the time of collection.  When use of an automated sampler makes it impossible to preserve 

each aliquot, then chemical samples may be preserved by maintaining at 4ΕC until compositing and sample splitting is 
completed. 

(3) When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply with the 
Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzed as soon as possible after collection.  The times listed are the maximum times that samples 
may be held before analysis and still be considered valid. Samples may be held for longer periods only if the permittee, or 
monitoring laboratory, has data on file to show that the specific types of samples under study are stable for the longer 
periods, and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Maximum holding time is 24 hours when sulfide is present.  Optionally, all samples may be tested with lead acetate paper 

before pH adjustments are made to determine if sulfide is present.  If sulfide is present, it can be removed by the addition 
of cadmium nitrate powder until a negative spot test is obtained.  The sample is filtered and then NaOH is added to pH 12. 

(7) Samples should be filtered immediately on site before adding preservative for dissolved metals. 
(8) Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required if acrolein will not be measured.  Samples for acrolein receiving no pH adjustment must 

be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and maximum 

holding times should be observed for optimum safeguard of sample integrity.  When the analytes of concern fall within two 

or more chemical categories, the sample may be preserved by cooling to 4ΕC, reducing residual chlorine with 0.008% 
sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved in this manner may be held for 
7 days before extraction and for 40 days after extraction.  Exceptions to this optional preservation and holding time 
procedure are noted in footnote 5 (re:  the requirement for thiosulfate reduction of residual chlorine) and footnotes 12, 13 
(re:  the analysis of benzidine). 

(12) If 1,2-diphenylthydrazine is likely to be present, adjust the pH of the sample to 4.0∀0.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) atmosphere. 
(14) For the analysis of diphenylnitrosamine, add 0.008% Na2S2O3 and adjust pH to 7-10 with NaOH within 24 hours of 

sampling. 
(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are extracted 

within 72 hours of collection.  For the analysis of aldrin, add 0.008% Na2S2O3. 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record 
forms, logs, and reports generally initiated and maintained for documenting Tetra Tech NUS, Inc. (TtNUS) 
field activities. 
 
2.0 SCOPE 

Documents presented within this SOP (or equivalents) shall be used for all TtNUS field activities, as 
applicable.  Other or additional documents may be required by specific client contracts or project planning 
documents. 
 
3.0 GLOSSARY 

None. 
 
4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager (PM) - The PM is responsible for obtaining hardbound controlled-distribution logbooks 
(from the appropriate source), as needed.  In addition, the Project Manager is responsible for placing all 
field documentation used in site activities (i.e., records, field reports, sample data sheets, field notebooks, 
and the site logbook) in the project's central file upon the completion of field work. 
 
Field Operations Leader (FOL) - The FOL is responsible for ensuring that the site logbook, notebooks, 
and all appropriate and current forms and field reports included in this SOP (and any additional forms 
required by the contract) are correctly used, accurately filled out, and completed in the required time 
frame. 
 
General personnel qualifications for field documentation activities include the following: 
 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

 

• Familiarity with appropriate procedures for documentation, handling, packaging, and shipping.  
 
 
5.0 PROCEDURES 

5.1 SITE LOGBOOK 

5.1.1 General 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major on-site 
activities are documented.  At a minimum, record or reference the following activities/events (daily) in the 
site logbook: 
 

• All field personnel present 

• Arrival/departure times and names of site visitors 

• Times and dates of health and safety training 

• Arrival/departure times of equipment 

• Times and dates of equipment calibration 
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• Start and/or completion of borehole, trench, monitoring well installation activities, etc. 

• Daily on-site activities 

• Sample pickup information 

• Health and safety issues (level of protection, personal protective equipment [PPE], etc.) 

• Weather conditions 
 
Maintain a site logbook for each project and initiate it at the start of the first on-site activity (e.g., site visit 
or initial reconnaissance survey).  Make entries every day that on-site activities take place involving 
TtNUS or subcontractor personnel.  Upon completion of the fieldwork, provide the site logbook to the PM 
or designee for inclusion in the project's central file. 
 
Record the following information on the cover of each site logbook: 
 

• Project name 

• TtNUS project number 

• Sequential book number 

• Start date 

• End date 
 
Information recorded daily in the site logbook need not be duplicated in other field notebooks (see 
Section 5.2) but must summarize the contents of these other notebooks and refer to specific page 
locations in these notebooks for detailed information (where applicable).  An example of a typical site 
logbook entry is shown in Attachment A.   
 
If measurements are made at any location, either record the measurements and equipment used in the 
site logbook or reference the field notebook in which the measurements are recorded (see Attachment A).   
 
Make all logbook, notebook, and log sheet entries in indelible ink (black pen is preferred).  No erasures 
are permitted.  If an incorrect entry is made, cross out the entry with a single strike mark, initial, and date 
it.  At the completion of entries by any individual, the logbook pages used must be signed and dated by 
the person making the entries.  The site logbook must also be signed by the FOL at the end of each day. 
 
5.1.2 Photographs 

Sequentially number movies, slides, or photographs taken of a site or any monitoring location to 
correspond to logbook/notebook entries.  Enter the name of the photographer, date, time, site location, 
site description, and weather conditions in the logbook/notebook as the photographs are taken.  A series 
entry may be used for rapid-sequence photographs.  The photographer is not required to record the 
aperture settings and shutter speeds for photographs taken within the normal automatic exposure range.  
However, special lenses, films, filters, and other image-enhancement techniques must be noted in the 
logbook/notebook.  If possible, such techniques shall be avoided because they can adversely affect the 
accuracy of photographs.  Chain-of-custody procedures depend on the subject matter, type of camera 
(digital or film), and the processing it requires.  Follow chain-of-custody procedures for film used for aerial 
photography, confidential information, or criminal investigation.  After processed, consecutively number 
the slides of photographic prints and label them according to the logbook/notebook descriptions.  Docket 
the site photographs and associated negatives and/or digitally saved images to compact disks into the 
project's central file. 
 
5.2 FIELD NOTEBOOKS 

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent 
field activities conducted directly under their supervision.  For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a 
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separate field notebook.  Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a field notebook. 
 
5.3 FIELD FORMS 

All TtNUS field forms (see list in Section 6.0 of this SOP) can be found on the company's intranet site 
(http://intranet.ttnus.com) under Field Log Sheets.  Forms may be altered or revised for project-specific 
needs, subject to client approval.  Care must be taken to ensure that all essential information can be 
documented.  Guidelines for completing these forms can be found in the related sampling SOPs.   
 
5.3.1 Sample Collection, Labeling, Shipment, Request for Analysis, and Field Test Results 

5.3.1.1 Sample Log Sheet 

Sample log sheets are used to record specified types of data while sampling.  The data recorded on 
these sheets are useful in describing the sample as well as pointing out any problems, difficulties, or 
irregularities encountered during sampling.  Complete a sample log sheet for each sample obtained, 
including field quality control (QC) samples. 
 
5.3.1.2 Sample Label 

A typical sample label is illustrated in Attachment B.  Complete the required information on the adhesive 
labels and apply them to every sample container.  Obtain sample labels from the appropriate 
program/project source, request that they be electronically generated in house, or request them the 
laboratory subcontractor. 
 
5.3.1.3 Chain-of-Custody Record  

The chain-of-custody record is a multi-part form that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person.  This form 
must be used as follows for any samples collected for chemical or geotechnical analysis whether the 
analyses are performed on site or off site: 
 

• Retain one carbonless copy of the completed chain-of custody form in the field. 

• Send one copy is sent to the PM (or designee) 

• Send the original to the laboratory with the associated samples.  Place the original (top, signed copy) 
of the chain-of custody form inside a large Ziploc

®
-type bag taped inside the lid of the shipping cooler.  

If multiple coolers are sent but are included on one chain-of custody form, send the form with the 
cooler containing vials for volatile organic compound (VOC) analysis or the cooler with the air bill 
attached.  Indicate on the air bill how many coolers are included with that shipment.   

 
An example of a chain-of-custody form is provided as Attachment C.  After the samples are received at 
the laboratory, the sample cooler and contents are checked and any problems are noted on the enclosed 
chain-of custody form (any discrepancies between the sample labels and chain-of custody form and any 
other problems that are noted are resolved through communication between the laboratory point-of-
contact and the TtNUS PM).  The chain-of custody form is signed and copied.  The laboratory will retain 
the copy, and the original becomes part of the samples' corresponding analytical data package.   
 
5.3.1.4 Chain-of-Custody Seal 

Attachment D is an example of a custody seal.  The custody seal is an adhesive-backed label that is part 
of a chain-of-custody process and is used to prevent tampering with samples after they have been 
collected in the field and sealed in coolers for transport to the laboratory.  Sign and date custody seals 
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and affix them across the lid and body of each cooler (front and back) containing environmental samples 
(see SOP SA-6.1).  Obtain custody seals from the laboratory (if available) or purchase them from a 
supplier.    
 
5.3.1.5 Geochemical Parameters Log Sheets 

Complete Field Analytical Log Sheets to record geochemical and/or natural attenuation field test results.   
 
5.3.2 Hydrogeological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

Complete a Groundwater Level Measurement Sheet for each round of water level measurements made 
at a site.   
 
5.3.2.2 Data Sheet for Pumping Test 

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of 
data must be recorded, often within a short time period.  Use a Pumping Test Data Sheet to facilitate this 
task by standardizing the data collection format for the pumping well and observation wells, and allowing 
the time interval for collection to be established in advance.   
 
5.3.2.3 Packer Test Report Form 

Complete a Packer Test Report Form for each well at which a packer test is conducted.   
 
5.3.2.4 Boring Log 

Complete a Summary Log of Boring, or Boring Log for each soil boring performed to document the 
materials encountered, operation and driving of casing, and locations/depths of samples collected.  In 
addition, if volatile organics are monitored on cores, samples, cuttings from the borehole, or breathing 
zone, (using a photoionization detector [PID] or flame ionization detector [FID]), enter these readings on 
the boring log at the appropriate depth.  When they become available, enter the laboratory sample 
number, concentrations of key contaminants, or other pertinent information in the "Remarks" column.  
This feature allows direct comparison of contaminant concentrations with soil characteristics.   
 
5.3.2.5 Monitoring Well Construction Details Form 

Complete a Monitoring Well Construction Details Form for every monitoring well, piezometer, or 
temporary well point installed. This form contains specific information on length and type of well riser pipe 
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics.  
This information is important in evaluating the performance of the monitoring well, particularly in areas 
where water levels show temporal variation or where there are multiple (immiscible) phases of 
contaminants.  Depending on the type of monitoring well (in overburden or bedrock, stick-up or flush 
mount), different forms are used.  
 
5.3.2.6 Test Pit Log 

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log must be 
filled out by the responsible field geologist or sampling technician. 
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5.3.2.7 Miscellaneous Monitoring Well Forms 

Miscellaneous monitoring well forms that may be required on a project-specific basis include the 
Monitoring Well Materials Certificate of Conformance and Monitoring Well Development Record.  Use a 
Monitoring Well Materials Certificate of Conformance to document all materials utilized during each 
monitoring well installation.  Use a Monitoring Well Development Record to document all well 
development activities. 
 
5.3.2.8 Miscellaneous Field Forms – Quality Assurance and Checklists 

Miscellaneous field forms/checklists forms that may be required on a project-specific basis include the 
following: 
 

• Container Sample and Inspection Sheet – use this form when a container (drum, tank, etc.) is 
sampled and/or inspected. 

 

• QA Sample Log Sheet – use this form when a QA sample such as an equipment rinsate blank, 
source blank, etc. is collected. 

 

• Field Task Modification Request (FTMR) – use this form to document deviations from the project 
planning documents.  The FOL is responsible for initiating the FTMRs.  Maintain copies of all FTMRs 
with the on-site planning documents, and place originals in the final evidence file. 

 

• Field Project Daily Activities Checklist and Field Project Pre-Mobilization Checklist – used these 
during both the planning and field effort to ensure that all necessary tasks are planned for and 
completed.  These two forms are not requirements but are useful tools for most field work. 

 
5.3.3 Equipment Calibration and Maintenance Form 

The calibration or standardization of monitoring, measuring, or test equipment is necessary to ensure the 
proper operation and response of the equipment, to document the accuracy, precision, or sensitivity of 
the measurements, and determine if correction should be applied to the readings.  Some items of 
equipment require frequent calibration, others infrequent.  Some are calibrated by the manufacturer, 
others by the user.   
 
Each instrument requiring calibration has its own Equipment Calibration Log, which documents that the 
manufacturer's instructions were followed for calibration of the equipment, including frequency and type of 
standard or calibration device.  Maintain an Equipment Calibration Log for each electronic measuring 
device used in the field; make entries for each day the equipment is used or in accordance with 
manufacturer recommendations. 
 
5.4 FIELD REPORTS 

The primary means of recording on-site activities is the site logbook.  Other field notebooks may also be 
maintained.  These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation but are not easily used for tracking and reporting of progress.  
Furthermore, the field logbook/notebooks remain on site for extended periods of time and are thus not 
accessible for timely review by project management.  Other reports useful for tracking and reporting the 
progress of field activities are described below. 
 



 Subject 
 
 FIELD DOCUMENTATION 

Number 
 SA-6.3 

Page 
 7 of 12 

Revision 
 4 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

5.4.1 Daily Activities Report 

To provide timely oversight of on-site contractors, complete and submit Daily Activities Reports (DARs) as 
described below. 
 
5.4.1.1 Description 

The DAR documents the activities and progress for each day's field work.  Complete this report on a daily 
basis whenever there are drilling, test pitting, well construction, or other related activities occurring that 
involve subcontractor personnel.  These sheets summarize the work performed and form the basis of 
payment to subcontractors.  The DAR form can be found on the TtNUS intranet site. 
 
5.4.1.2 Responsibilities 

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature 
acknowledging that the times and quantities of material entered are correct. 
 
5.4.1.3 Submittal and Approval 

At the end of the shift, the rig geologist must submit the DAR to the FOL for review and filing.  The Daily 
Activities Report is not a formal report and thus requires no further approval.  The DARs are retained by 
the FOL for use in preparing the site logbook and in preparing weekly status reports for submission to the 
PM. 
 
5.4.2 Weekly Status Reports 

To facilitate timely review by project management, photocopies of logbook/notebook entries may be made 
for internal use.   
 
In addition to those described herein, other summary reports may also be contractually required. 
 
All TtNUS field forms can be found on the company's intranet site at http://intranet.ttnus.com under Field 
Log Sheets. 
 
6.0 LISTING OF FIELD FORMS ON THE TtNUS INTRANET SITE 

• Boring Log 

• Container Sample and Inspection Sheet 

• Daily Activities Checklist 

• Daily Activities Record 

• Equipment Calibration Log 

• Field Task Modification Request 

• Field Analytical Log sheet - Geochemical Parameters 

• Groundwater Level Measurement Sheet 

• Groundwater Sample Log Sheet 

• Hydraulic Conductivity Test Data Sheet 

• Low Flow Purge Data Sheet 

• Bedrock Monitoring Well Construction (Stick Up) 

• Bedrock Monitoring Well Construction Flush Mount 

• Bedrock Monitoring Well Construction Open Hole 

• Confining Layer Monitoring Well Construction  

• Monitoring Well Development Record 
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• Monitoring Well Materials Certificate of Conformance 

• Overburden Monitoring Well Construction Flush Mount 

• Overburden Monitoring Well Construction Stick Up 

• Packer Test Report Form 

• Pumping Test Data Sheet 

• QA Sample Log Sheet 

• Soil/Sediment Sample Log Sheet 

• Surface Water Sample Log Sheet 

• Test Pit Log 

• Field Project Pre-Mobilization Checklist 
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 ATTACHMENT A 
 TYPICAL SITE LOGBOOK ENTRY 
 
START TIME:         DATE:    
 
SITE LEADER:   
PERSONNEL: 

TtNUS  DRILLER  SITE VISITORS 

     

     

     

 
WEATHER:  Clear, 68°F, 2-5 mph wind from SE 
 
ACTIVITIES: 
 
 1. Steam jenney and fire hoses were set up. 

 2. Drilling activities at well ____ resumes.  Rig geologist was ______________.  See 
Geologist's Notebook, No. 1, page 29-30, for details of drilling activity.  Sample No. 123-21-
S4 collected; see sample logbook, page 42.  Drilling activities completed at 11:50 and a 
4-inch stainless steel well installed.  See Geologist's Notebook, No. 1, page 31, and well 
construction details for well ______.  

 3. Drilling rig No. 2 steam-cleaned at decontamination pit.  Then set up at location of 
well _______. 

 4. Well ______ drilled.  Rig geologist was ____________________.  See Geologist's 
Notebook, No. 2, page ____ for details of drilling activities.  Sample numbers 123-22-S1, 
123-22-S2, and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45. 

 5. Well _____ was developed.  Seven 55-gallon drums were filled in the flushing stage.  The 
well was then pumped using the pitcher pump for 1 hour.  At the end of the hour, water 
pumped from well was "sand free."   

 6. EPA remedial project manger arrives on site at 14:25 hours. 

 7. Large dump truck arrives at 14:45 and is steam-cleaned.  Backhoe and dump truck set up 
over test pit _________. 

 8. Test pit _______ dug with cuttings placed in dump truck.  Rig geologist was 
_______________.  See Geologist's Notebook, No. 1, page 32, for details of test pit 
activities.  Test pit subsequently filled.  No samples taken for chemical analysis.  Due to 
shallow groundwater table, filling in of test pit ___ resulted in a very soft and wet area.  A 
mound was developed and the area roped off. 

 9. Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 
17:50 hours.  Site activities terminated at 18:22 hours.  All personnel off site, gate locked. 

 
 
 
       
       
 Field Operations Leader 



Tetra Tech NUS, Inc, 
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 ATTACHMENT B 
SAMPLE LABEL 

 

 



511 	TETRA TECH NUS, INC, CHAIN OF CUSTODY NUMBER 3 4 1 3 PAGE 	OF 

 

    

PROJECT NO: FACILITY: PROJECT MANAGER PHONE NUMBER 	 LABORATORY NAME AND CONTACT: 

SAMPLERS (SIGNATURE) FIELD OPERATIONS LEADER PHONE NUMBER ADDRESS 

CARRIERIVVAYBILL NUMBER CITY, STATE 

1 CONTAINER TYPE 
PLASTIC {P} or GLASS (G) 

STANDARD TAT 0 
RUSH TAT El 
P 24 hr. 	El 48 hr. 	0 72 hr. 	0 7 day 	Q 14 day 

a 

0. 

Ui 

I PRESERVATIVE 
USED 

LU 
F 0:( 
0S lil 
0 ?- TIME SAMPLE ID 

LO
C

A
T

IO
N

 ID
 

T
O

P
 D

E
P

T
H

 (
F

T
) 

 

B
O

TT
O

M
  D

E
P

T
H

 (
F

T
)  

M
A

T
R

IX
 (

O
W

,  S
O

,  
S

W
, '_  

E
T

C
. )  

0 
0 	; 
I 
W la 
Ill 
E 
z1-,  
0 
p.....— 
0 0 0 

Me-  
0 Me 0 
V 0 u 

cil 
cc 

74 
z 
0 
V 
tr. 
0 

Z 

1 

1. RELINQUISHED BY DATE TIME 1 RECEIVED BY 	 DATE TIME 

2. RELINQUISHED BY 	 DATE TIME 2. RECEIVED BY DATE TIME 

3. RELINQUISHED BY 	 DATE 

•-•-•"----- 

TIME 3. RECEIVED BY DATE TIME 

DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK {FILE COPY) 4102R 
FORM NO. TINIJS-601 

 
S

u
b
je

c
t 

  
F

IE
L
D

 D
O

C
U

M
E

N
T

A
T

IO
N

 

N
u
m

b
e
r 

 
S

A
-6

.3
 

P
a
g
e 

 
1
1
 o

f 1
2

 

R
e
vis

io
n 

 
4
 

E
ffe

ctive
 D

a
te

 

 
0
1
/2

0
1
2
 

 

0
1
9
6
1
1
/P

 
T

e
tra

 T
e
c
h
 

A
T

T
A

C
H

M
E

N
T

 C
 

C
H

A
IN

-O
F

-C
U

S
T

O
D

Y
 R

E
C

O
R

D
 F

O
R

M
 

 



funleu 	 CUSTODY SEAL 
Date 

1V3S Aaoisno 	Signature 

 Subject 
 
 FIELD DOCUMENTATION 

Number 
 SA-6.3 

Page 
 12 of 12 

Revision 
 4 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

  

 ATTACHMENT D 
 CHAIN-OF-CUSTODY SEAL 
 

 



TETRA TECH 

 

 

STANDARD 
OPERATING 

PROCEDURES 

Number 
 SA-7.1 

Page 

 1 of 16 

Effective Date 
 01/2012 

Revision 
 7 

Applicability 
 Tetra Tech, Inc. 

Prepared 
 Earth Sciences Department 

Subject  

DECONTAMINATION OF FIELD EQUIPMENT 

  

Approved 
 J. Zimmerly 

 

019611/P Tetra Tech 

 TABLE OF CONTENTS 
 
SECTION PAGE 

 
 
 

1.0 PURPOSE ........................................................................................................................................ 2 

2.0 SCOPE AND APPLICABILITY ....................................................................................................... 2 

3.0 GLOSSARY ..................................................................................................................................... 2 

4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS ........................................................ 3 

5.0 HEALTH AND SAFETY................................................................................................................... 3 

6.0 EQUIPMENT LIST ........................................................................................................................... 3 

7.0 PROCEDURES ................................................................................................................................ 4 

7.1 Decontamination Pad Design/Construction Considerations .................................... 5 
7.1.1 Temporary Decontamination Pads .................................................................................. 5 
7.1.2 Decontamination Activities at Drill Rigs/DPT Units.......................................................... 7 
7.1.3 Decontamination Activities at Remote Sample Locations ............................................... 7 
7.2 Equipment Decontamination Procedures ................................................................... 7 
7.2.1 Monitoring Well Sampling Equipment .............................................................................. 7 
7.2.2 Downhole Drilling Equipment........................................................................................... 9 
7.2.3 Soil/Sediment Sampling Equipment .............................................................................. 11 
7.3 Contact Waste/Materials ............................................................................................. 11 
7.3.1 Investigation-Derived Wastes - Decontamination Wash Waters and Sediments .......... 12 
7.4 Decontamination Evaluation ...................................................................................... 13 

 
 
ATTACHMENTS 
 
 A INVESTIGATION-DERIVED WASTE LABEL........................................................................ 15 
 
 
 



 Subject DECONTAMINATION OF FIELD 

 EQUIPMENT  

Number 
 SA-7.1 

Page 
 2 of 16 

Revision 
 7 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

1.0 PURPOSE 

Decontamination is the process of removing and/or neutralizing site contaminants that have contacted 
and/or accumulated on equipment.  The purpose of this Standard Operating Procedure (SOP) is to 
protect site personnel, the general public, and the environment while preserving or maintaining sample 
integrity.  It is further intended through this procedure to describe the steps necessary for proper 
decontamination of drilling equipment, earth-moving equipment , chemical sampling equipment and field 
operation and analytical equipment.  
 
2.0 SCOPE AND APPLICABILITY 

This procedure applies to all equipment used to provide access to/acquire environmental samples that 
may have become contaminated through direct contact with contaminated media including air, water, and 
soil.  This equipment includes drilling and heavy equipment and chemical sampling and field analytical 
equipment.  Where technologically and economically feasible, single-use sealed disposable equipment 
will be employed to minimize the potential for cross-contamination.  This SOP also provides general 
reference information on the control of contaminated materials. 
 
Decontamination methods and equipment requirements may differ from one project to another.  General 
equipment items are specified in Section 6.0, but project-specific equipment must be obtained to address 
the project-specific decontamination procedures presented in Section 7.0 and applicable subsections.  
 
3.0 GLOSSARY 

Alconox/Liquinox - A brand of phosphate-free laboratory-grade detergent.  
 
Decontamination Solution - A solution selected/identified in the Health and Safety Plan or Project-Specific 
Quality Assurance Plan.  The solution is selected and employed as directed by the project chemist/health 
and safety professional. 
 
Deionized Water (DI) - Tap water that has been treated by passing through a standard deionizing resin 
column.  This water may also pass through additional filtering media to attain various levels of analyte-
free status.  The DI water should meet College of American Pathologists (CAP) and National Committee 
for Clinical Laboratory Standards (NCCLS) specifications for reagent-grade Type I water. 
 
Potable Water - Tap water from any municipal water treatment system.  Use of an untreated potable 
water supply is not an acceptable substitute for tap water. 
 
Pressure Washing - Process employing a high-pressure pump and nozzle configuration to create a high-
pressure spray of potable water.  High-pressure spray is employed to remove solids from equipment. 
 
Solvent – A liquid in which solid chemicals or other liquids are dissolved.  The solvent of choice is 
pesticide-grade isopropanol.  Use of other solvents (methanol, acetone, or hexane) may be required for 
particular projects or for a particular purpose (e.g., removal of concentrated waste) and must be justified 
in the project planning documents.  For example, it may be necessary to use hexane when analyzing for 
trace levels of pesticides, PCBs, or fuels.  In addition, because many of these solvents are not miscible in 
water, the equipment should be air dried prior to use.  Solvents should not be used on PVC equipment or 
well construction materials. 
 
Steam Pressure Washing - A cleaning method employing a high-pressure spray of heated potable water 
to remove various organic/inorganic chemicals from equipment. 
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4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 
 
Decontamination Personnel - Individuals assigned the task of decontamination.  It is the responsibility of 
these individuals to understand the use and application of the decontamination process and solutions as 
well as the monitoring of that process to ensure that it is working properly.  This is accomplished through 
visual evaluation, monitoring instrument scanning of decontaminated items, and/or through the collection 
of rinsate blanks to verify contaminant removal. 
 
Field Operations Leader (FOL) - Responsible for the implementation of project-specific planning 
documents. This includes on-site verification that all field activities are performed in compliance with 
approved SOPs or as otherwise dictated by the approved project plan(s).  The FOL is also responsible for 
the completion and accuracy of all field documentation.   
 
Site Safety Officer (SSO) - Exercises shared responsibility with the FOL concerning decontamination 
effectiveness.  All equipment arriving on site (as part of the equipment inspection), leaving the site, and 
moving between locations is required to go through a decontamination evaluation.  This is accomplished 
through visual examination and/or instrument screening to determine the effectiveness of the 
decontamination process.  Improper or incomplete decontamination is sufficient to restrict equipment from 
entering the site, exiting the site, or moving to a new location on the site until the objectives are 
successfully completed. 
 
General personnel qualifications for decontamination activities include the following: 
 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

 

• Familiarity with appropriate decontamination procedures.  
 
5.0 HEALTH AND SAFETY 

In addition to the health and safety issues and reminders specified in subsections of this SOP, the 
following considerations and requirements must be observed as SOPs for field equipment 
decontamination activities: 
 

• If any solvents or hazardous chemicals (e.g., isopropyl alcohol) are to be used in equipment 
decontamination activities, the FOL must first obtain the manufacturer’s/supplier’s Material Safety 
Data Sheet (MSDS) and assure that it is reviewed by all users (prior to its use), added to the site 
Hazardous Chemical Inventory, and maintained on site as part of the project Hazard Communication 
Program. 

 

• Review and observe specific health and safety requirements (e.g., personal protective equipment 
[PPE]) specified in the project-specific health and safety plan for this activity. 

 
6.0 EQUIPMENT LIST 

• Wood for decontamination pad construction, when applicable (see Section 7.1). 
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• Tools for constructing decontamination pad frame, when applicable (see Section 7.1). 
 

• Visqueen sheeting or comparable material to cover decontamination pad frame, when applicable (see 
Section 7.1). 

 

• Wash/drying racks for auger flights and drill/drive rods, when applicable (see Section 7.2). 
 

• PPE as specified in the project health and safety plan. 
 

• Soap and water for washing and rinsing. 
 

• Deionized water for final rinsing. 
 

• Solvents (e.g., pesticide-grade isopropanol) for rinsing (see applicable portions of Section 7.2). 
 

• Tubs, buckets, etc. for containerizing rinse water (see applicable portions of Section 7.2). 
 

• Sample bottles for collecting rinsate blanks (see Section 7.2). 
 

• Calibrated photoionization detector (PID) or flame ionization detector (FID) to monitor 
decontaminated equipment for organic vapors generated through the existence of residual 
contamination or the presence of decontamination solvent remaining after the piece was rinsed. 

 

• Aluminum foil or clear clean plastic bag for covering cleaned equipment (see applicable portions of 
Section 7.2). 

 

• Paper towels or cloths for wiping. 
 

• Brushes, scrapers, or other hand tools useful for removing solid materials from equipment. 
 

• Clear plastic wrap for covering or wrapping large decontaminated equipment items (see Section 
7.2.2). 

 

• Drum-moving equipment for moving filled waste drums (optional) (see Section 7.3). 
 

• Drum labels for waste drums (see Attachment A). 
 
7.0 PROCEDURES 

The process of decontamination is accomplished through the removal of contaminants, neutralization of 
contaminants, or isolation of contaminants.  To accomplish this activity, preparation is required including 
site preparation, equipment selection, and evaluation of the decontamination requirements and 
processes. Site contaminant types, concentrations, and media types are primary drivers in the selection 
of the types of decontamination and where it will be conducted.  For purposes of this SOP, discussion is 
limited to decontamination procedures for general environmental investigations.  
 
Decontamination processes will be performed at the location(s) specified in project-specific planning 
documents.  Typical decontamination locations include the following: 
 

• Temporary decontamination pads/facilities 

• Sample locations 

• Centralized decontamination pad/facilities 
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• Combination of some or all of the above 
 
The following discussion includes general considerations for the decontamination process.  Specific 
construction and implementation procedures will be as specified in the project-specific planning 
documents and/or may be as dictated by site-specific conditions as long as the intent of the requirements 
in the planning documents is met.  This intent is to contain any residual fluids and solids generated 
through the decontamination process. 
 
7.1 Decontamination Pad Design/Construction Considerations 

7.1.1 Temporary Decontamination Pads 

Temporary decontamination pads may be constructed at satellite locations within the site area in support 
of temporary work areas. These structures are generally constructed to support the decontamination of 
heavy equipment such as drill rigs and earth-moving equipment but can be employed for smaller articles.  
 
The purpose of the decontamination pad is to contain wash waters and potentially contaminated soil 
generated during decontamination procedures. Therefore, construction of these pads should take into 
account the following considerations: 
 

• Site location – The decontamination site selected should be far enough from the work site to 
maximize decontamination effectiveness while minimizing travel distance.  The location of the 
decontamination site shall be selected to provide, in the judgment of the FOL or FOL designee, 
compliance with as many of the following characteristics as practicable: 

 
- Well removed from pedestrian/vehicle thoroughfares. 
 
- Avoidance of areas where control/custody cannot be maintained. 

 
- Avoidance of areas where potential releases of contaminated media or decontamination fluids 

may be compounded through access to storm water transport systems, streams, or other 
potentially sensitive areas. 

 
- Avoidance of potentially contaminated areas. 

 
- Avoidance of areas too close to the ongoing operation, where cross-contamination may occur. 

 
The selected decontamination site should include the following, where possible: 
 
- Areas where potable water and electricity are provided. 
 

Safety Reminder 
When utilizing electrical power sources, either hard-wired or portable-generated sources, 
ensure that: 
 
-  All power is routed through a Ground Fault Circuit Interrupter (GFCI). 
 
-  All power cords are in good condition (no physical damage), rated for the intended 
energy load, and designated for outdoor use. 
 
In situations where accomplishing these elements is not possible, it will be necessary to 
implement a site electrical grounding program. 
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- Areas where support activities such as removing decontamination waters soil and sediment are 

possible without entering an active exclusion zone. 
 

- Areas that offer sufficient size to carry out the specific decontamination sequence. 
 

• Decontamination pad (decon pad) – The decon pad shall be constructed to meet the following 
characteristics: 

 
- Size – The size of the pad should be sufficient to accept the equipment to be decontaminated as 

well as permitting free movement around the equipment by the personnel conducting the 
decontamination. The size should permit these movements utilizing pressure/steam washer 
wands and hoses and minimizing splash due to work in close quarters.  
 

- Slope – An adequate slope will be constructed to permit the collection of water and potentially 
contaminated soil within a trough or sump constructed at one end.  The collection point for wash 
waters should be of adequate distance that the decontamination workers do not have to walk 
through the wash waters while completing their tasks.  Because the pad will be sloped, place a 
light coating of sand over the plastic to minimize potential slips and falls.  See the text about liners 
below. 
 

- Sidewalls – The sidewalls shall be at least 6 inches in height (or as high as possible if 6 inches is 
not achievable) to provide adequate containment for wash waters and soil.  If splash represents a 
potential problem, splash guards should be constructed to control overspray.  Sidewalls may be 
constructed of wood, inflatables, sand bags, etc. to permit containment.  Splash guards are 
typically wood frames with Visqueen coverings to control overspray. 
 

- Liner – Depending on the types of equipment and decontamination method to be used, the liner 
should be of sufficient thickness to provide a puncture-resistant barrier between the 
decontamination operation and the unprotected environment.  Care should be taken to examine 
the surface area prior to placing the liner to remove sharp articles (sticks, stones, debris) that 
could puncture the liner.  Liners are intended to form an impermeable barrier.  The thickness may 
vary from a minimum recommended thickness of 10 mil to 30 mil.  The desired thickness may be 
achieved through layering materials of lighter construction. It should be noted that various 
materials (rubber, polyethylene sheeting) become slippery when wet.  To minimize this potential 
hazard associated with a sloped liner, a light coating of sand shall be applied to provide traction 
as necessary.  
 

- Wash/drying racks – Auger flights, drill/drive rods, and similar equipment require racks positioned 
off of the ground to permit these articles to be washed, drained, and dried while secured from 
falling during this process.  
 

For decontamination of direct-push technology (DPT) equipment, the pad may be as simple as a mortar 
tub containing buckets of soapy water for washing and an empty bucket to capture rinse waters.  
Decontamination may be conducted at the rear of the rig to permit rapid tool exchange. 
 

• Maintenance – Maintain the decontamination area by: 
 

- Periodically clearing the work area of standing water, soil, and debris, and coiling hoses to aid in 
eliminating slip, trip, and fall hazards.  In addition, these articles will reduce potential backsplash 
and cross-contamination. 
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- Regularly changing the decontamination fluids to ensure proper cleaning and prevent cross-
contamination. 

 
- PPE – Periodically evaluate the condition of, and maintain the decontamination equipment, 

including regular cleaning of face shields and safety glasses.  This is critical to ensuring the 
safety of decontamination personnel and the integrity of the decontamination process, and it will 
ensure that equipment is functioning properly.  

 
7.1.2 Decontamination Activities at Drill Rigs/DPT Units  

During subsurface sampling activities including drilling and DPT activities, decontamination of drive rods, 
Macro Core Samplers, split spoons, etc. is typically conducted at an area adjacent to the operation.  
Decontamination is generally accomplished using a soap/water wash and rinse utilizing buckets and 
brushes.  This area requires sufficient preparation to accomplish the decontamination objectives. 
 
Buckets shall be placed within mortar tubs or similar secondary containment tubs to prevent splash and 
spills from reaching unprotected environmental media.  Drying racks shall be employed as directed for 
temporary pads to permit parts to dry and be evaluated prior to use/reuse.  Methodology regarding this 
activity is provided in Section 7.2. 
 
7.1.3 Decontamination Activities at Remote Sample Locations  

When sampling at remote locations, sampling equipment such as trowels and pumps/tubing should be 
evacuated of potentially contaminated media to the extent possible.  This equipment should be wrapped 
in plastic for transport to the temporary/centralized decontamination location for final cleaning and 
disposition.  Flushing and cleaning of single-use equipment such as disposable trowels, tubing, and 
surgeon’s gloves may allow disposal of this equipment after visible soil and water remnants have been 
removed. 
 
7.2 Equipment Decontamination Procedures 

The following represents procedures to be employed for the decontamination of equipment that may have 
contacted and/or accumulated contamination through site investigation activities. 
 
7.2.1 Monitoring Well Sampling Equipment 

7.2.1.1 Groundwater sampling equipment – This includes pumps inserted into monitoring wells such 
as bladder pumps, Whale pumps, and Redi-Flo pumps and reusable bailers, etc. 

1. Evacuate to the extent possible, any purge water within the pump/bailer. 
 
2. Scrub using soap and water and/or steam clean the outside of the pump/bailer and, if applicable, the 

pump tubing. 
 
3. Insert the pump and tubing/bailer into a clean container of soapy water.  Pump/run a sufficient 

amount of soapy water through the pump/bailer to flush out any residual well water.  After the pump is 
flushed, circulate soapy water through the pump to ensure that the internal components are 
thoroughly flushed. 

 
4. Remove the pump and tubing/bailer from the container 
 
5. Rinse external pump components using tap water. 
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6. Insert the pump and tubing/bailer into a clean container of tap water.  Pump/run a sufficient amount of 

tap water through the pump/bailer to evacuate all of the soapy water (until clear).  
 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents – 

Use the procedures defined in the project-specific planning documents.  If they are not 
defined, contact the FOL for guidance.   The solvent rinse described in Step 7 may be 

omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to 
remove organic materials. 

 
7. If groundwater contains or is suspected to contain oil, grease, PAHs, PCBs, or other hard to remove 

organic materials, rinse the equipment to be cleaned with pesticide-grade isopropanol. 
 
8. Pass deionized water through the hose to flush out the tap water and solvent residue as applicable. 
 
9. Drain residual deionized water to the extent possible. 
 
10. Allow components of the equipment to air dry. 
 
11. For bladder pumps, disassemble the pump and wash the internal components with soap and water, 

then rinse with tap water, isopropanol, and deionized water and allow to dry.  After the parts are dry, 
conduct a visual inspection and a monitoring instrument scan to ensure that potential contaminants 
and all decontamination solvent have been removed.  Collect a rinsate blank in accordance with the 
project-specific planning documents to ensure that the decontamination process is functioning as 
intended.  The typical frequency of collection for rinsate blanks is 1 per 20 field samples.  In addition, 
wipe samples or field tests such as UV light may be used. 

 
12. Wrap pump/bailer in aluminum foil or a clear clean plastic bag for storage. 
 

SAFETY REMINDER 
Remember when handling powered equipment to disconnect the power source and 

render the equipment to a zero energy state (both potential and kinetic) before opening 
valves, disconnecting lines, etc.  

 
7.2.1.2 Electronic Water Level Indicators/Sounders/Tapes 

During water level measurements, rinsing the extracted tape and probe with deionized water and wiping 
the surface of the extracted tape between locations is acceptable.  However, periodic full decontamination 
should be conducted as follows:  
 
1. Wash with soap and water 
2. Rinse with tap water 
3. Rinse with deionized water 
 

NOTE 
In situations where oil, grease, free product, other hard to remove materials are 

encountered, probes and exposed tapes should be washed in hot soapy water.  If probes 
or tapes cannot be satisfactorily decontaminated (they are still stained, discolored, etc.), 

they should be removed from service. 



 Subject DECONTAMINATION OF FIELD 

 EQUIPMENT  

Number 
 SA-7.1 

Page 
 9 of 16 

Revision 
 7 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

 
7.2.1.3 Miscellaneous Equipment 

Miscellaneous equipment including analytical equipment (water quality testing equipment) shall be 
cleaned per manufacturers’ instructions.  This generally includes wiping the sensor housing and rinsing 
with tap and deionized water. 
 
Coolers/shipping containers employed to ship samples are received from the laboratory in a variety of 
conditions including marginal to extremely poor.  Coolers shall be evaluated prior to use for the following: 
 

• Structural integrity – Coolers missing handles or having breaks in the outer housing should be 
removed and not used.  Notify the laboratory that the risk of shipping samples in the cooler(s) 
provided is too great and request a replacement unit. 

 

• Cleanliness – As per protocol, only volatile organic samples are accompanied by a trip blank.  If a 
cooler’s cleanliness is in question (visibly dirty/stained) or if there are noticeable odors, the cooler 
should be decontaminated prior to use as follows: 

 
1. Wash with soap and water 
2. Rinse with tap water 
3. Dry 

 
If these measures fail to clean the cooler to an acceptable level, remove the unit from use as a shipping 
container and ask the cooler provider (e.g., the analytical laboratory) to provide a replacement unit. 
 
7.2.2 Downhole Drilling Equipment 

This includes any portion of the drill rig that is over the borehole, including auger flights, drill stems, rods, 
and associated tooling that would extend over the borehole.  The following procedure is to be employed 
prior to initiating the drilling/sampling activity, then between locations: 
 

CAUTION 
Exercise care when using scrapers to remove soil and debris from downhole drilling 
equipment.  Inadvertent slips of scrapers have resulted in cuts, scrapes, and injured 

knuckles, so use scrapers carefully when removing soil from these items. 

 
1. Remove loose soil using shovels, scrapers, etc. 
 
2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 

washing, remove visible dirt/soil from the equipment being decontaminated. 
 

CAUTION 
In Step 3, do not rinse PE, PVC, and associated tubing with solvents.  The appropriate 

procedures should be defined within the project-specific planning documents.  If they are 
not defined, contact the FOL for guidance.  The solvent rinse described in Step 4 may be 

omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to 
remove organic materials. 

 
3. Rinse the equipment with tap water, where applicable (steam cleaning and pressure washing 

incorporate rinsing as part of the process). 
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4. If the equipment has directly or indirectly contacted contaminated sample media and is known or 
suspected of being contaminated with oil, grease, PAHs, PCBs, or other hard to remove organic 
materials, rinse equipment with pesticide-grade isopropanol 

 
5. To the extent possible, allow components to air dry. 
 
6. If the decontaminated equipment is to be used immediately after decontamination, screen it with a 

calibrated photoionization detector (PID)/flame ionization detector (FID) to ensure that all 
contaminants and possible decontamination solvents (if they were used) have been adequately 
removed. 

 
7. Wrap or cover equipment in clear plastic until it is time to be used. 
 

SAFETY REMINDER 
Even when equipment is disconnected from power sources, dangers such as the 

following may persist:  
 
Falls - An auger flight standing on its end may fall and injure someone.  Secure all loose 

articles to prevent heavy articles from falling onto people or equipment. 
 

Burns - Steam cleaner water is heated to more than 212 ˚F and exhibits thermal energy 
that can cause burns.  Prevent contact of skin with hot water or surfaces. 

 
High water pressure - Pressure washer discharge can have 2,000 to 4,000 psi of water 

pressure.  Water under this amount of pressure can rupture skin and other human 
tissues.  Water at  4,000 psi exiting a 0˚ tip can be dangerous because of its relatively 
high cutting power.  The exit velocity and cutting power of the water are reduced when 

exiting a 40˚ fan tip, but damage to soft tissues is still possible. 

 
In general, follow the rules below to avoid injury, equipment damage, or incomplete decontamination: 
 
1. Read the operating manual and follow the manufacturers’ recommended safety practices before 

operating pressure washers and steam cleaners. 
 
2. Never point the pressure washer or steam cleaner at another person or use to clean your boots or 

other parts of your body.  Water lacerations and burns may appear to be minor at first but can be life 
threatening.  Do not attempt to hold small parts in your hand while washing them with high- 
temperature or high-pressure water. 

 
3. Always wear PPE as specified in the HASP such as:  
 

- Hard hat, safety glasses, splash shield, impermeable apron or splash suit, and hearing protection. 
Remember that excessive noise is a hazard when operating gas-powered engines and 
electrically driven pressure washers.  PPE will be identified in your project specific planning 
documents. 

 
4. Inspect each device before use.  An inspection checklist will be provided in the project-specific 

planning documents. If it is a rented device, safety measures are typically provided by the vendor.  In 
all cases, if you are not familiar with the operation of a pressure washer/steam cleaner, do not 
operate it until you obtain and thoroughly review operating instructions and recommended safety 
practices. 

 
5. Do not modify equipment unless the manufacturer has approved the modifications. 
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7.2.3 Soil/Sediment Sampling Equipment 

This section applies to soil sampling equipment including but not limited to hand augers, stainless steel 
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers, etc. 
 
1. Remove all loose soil from the equipment through manual means. 
 
2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 

washing, remove visible dirt/soil from the equipment. 
 
3. Rinse the equipment with tap water.  
 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents.  The appropriate procedures 
should be defined within the project-specific planning documents.  If they are not defined, 

contact the FOL for guidance.  The solvent rinse described in Step 4 may be omitted if 
groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove organic 

materials. 

 
4. If the equipment is contaminated or suspected to be contaminated with oil, grease, PAHs, PCBs, or 

other hard to remove organic materials, rinse the equipment with pesticide-grade isopropanol. 
 
5. Rinse the equipment with deionized water. 
 
6. To the extent possible, allow components to air dry. 
 
7. If the equipment is to be used immediately after decontamination, screen it with a calibrated PID/FID 

to ensure that all solvents (if they were used) and trace contaminants have been adequately 
removed. 

 
8. After the equipment has dried, wrap it in aluminum foil for storage until use. 
 
Dredges employed in sediment sampling are typically decontaminated as follows: 
 

• Remove the sediment sample from the sampling device 
  

• If sufficient associated surface water is available at the sampling site, place the dredge in the water 
and flush to remove visible sediment.   

 

• Extract the dredge and wash it in soap and water per the project-specific planning documents. 
 

CAUTION 
When handling dredges, the primary safety concern is trapping fingers or extremities in 

the larger dredge samplers within the jaws or pinch points of the mechanical jaws.  Keep 
hands, fingers, and extremities away from these pinch and compression points.  Either 

handle the device by the rope or preferably lock the jaws in place to control the potential 
for closing during maintenance and/or cleaning. 
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7.3 Contact Waste/Materials 

During the course of field investigations, disposable/single-use equipment becomes contaminated.  
These items include tubing, trowels, PPE (gloves, overboots, splash suits, etc.), and broken sample 
containers.  
 
With the exception of the broken glass, single-use articles should be cleaned (washed and rinsed) of 
visible materials and disposed as normal refuse. The exception to this rule is that extremely soiled 
materials that cannot be cleaned shall be containerized for disposal in accordance with applicable federal, 
state, and local regulations. 
 
7.3.1 Investigation-Derived Wastes - Decontamination Wash Waters and Sediments 

NOTE 
Requirements for waste storage may differ from one facility to the next.  Facility-specific 

directions for waste storage areas will be provided in project-specific documents, or 
separate direction will be provided by the Project Manager. 

 
1. Assume that all investigation-derived waste (IDW) generated from decontamination activities contains 

the hazardous chemicals associated with the site unless there are analytical or other data to the 
contrary.  Waste solution volumes could vary from a few gallons to several hundred gallons in cases 
where large equipment required cleaning. 

 
2. Where possible, use filtering systems to extend the use of water within a closed system wash unit to 

recycle water and to reduce possible waste amounts.  
 

NOTE 
Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent 

containers) that can be sealed until ultimate disposal at an approved facility. 

 
3. Label waste storage containers appropriately labeled (see Attachment A). 
 
4. Ensure that the IDW storage area is configured to meet the following specifications to permit access 

to the containers and to conduct spill/leak monitoring, sampling, and extraction when the disposal 
route is determined: 

 
- Enclose areas accessible by the general public using construction fencing and signs. 
 
- Stored materials in 55-gallon drums on pallets with four (or fewer) drums per pallet. 

 
- Maintain the retaining bolt and label on the outside of storage containers where readily visible. 
 
- Provide at least 4 feet of room between each row of pallets to allow access to containers for 

sampling, drum removal, and spill response. 
 

- As directed in project-specific planning documents, maintain an IDW Inventory List and provide 
the list to the site Point of Contact at the termination of each shift. 

 
- Maintain spill response equipment at the IDW storage area in case it is required for immediate 

access.   
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- Where possible, use equipment for moving containers.  Where not possible, obtain help to 
manipulate containers.  
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CAUTION 
Each container of water can weigh up to 490 pounds.  Each 55-gallon drum of wet soil 
can weigh more than 750 pounds.  Fill drums and temporary containers to 80 percent 

capacity to minimize spill and handling difficulties.  Use drum carts to move filled drums.  
 

See safe lifting techniques provided in Section 4.4 of the Tetra Tech NUS, Inc. Health 
and Safety Guidance Manual. 

 
When placing drums, keep your fingers out of pinch and smash points such as between 
the drums.  In some cases such as well development and/or purge water, you can place 

the drums to be filled on the pallet and transport materials in smaller easier to handle 
containers. 

 
7.4 Decontamination Evaluation 

Upon decontamination of equipment, determine the effectiveness of the decontamination process in the 
following manner: 
 

• Visual evaluation – A visual evaluation will be conducted to ensure the removal of particulate matter.  
This shall be done to ensure that the washing/rinsing process is working as intended. 

 

• Instrument Screening – A properly calibrated PID/FID should be used to evaluate the presence of site 
contaminants and solvents used in the cleaning process.  The air intake of the instrument shall be 
passed over the article to be evaluated.  Avoid placing the instrument probe into residual waters.  A 
PID/FID reading greater than the daily established background level requires a repeat of the 
decontamination process, followed by rescreening with the PID/FID.  This sequence must be 
repeated until no instrument readings greater than the daily established background level are 
observed.  It should be noted that the instrument scan is only viable if the contaminants are 
detectable within the instrument’s capabilities. 

 

NOTE 
When required by project-specific planning documents, collection of rinsate blanks (see 

next step) shall be completed without exception unless approval to not collect these 
samples is obtained from the Project Manager. 

 

• Collection of Rinsate Blanks – It is recommended that rinsate samples be collected to: 
 
 - Evaluate the decontamination procedure representing different equipment applications (pumps 

versus drilling equipment) and different decontamination applications. 
 
 - Single-use disposable equipment – The number of samples should represent different types of 

equipment as well as different lot numbers of single-use articles. 
 
 - The collection and the frequency of collection of rinsate samples are as follows unless specified 

differently in the project-specific planning documents: 
 

• Per decontamination method 

• Per disposable article/batch number of disposable articles 
  



 Subject DECONTAMINATION OF FIELD 

 EQUIPMENT  

Number 
 SA-7.1 

Page 
 15 of 16 

Revision 
 7 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

NOTE 
 It is recommended that an initial rinsate sample be collected early in the project to 

ensure that the decontamination process is functioning properly and to avoid using a 
contaminated batch of single-use articles.  It is recommended that a follow-up sample be 
collected later during the execution of the project to ensure that those conditions do not 

change.   
Rinsate samples collection may be driven by types of and/or levels of contaminant. 

Difficult to remove contaminants, oils/greases, some PAHs/PCBs, etc. may also support 
the collection of additional rinsates due to the obvious challenges to the decontamination 

process.  This is a field consideration to be determined by the FOL.  
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EXECUTIVE SUMMARY 

This Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP) was prepared according to United 

States Environmental Protection Agency (USEPA) Quality Assurance Project Plan (QAPP) requirements 

for a Remedial Investigation (RI) of Site 12, Harbor Dredge Spoil Area, located at Naval Station (NS) 

Great Lakes, Great Lakes, Illinois.  This UFP-SAP was prepared by Tetra Tech NUS, Inc. (Tetra Tech) on 

behalf of Naval Facilities Engineering Command (NAVFAC) Midwest under Contract Number 

N62470-08-D-1001, Contract Task Order (CTO) F27A.  This SAP was generated in accordance with 

applicable United States Navy, Illinois Environmental Protection Agency (Illinois EPA), and USEPA 

requirements, regulations, guidance, and technical standards. 

 

Site 12 is located in a flat area on the shore of the NS Great Lakes Outer Harbor, and is approximately 

3.5 acres.  Site 12 is currently a grass-covered field that is used as a picnic and recreational area.  A 

gravel road transects the site from north to south and terminates in a gravel parking lot on the south 

against a concrete pier.  The only structure on the site is a picnic pavilion overlooking the lake.  The only 

other notable feature is a drainage ditch which emerges from the bluff on the west and extends eastwards 

across the site to Lake Michigan.  During harbor dredge activities in 1952 and in the 1970s, dredge spoils 

were reportedly disposed of in this area.  The sediment dredged from the harbor may have high organic 

content, and potentially contain heavy metals, oils, pesticides, and polychlorinated biphenyls (PCBs).  

The primary sources of the environmental contaminants in the sediments are from upstream industrial 

sources (historical discharges and contamination) and storm water discharges within the Pettibone Creek 

Watershed.  Overland runoff and storm water discharges from Naval Station Great Lakes to Pettibone 

Creek may have contributed pollutants to the watershed, but  analytical results do not suggest that a 

significant point source(s) is(are) impacting the sediment quality of Pettibone Creek. 

 

A Remedial Investigation (RI) Verification Step was conducted by Dames & Moore (1991) at the site.  Fill 

materials, encountered during the investigation of soil borings appeared to have the physical composition 

of lake dredge spoils.  Surface and subsurface soil samples were collected and analyzed for volatile 

organic compounds (VOCs), heavy metals, pesticides, and PCBs.  Several metals, including antimony, 

cadmium, copper, lead, mercury, selenium, silver, and zinc were detected at concentrations above 

representative background values throughout the areal extent of the site and at depth down to at least 

8 feet below ground surface (bgs).  Pesticides DDD, DDE, and DDT were also detected in near surface 

soils throughout the areal extent of the site.  

 

Data collected during the field investigation for the Site 12 RI will used to determine if chemical 

concentrations are present at greater than acceptable risk-based human health levels. Risks to 

macroinvertabrates from erosion into the harbor will be evaluated.  The possible outcomes of this RI are 



Project-Specific SAP – Worksheet #1 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 4 of 93 CTO F27A 

No Further Action (NFA) if chemical concentrations are less than acceptable human health or ecological 

risk levels, or a Feasibility Study (FS) to evaluate alternatives address the site risks. 
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ACRONYMS AND ABBREVIATIONS 

AES   Atomic Emissions Spectrometry 

ARARs  Applicable or Relevant and Appropriate Requirements 

bgs  Below ground surface 

BTU  British Termal UnitCA   

CAS  Chemical Abstract Service 

CCV  Continuing Calibration Verification 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

CFR Code of Federal Regulations  

CLEAN Comprehensive Long-Term Environmental Action Navy 

CLP   Contract Laboratory Program 

COPC  Constituent of potential concern 

CSM  Conceptual Site Model 

CTO  Contract Task Order 

DI   Deionized  

DFTPP   Decafluorotriphenylphosphine 

DL  Detection Limits 

DoD   Department of Defense 

DOT  Department of Transportation 

DPT  Direct-push technology 

DQI   Data Quality Indicator 

DQO   Data Quality Objective 

DVM  Data Validation Manager 

ECD  Electron Capture Detector 

EDD  Electronic Data Deliverable 

EE/CA  Engineering Estimate/Cost Analysis 

Empirical Empirical Laboratories, LLC 

EPA  Environmental Protection Agency 

EU  Exposure Unit 

FOL  Field Operations Leader 

FS  Feasibility Study 

FTMR  Field Task Modification Request 

GC   Gas Chromatograph 

GC/MS   Gas chromatograph/mass spectrometer 

GPS  Global Positioning System 

HASP   Health and Safety Plan 
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HHRA  Human Health Risk Assessment 

HI  Hazard Index 

HQ  Hazard Quotient 

HSA  Hollow-stemmed Auger 

HSM  Health and Safety Manager 

IAC  Illinois Administrative Code  

IAS  Initial Assessment Study 

ICAL  Initial Calibration 

ICP   Inductively Coupled Plasma 

IDW   Investigation-derived waste 

ILCR  Incremental Lifetime Cancer Risk 

JULIE  Joint Utility Locating Information for Excavators 

LCS   Laboratory Control Sample 

LCSD  Laboratory Control Sample Duplicate 

LOQ  Limits of Quantitation  

MDL  Method Detection Limit 

MS  Matrix Spike 

MSD   Matrix Spike Duplicate 

MSL  Mean Sea Level 

NA  Not Applicable 

NAD  North American Datum 

NAVD  North American Vertical Datum 

NAVFAC Naval Facilities Engineering Command 

NFA  No Further Action 

NIRIS  Naval Installation Restoration Information Solution 

NS  Naval Station 

NV  No Value 

OPNAV  Office of the Chief of Naval Operations 

ORNL  Oak Ridge National Laboratory 

OSHA  Occupational Safety and Health Administration 

PAL  Project Action Limit 

PAH  Polynuclear Aromatic Hydrocarbon 

PCB   Polychlorinated biphenyl 

PDF  Portable Document Format 

PLC  Product Line Coordinator 

PM  Project Manager 

PPE  Personal protective equipment 
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PQL  Project Quantitation Limit 

PQLG  Project Quantitation Limit Goal 

QA   Quality Assurance 

QAM  Quality Assurance Manager 

QAO  Quality Assurance Officer 

QAPP   Quality Assurance Project Plan 

QC   Quality Control 

QL  Quantitation limit 

QSM  Quality Systems Manual 

RCRA   Resource Conservation and Recovery Act 

RI   Remedial Investigation 

RPD   Relative Percent Difference 

RPM   Remedial Project Manager 

RSD  Relative Standard Deviation 

RSL  Regional Screening Level 

SAP   Sampling and Analysis Plan 

SDG   Sample Delivery Group 

SOP   Standard Operating Procedure 

SPCS  State Plane Coordinate System 

SQL  Structured Query Language 

SSO  Site Safety Officer 

SVOC   Semivolatile organic compound 

TACO  Tiered Approach to Corrective Action Objective 

TAL  Target Analyte List  

TCL  Target Compound List 

TCLP  Toxicity Characteristic Leaching Procedure 

Tetra Tech Tetra Tech, Inc. 

UCL  Upper Confidence Level 

UFP-SAP  Uniform Federal Policy-Sampling and Analysis Plan 

USEPA  United States Environmental Protection Agency 

VOC  Volatile organic compound 
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SAP Works hee t #2 -- SAP Identifying  Information  

(UFP-QAPP Manual Section 2.2.4) 
 
Site Name/Number:  Site 12, Harbor Dredge Spoil Area 
Operable Unit:  NA 
Contractor Name:  Tetra Tech NUS, Inc. (Tetra Tech) 
Contract Number:  N62470-08-D-1001 
Contract Title:  Comprehensive Long-Term Environmental Action Navy (CLEAN)  
Work Assignment Number: Contract Task Order (CTO) F27A 
 
 
1.  This Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP or SAP) was prepared in 

accordance with the requirements of the United States Environmental Protection Agency (USEPA) 
Uniform Federal Policy for Quality Assurance Plans (UFP-QAPP) (2005) and USEPA Guidance for 
Quality Assurance Project Plans, EPA QA/G-5, (2002).  

 
2. Identify regulatory program:   

 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)  

  
3.   This document is a project-specific SAP.  
 
4. List dates of scoping sessions that were held:   

 
Data Quality Objective (DQO) Scoping Session – December 2, 2009 

    
5. List dates and titles of any SAP documents written for previous site work that are relevant to the   

current investigation.  
 

                                         Title Date 
Initial Assessment Study (IAS), Great Lakes Naval Complex  
(Rogers, Golden & Halpern, 1986)  1986 
  
Technical Memorandum on the Remedial Investigation  
Verification Step for the Naval Training Center, Great Lakes,  
Illinois (Dames & Moore, 1991)  1991 
  
Remedial Investigation Work Plan, Site 4 – Fire Fighting  
Training Unit, Site 12 – Harbor Dredging Spoil Area, Naval  
Training Center, Great Lakes, Illinois (Halliburton NUS, 1993)  1993   
 

6. List organizational partners (stakeholders) and connection with lead organization: 
 

Illinois Environmental Protection Agency (EPA) – regulatory oversight 
NAVFAC Midwest – property owner 

 
7. Lead organization 
 

Department of the Navy, Naval Facilities Engineering Command (NAVFAC) Midwest 
 
8. If any required UFP-SAP elements or required information are not applicable to the project or are 

provided elsewhere, then note the omitted SAP elements and provide an explanation for their 
exclusion below: 

 
All required elements are included in this SAP. 
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SAP Works hee t #3 – Dis tribu tion  Lis t    

(UFP-QAPP Manual Section 2.3.1) 
  

 
Name of SAP Recipient 

 
Title/Role 

 
Organization 

 
Telephone Number 

 
E-Mail Address  

Howard Hickey Product Line Coordinator 
(PLC)/ Program Manager NAVFAC Midwest (847) 688-2600 X 243 Howard.Hickey@navy.mil 

Terese Van Donsel Remedial Project Manager  
(RPM) NAVFAC Midwest (847) 688-2600 X 136 Terese.VanDonsel@navy.mil 

Brian Conrath Illinois Remedial Project 
Manager (RPM) Illinois EPA (217) 557-8155 Brian.Conrath@illinois.gov 

Biff Cummings Project Manager (PM) Tetra Tech  (412) 920-7021 biff.cummings@tetratech.com 

Tom Johnston Atlantic Quality Assurance 
Manager (QAM) Tetra Tech (412) 921-8615  tom.johnston@tetratech.com 

Matt Soltis Health and Safety Manager 
(HSM) Tetra Tech (412)921-8912 Matt.Soltis@tetratech.com 

Ann Cognetti Project Chemist Tetra  Tech (412) 921-8862 ann.cognetti@tetratech.com 

Kim Kostzer Laboratory  P M 
Empirical  
Laboratories, LLC 
(Empirical) 

(615) 345-1115 X 240 kkostzer@empirlabs.com 

TBD 
Field Operations Leader 
(FOL)/Site Safety Officer 
(SSO) 

Tetra Tech TBD TBD 

Lee Leck Database Manager Tetra Tech (412) 921-8856 lee.leck@@tetratech.com 

Joseph Samchuck Data Validation Manager 
(DVM) Tetra Tech (412) 921-8510 joseph.samchuck@tetratech.com 

Glenn Wagner Administrative Record 
Assistant Tetra Tech (412) 220-2211 Glenn.wagner@tetratech.com 
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Site Location: Great Lakes, Illinois 

Harbor Dredge Spoil Area Site 12 SAP 
Revision Number: 0 

Revision Date: July 2010 

SAP Worksheet #4 — Project Personnel Sign-Off Sheet 
(UFP-QAPP Manual Section 2.3.2) 

Name Organization/Title/Role Telephone Number Signature/Email 
Receipt 

SAP Section Reviewed Date SAP Read 

Navy and Regulator Project Team Personnel 

Terese Van 
Donsel 

NAVFAC Midwest/RPM (847) 688-2600 X 136 See Worksheet #1 All 

Brian Conrath Illinois RPM (217) 557-8155 See Worksheet #1 All 

Tetra Tech Project Team Personnel 

Biff Cummings Tetra Tech/PM (412) 920-7021 See Worksheet #1 All 

Chuck Metz Tetra Tech/FOUSSO (412) 921-8214(.4.4. \"0----..-  ' 	All I)-"Zt-TO 

Ann Cognetti 
Tetra Tech/Project 

Chemist 
(412) 921-8862 

f I Il 	e0 
All II 

-c2O-Id 

Matt Soltis 
Tetra Tech/Health and 

Safety Manager 
(412) 921-8912 See HA P 

Health and Safety Plan 
(HASP) 

Joe 
Samchuck 

Tetra Tech/Data 
Validation Manager 

(1--  (412) 921-8510 	 ( All a - .?. ---/a 
Subcontractor Personnel 

Kim Kostzer EmpiricaVLaboratory PM (615) 345-1115 X 240 Aca-Z 7,/---.4-7 . 
WThorIgh9eet #6,#12, 

#23-28, 
	##144, 

#36 
6-22-11 

070904/P 
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SAP Works hee t #5 -- P ro jec t Organiza tiona l Chart 

(UFP-QAPP Manual Section 2.4.1) 
 
 
 
Lines of Authority    Lines of Communication 

 
 
  
 

Terese Van 
Donsel 

NAVY RPM 
(847) 688-2600 

X 136 
 

Biff Cummings 
Tetra Tech PM 
(412) 920-7021  

 

Matt Soltis 
Tetra Tech 

HSM 
(412) 921-8912 

Tetra Tech Support Staff 
DVM 

Chemists 
Environmental Engineers 

Geologists 
 

 

Tetra Tech Field 
Staff 

FOL/SSO/  
TBD 

 
 

Brian Conrath 
Illinois EPA  

(217) 557-8155 

Ken Bowers 
NAVY QA Officer  
(757) 322-8341 

 

Tom Johnston 
Tetra Tech/ Atlantic 

QAM 
(412) 921-8615 

Ann Cognetti 
Tetra Tech 

Project Chemist 
(412) 921-8862 

 

Field 
Subcontractors 
Surveyor/TBD 

Driller/TBD 
Environmental Field 

Services 

Kim Kostzer 
Empirical/ 

Laboratory PM 
(615)-345-1115 

X240 
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SAP Works hee t #6 -- Communica tion  Pa thways  

(UFP-QAPP Manual Section 2.4.2) 
 

 
Communication Driver 

 
Responsible Affiliation 

 
Name 

 
Phone Number 
and/or E-Mail 

 
Procedure  

(timing, pathway to & from, etc.) 

Issues in the field that 
result in changes in 
scope of field work 

Tetra Tech FOL 
Tetra Tech PM 

TBD 
Biff Cummings 

TBD 
(412) 920-7021 

FOL will inform PM within one business 
day; PM will inform Navy RPM by close of 
next working day. Document the changes 
on a field task modification request (FTMR) 
form and obtain required approvals within 5 
days of initiating the form 

Identification of the need 
for a change in schedule Tetra Tech PM Biff Cummings (412)  920-7021 Inform Navy via schedule impact letter 

within 1 business day 

Recommendation to 
stop work and initiate 
work upon corrective 
action 

Tetra Tech FOL/SSO 
Tetra Tech PM 
Tetra Tech QAM 
Tetra Tech HSM 
Navy RPM 

TBD 
Biff Cummings 
Tom Johnston 
Matt Soltis 
Terese Van Donsel 

TBD 
(412) 920-7021 
(412) 921-8615 
(412) 921-8912 
(847) 688-2600 
X 136  

Responsible party informs subcontractors, 
the Navy, Illinois EPA, and Project Team 
(see Worksheet #9) within one business 
day. 

Analytical data quality 
issues 

Empirical Laboratory PM 
Tetra Tech Project 
Chemist  

Kim Kostzer  
Ann Cognetti 

(615) 345-1115 
X 240 
(412) 921-8862 

Notify Tetra Tech Project Chemist within 
one business day. 
Tetra Tech Notify data validation staff and 
Tetra Tech PM within one business day. 

 
Notes: 
TBD – To be determined. 
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SAP Works hee t #7 – Pers onne l Res pons ib ilitie s  and  Qualifica tions  Table  

(UFP-QAPP Manual Section 2.4.3) 
 

 
Name 

 
Title/Role 

 
Organizational 

Affiliation 

 
Responsibilities 

 
Education and/or Experience 

Qualifications  

Brian Conrath RPM Illinois EPA Makes sure that investigation work and documentation 
is in compliance with applicable regulations. Available upon request 

Terese Van 
Donsel Navy RPM Navy Manages project and coordinates Project Team (see 

Worksheet #9). Available upon request 

Kim Kostzer Laboratory PM Empirical  Primary laboratory contact; ensures analyses are 
performed in accordance with SAP protocols. Available upon request 

Biff Cummings PM Tetra Tech 
Oversees project, financial, scheduling and technical 
day-to-day management of the project.  Overall 
coordination of the project and document review. 

B.S. Civil Engineering, 31 years 
environmental engineering experience 

Lee Leck Data Manager Tetra Tech 
Assists in SAP preparation, makes sure that data 
management activities are performed in accordance 
with SAP procedures. 

17 years of data management 
experience 

Joseph 
Samchuck DVM Tetra Tech Manages data validation deliverables. B.S. Chemistry, M.S., Finance, 24 

years of environmental experience 

TBD FOL, SSO Tetra Tech Supervises, coordinates, and performs field sampling 
activities. 

Information will be provided in the 
Final SAP. 

Tom Johnston QAM Tetra Tech 
Assists in SAP preparation.  Makes certain of 
implementation of quality aspects of the CLEAN 
program. 

B.S. Chemistry, Ph.D. Chemistry; 30 
years environmental experience 

Ann Cognetti Project Chemist Tetra Tech 

Prepares laboratory scope, coordinates with laboratory, 
and performs data quality review.   Coordinates 
analyses with laboratory chemists, makes sure the 
scope is followed, reviews Quality Assurance (QA) data 
packages, and communicates with Tetra Tech staff. 

M.S. Chemistry,1 years environmental 
experience 

Matt Soltis HSM Tetra Tech Oversees CLEAN Program Health and Safety Program. B.S. Industrial Safety Sciences, 
24 years environmental experience 

 



Project-Specific SAP – Worksheet #7 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 15 of 93 CTO F27A 

In some cases, one person may be designated responsibilities for more than one position.  For work conducted under this UFP-SAP, the FOL will 
also be responsible for SSO and Site QA/QC responsibilities.  This action will be performed only as credentials, experience, and availability 
permits. 
 



Project-Specific SAP – Worksheet #8 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 16 of 93 CTO F27A 

SAP Works hee t #8 -- Spec ia l Pe rs onne l Tra in ing  Requirements  Table  

(UFP-QAPP Manual Section 2.4.4) 
 
Each site worker will be required to have completed a 40-hour course (and 8-hour refresher, if applicable) 

in health and safety training as described under Occupational Safety and Health Administration (OSHA) 

29 Code of Federal Regulations (CFR) 1910.120(b)(4).  Safety requirements are addressed in greater 

detail in the site-specific Tetra Tech HASP included in Appendix A.  
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SAP Works hee t #9 -- P ro jec t Scoping  Ses s ion  Partic ipants  Sheet 

(UFP-QAPP Manual Section 2.5.1) 
 
 
Project Name:  Site 12 RI 
Projected Date(s) of Sampling: Summer 
2010 
Project Manager:  Biff Cummings 
 

 
Site Name:  Site 12 – Harbor Dredge Spoil Area 
 
Site Location:  NS Great Lakes, Great Lakes, Illinois 
 

Date of Session:  December 2-4, 2009 

Scoping Session Purpose:  DQO Scoping Session 
Project 
Team 
Member 

Title, Affiliation Phone # E-Mail Address Project 
Role 

Biff Cummings PM, Tetra Tech (412)920-7021 biff. cummings@tetratech.com Project 
Manager 

Robert Davis Technical Consultant, Tetra 
Tech (412) 921-7251 robert.davis@tetratech.com Technical 

Consultant 

Tom Johnston QAM, Tetra Tech (412)921-8615 tom.johnston@tetratech.com DQO 
Facilitator 

Li Wang Environmental Scientist, 
Tetra Tech 

(412) 920-7015 li.wang@tetratech.com Technical 
Support 

David Morgan Risk Assessor, Tetra Tech (412) 921-8509 david.morgan@tetratech.com Risk 
Assessment 

Shannon Hill Geologist, Tetra Tech (412) 921-8876 shannon.hill@tetratech.com Geologist 
 

Comments/Decisions:  None.  

 

Action Items:   

• Dave Morgan and Li Wang:  Identify Soil and Groundwater Criteria (TACO and RSLs) 

 

• Kelly Carper: Select Chemical Analysis Methods to ensure sensitivity is low enough that limits of 

quantitation (LOQs) and detection limits (DLs) will be less than the screening criteria. 

 

• Shannon Hill and Li Wang:  Review past reports to determine past soil sampling technique(s) - Note 

that solid stem auger was used in 1991 Tech Memo RI Verification Step. 

 

• Dave Morgan:  Verify criterion for Pb evaluations. 

 

• Bob Davis:  Clarify potential exposure unit (EU) size based on land use and zoning regulations 

(completed during meeting). 

 

• Biff Cummings and Bob Davis: Verify receptors list and related CSMs. 
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• Tom Johnston: Do statistical calculations with help of statistician if necessary. 

 

• Biff Cummings: Confer with the Navy RPM regarding the proposed approach and develop a 

consensus with Illinois EPA RPM and the Navy Chemist.  

 

Subsequent Discussions and Decisions:  

Following the initial scoping meeting, conferences were held with the Tetra Tech PM and the Navy RPM, 

(Terese Van Donsel). Additionally, related discussions were held between the Navy RPM and the Illinois 

EPA RPM (Brian Conrath) and the Navy Chemist (Ken Bowers). The subsequent discussions concluded 

that: 

 

• Due to the sizable amount of past sampling data at both the Site and within Pettibone Creek, which is 

considered to be the source area of sediment removed from the harbor and placed at Site 5, the 

number of sampling locations should be limited to the amount that can statistically support an 

assessment of risk (10 sampling locations). 

 

• Sampling should be limited to soil only.  Groundwater is not to be sampled since its condition is more 

likely related to surface water (Lake Michigan) influences rather than site contaminants and on-site 

flow.  However, groundwater samples may be collected if review of the soil data by the project team 

warrants further investigation. 

 

• Sample locations were selected based on a judgmental approach and with consensus and 

confidence of the Project Team that sampling will detect and provide a representation of any 

contamination occurring at the Site.    

 

• Two soil samples should be collected from each sampling location for testing; one from each of the 

surface and subsurface soil stratas.  

 

• The collected samples should be tested for semivolatile organic compounds (SVOCs), polynuclear 

aromatic hydrocarbons (PAHs), metals, and pesticides (20 total). Half of the samples collected from 

the subsurface soil strata should be tested for polychlorinated biphenyls PCBs (5 total). Samples shall 

be selected based on visual observations. 
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SAP Works hee t #10 – Conceptua l S ite  Mode l 

(UFP-QAPP Manual Section 2.5.2) 
 
10.1 SITE BACKGROUND 

NS Great Lakes covers 1,632 acres within Lake County, Illinois (See Figure 10-1).  Lake County is 

located in northeastern Illinois, and is composed of 24 miles of Lake Michigan shoreline.  Lake County is 

divided into 18 townships, 52 incorporated cities and villages, and 18 unincorporated cities and villages. 

 

NS Great Lakes provides facilities and related support to training activities, including the Navy’s only boot 

camp, as well as a variety of other military commands located on base.  Land uses vary in the areas 

surrounding NS Great Lakes.  Along the northern boundary of the base are mostly highly urbanized and 

industrialized areas.  Much of the land beyond the northwestern site boundary comprises unincorporated 

lands of Lake County, and is vacant except for scattered commercial and residential properties.  Adjacent 

to the western boundary are primarily industrial properties, and along the southern boundary is a mixture 

of public open space and residential land.   

 

Site 12 is located in a flat area on the shore of the NS Great Lakes Outer Harbor, south of a stormwater 

retention basin (see Figure 10-2), and is approximately 3.5 acres in size.  The stormwater retention basin 

was constructed between 1991 and 2002 over the former location of the tanks that were part of the 

installation’s sewage treatment plant (shown on the inset 1974 aerial photo on Figure 10-2). (The 

installation’s sewage is now treated offsite by the local municipal wastewater treatment plant.)  

Figure 10-2.  Site 12 is a grass-covered field rising westward from the shore of Lake Michigan, and is 

bounded on the western edge by a wooded bluff that is 50 to 60-feet high (see Figure 10-2).  The site is 

currently used as a picnic and recreational area and the only structure on the site is a picnic pavilion 

overlooking the lake.  An archery range was reportedly situated on the northern portion of the site, 

immediately south of the stormwater retention basin; however, its presence at the site could not be 

verified from the aerial photo.  A gravel road transects the site from north to south and terminates in a 

gravel parking lot on the south, against a concrete pier.  The only other notable feature is a drainage ditch 

which emerges from the bluff and extends eastward across the site to Lake Michigan. 

 

During harbor dredging activities in 1952 and the 1970s, dredge spoils from the boat slip area in the 

harbor were reportedly disposed in Site 12 (Rogers, Golden & Halpern, 1986).  The harbor area receives 

flow from Pettibone Creek, which drains stormwater from the base and a number of off-base industries 

upstream of NS Great Lakes. The primary sources of the environmental contaminants in the sediments 

are from upstream industrial sources (historical discharges and contamination) and storm water 

discharges within the Pettibone Creek Watershed.  Overland runoff and storm water discharges from 

Naval Station Great Lakes to Pettibone Creek may have contributed pollutants to the watershed, but  
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analytical results do not suggest that a significant point source(s) is(are) impacting the sediment quality of 

Pettibone Creek. Chemicals in the runoff may have settled in the sediments (Rogers, Golden & Halpern, 

1986).  An Initial Assessment Study (IAS) was performed at NS Great Lakes in 1986.  The IAS identified 

seven sites, including Site 12, as requiring further study within NS Great Lakes. The area of Site 12 that 

may have received fill between 1950 and 1990 is shown on Figure 10-2.in Figure 10-2.  Dames & Moore 

(1991) reviewed aerial photographs taken between 1946 and 1985 which indicated evidence of some 

filling and other modifications to Site 12 over this period.  However, these filling activities do not coincide 

with or closely follow the reported dates of harbor dredging;  therefore, the filling activities may not be 

related to the disposition of dredge spoils, as originally reported by the IAS (Dames & Moore, 1991).  

Dames & Moore (1991) reported that discussions with personnel at the base regarding the 1970s 

dredging operations indicated that spoils from this period were placed in the lake approximately 5 miles 

from shore.  Installation personnel were not able to provide personal knowledge of the 1952 dredging 

operations.  After the Dames & Moore (1991) report was issued, the stormwater retention pond was 

installed and an additional portion of Site 12 along Lake Michigan was filled in (Figure 10-2).  Past 

development activities at the Site are documented on historic maps and aerial photographs.  These maps 

and photographs are presented in Appendix B and are summarized in Section 10.2 of this document.  

The Dames and Moore report (1991) also notes that in the late 1980s, there were piles of soil and plant 

debris on Site 12.  The soil and debris presumably came from other locations at NS Great Lakes.  The 

sediment reportedly dredged from the harbor and deposited on Site 12 could have high organic content, 

and may contain heavy metals, oils (i.e., SVOCs and PAHs), pesticides, and PCBs from industries 

upstream of the NS Great Lakes. 

 

Based on the recommendations of the IAS, Dames & Moore (1991) conducted the RI Verification Step on 

five of the seven sites identified in the IAS, including Site 12.  Surface and subsurface soil samples were 

collected from various locations at Site 12 during in two sampling events in December 1988 and in March 

1989 and were analyzed for volatile organic compounds (VOCs), metals, pesticides and PCBs.  The 

samples from March 1989 exceeded laboratory holding times and were considered invalid. The site was 

resampled in August 1989. See Figure 10-3 for sample locations.  Thirty-three surface and subsurface 

soil samples were collected from 11 soil borings.  The pesticide and PCB data were validated and 

considered to be usable.  The laboratory data for VOCs and metals could not be validated using USEPA 

Level III protocol for several technical and administrative reasons. Because the VOC and metals data 

were not validated they were presented in the Dames & Moore (1991) Technical Memorandum but not 

used in that report’s conclusions and recommendations.  

 

The following summarizes the results of the previous investigation as presented in the RI Verification 

Step):  

 



Project-Specific SAP – Worksheet #10 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 21 of 93 CTO F27A 

• VOCs were analyzed in 14 surface and 28 subsurface soil samples collected in 1988 from 14 boring 

locations. Only four VOCs (acetone, 2-butanone, methylene chloride, and toluene) were detected.  All 

of these compounds are common laboratory contaminants; therefore, they made be present in the 

laboratory results as a laboratory artifact. Based on the unvalidated VOC data and the fact that no 

VOCs were reported in excess of applicable criteria in the Site 17 RI and in the Harbor sampling data, 

VOCs are not considered potential contaminants of concern (COPCs) at Site 12.  With that said, it is 

still possible that VOCs could be present in the Site 12 soil.  Therefore, laboratory VOC analysis 

(using encore sample kits) will be performed on up to 4 samples depending on PID readings that are 

collected at the 10 proposed soil sample locations.   

 

• Heavy metals were analyzed in 14 surface and 28 subsurface soil samples collected in 1988 from 14 

boring locations.  Several metals were detected at the site in concentrations exceeding background 

soil concentrations provided in TACO. Metals are considered COPCs at Site 12 and will be 

investigate further. 

 

• Pesticides were analyzed in 11 surface and 22 subsurface soil samples collected in 1989 from 11 

boring locations. Pesticides are considered COPCs at Site 12 and will be investigate further. 

 
• PCBs were analyzed in 33 soil samples collected in 1989, but were not detected above the detection 

limits in any samples. However, PCBs are still considered COPCs at Site 12 and will be investigate 

further.  

 
• SVOCs have not been analyzed in soil samples from Site 12. They are considered COPCs at Site 12 

and will be investigate further. 

 

• The areal extent of contaminants encompasses the entire site area identified in the IAS.  The vertical 

extent of contamination was not determined; however, because metals were detected at the greatest 

depth sampled (i.e., 8 feet bgs), contamination probably extends below this depth.  Boring should 

extend through the dredge spoil to the natural soil layer which is expected to be 10 to 15 feet bsg. 

 

10.2 HISTORICAL MAPS AND AERIAL PHOTOGRAPHS AND SITE DOCUMENTATION 

The following information was identified during a review of NS Great Lakes historical drawings and 

photographs, which are provided in Appendix B. 

 



Project-Specific SAP – Worksheet #10 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 22 of 93 CTO F27A 

Drawing/Photo 
Date Description 

1907 Topographic 
Map 

• Harbor had not been constructed.  
• No above ground structure is identifiable in the area of Site 12. 

1909 General Plan • Inner Harbor had been constructed.  
1923 Boundary 

Survey 
• Harbor had been constructed.  
• No above ground structures are shown in the drawing. 

1929 Drawing • No above ground structures are shown in the area of Site 12. 
1930 Drawing • No above ground structures are shown in the area of Site 12. 
1936 Sounding 
Contour Lines • No significant changes are identifiable at Site 12. 

1939 Aerial Photo • The whole naval station was depicted in the aerial map. 
1941 Drawing • No significant change is identifiable at Site 12. 

1943 Drawing 

• Shoreline changed in the area of Site 12, with land surface extended 
eastward slightly into Lake Michigan.  Backfilling and leveling of the site 
may have occurred. 

• Shows several above ground treatment units were added to the 
sewage treatment plant to the north of Site 12.  The shoreline in the 
southeast part of the sewage treatment plant also changed, and 
backfilling and leveling in this area may also have occurred. 

1946 Drawing, 
1949, 1950, and 
1957 Plot Plans  

• No significant change is identifiable at Site 12. 

1958 and 1959 
Base Map and 

1961 Aerial Photo 

 
• Shoreline slightly changed at Site 12. 

1974 Aerial Photo • Shows two gravel roads at Site 12. 
1988 Aerial Photo • The sewage treatment plant to the north of site 12 is still present. 

2002 Aerial Photo 

• The sewage treatment plant to the north of site 12 is no longer present. 
• Shoreline at Site 12 changed significantly and extended eastward into 

the lake. 
• Shows the above ground structure, gravel road and parking lot 

discussed in Section 10.1. 
2006 Harbor 

Bathymetry Map 
• The bottom contour in the harbor changed significantly compared to 

the 1936 sounding contour lines. 
 

10.3 CONCEPTUAL SITE MODEL 

This section presents the conceptual site model (CSM), including a discussion of potential contaminants, 

site hydrogeology, possible contaminant migration pathways and potential human health and ecological 

risks.  This conceptual site model is depicted on Figure 10-4.  

 

Potential Contaminants 

Contaminants potentially affecting soil from past on-site activities include heavy metals, pesticides, PCBs, 

polyaromatic hydrocarbons (PAHs), and SVOCs that may be associated with contaminants from dredge 

spoils or other materials that may have been placed at the site. 
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Hydrogeology 

Site 12 is located in a flat area on the lakeshore.  Ground elevations at the site are approximately 585 feet 

above mean sea level (msl), and only a few feet above lake level.  The surface consists of hard-packed 

gravel, sand, and silt covered with weeds and grasses, underlain by approximately 100 feet of glacial till 

over bedrock.  The composition of the underlying till is believed to be primarily clay, but no data are 

available to confirm this.  Various mixtures of primarily sand and gravel, with construction debris and 

lesser amounts of silt and clay were encountered when shallow borings were installed by Dames & Moore 

in 1988.  This is indicative of filling and active sorting by wave action of the lake, as would be expected by 

lake dredging.  Dames & Moore reported that during soil boring installation, additional debris was being 

deposited at this site, and that during the last sampling event in August 1989 the site was being 

developed for recreational purposes.  

 

Shallow hydrogeology at NS Great Lakes is complex and includes several perched aquifers found mostly 

in discontinuous sand lenses within layers of clay and silty clay.  The shallow aquifer located along the 

shoreline at the installation has a depth to groundwater between 2 and 5 feet bgs due to the proximity of 

the lake.  The overall groundwater flow direction at Site 12 is expected to be strongly influenced by Lake 

Michigan water levels. This water is not potable and is not utilized at NSGL or the surrounding area.  The 

remaining aquifer system is known as the deep aquifer system, with depths ranging from 900 to 

1,900 feet bgs.  The shallow aquifer system recharges from local rainfall infiltration, while the deep aquifer 

system receives sources from areas of central Wisconsin. Surface runoff drains directly into Lake 

Michigan.  Groundwater quality at Site 12 has not been evaluated but is expected to have little influence 

on lake conditions due to an extensive amount of dilution and dispersion.   

 

Contaminant Migration Pathways 

The following contaminant migration routes and release mechanisms have been identified for potential 

contaminants at Site 12: 

 

Soil:   Site 12 is largely unpaved; therefore, surface and/or subsurface soil contamination in the spoils 

area may release contaminants through leaching, erosion/runoff and dust emission.  Infiltration of surface 

precipitation could result in leaching of contaminants from the fill material (e.g. dredge spoils) and, 

thereby impact native soil underlying the fill and downgradient groundwater.  Data from past 

investigations suggest that surface soils could be impacted.  Surface soil could have eroded and migrated 

overland as a result of runoff, which enters Lake Michigan eventually as there is no storm water collection 

system at Site 12.  Impacted soil can be emitted to the air through wind erosion and be transmitted to 

human or ecological receptors, such as macroinvertabrate, at the site or in the lake.  However, wind and 

water erosion mechanisms are not expected to be significant because the ground cover serves to limit the 
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erosion of soils. Additionally, it is unknown whether clean fill has been placed over the dredge spoil.  If 

clean fill is present it will limit the access to the spoils and potential discharges by mechanical means to 

the environment and receptors.  The native soil is expected to be 10 to15 feet bgs.  

 

Groundwater:   Because of its proximity to Lake Michigan, groundwater levels and groundwater quality at 

the site are expected to fluctuate and be directly influenced by changes in lake level.  Impacts of 

groundwater on the surface water as a result of the contaminants in the dredge spoils are expected to be 

slight due to an extensive amount of dilution and dispersion within the lake.  

 

Surface Water:  Stormwater runoff from the site is not collected; it is discharged to Lake Michigan directly.  

As discussed above, much of Site 12 is vegetated; therefore, stormwater runoff is not expected to be 

significant.   

 

Potential Receptors 

Human receptors potentially exposed to contaminants at Site 12 include people who use the site as a 

picnic and recreational area, workers who maintain the recreational area and construction workers.  

There are no plans to redevelop this site; however, if it were to be redeveloped in the future for residential 

purposes, then residents and trespassers would be possible receptors.  These receptors could be 

exposed to chemicals in surface soil through direct contact exposure pathways (i.e., incidental ingestion 

of soil, dermal contact with soil, and inhalation of chemicals volatilized from soil or emitted with dust from 

the soil).  The construction worker could be exposed to chemicals in subsurface soil through direct 

contact exposure pathways.  If Site 12 is redeveloped in the future and subsurface soil is brought to the 

surface as part of the redevelopment, future residents, occupational workers, recreational users, or 

adolescent and adult trespassers could be exposed to chemicals in subsurface soil through direct contact 

exposure pathways.  A further description of potential human receptors and exposure routes is provided 

in the human health risk assessment (HHRA) methodology in Appendix C. 

 

Potential ecological receptors include aquatic macroinvertebrate in Lake Michigan. Ecological risks to 

macroinvertabrates from erosion of the contaminated soil into the harbor will be evaluated.  No 

threatened or endangered species are known to occur on or near Site 12.  
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SAP Works hee t #11 -- P ro jec t Qua lity Objec tives /Sys tematic  P lanning  Proces s  

S ta tements   

(UFP-QAPP Manual Section 2.6.1) 
 

11.1 PROBLEM DEFINITION 

Based on data collected during past investigations, it has been determined that soil at Site 12 may be 

contaminated with metals, PCBs, pesticides, PAHs, and SVOCs from the fill material (dredged sediments 

from the harbor or unkown fill sources).  Human and ecological receptors (macroinvertabrates) could be 

at risk if they are exposed to contaminated soil.  The nature and extent of contamination, if any, at Site 

12, and the degree of risk to human and ecological receptors (macroinvertabrates ) are unknown and 

must be characterized so that appropriate actions can be taken to mitigate unacceptable risks.  If risks 

are acceptable, then no further action (NFA) will be recommended for the site.   
 

11.2 INFORMATION INPUTS 

To resolve the problem identified in Section 11.1, the following physical and chemical data will be 

collected at Site 12: 

 

1) Surface soil and subsurface soil chemical data will be collected to determine the nature and extent of 

Target Compound List (TCL), PAHs, SVOCs, PCBs, pesticides, and Target Analyte List (TAL) metals 

(see Worksheet #15).  The sampling methods are presented in Worksheet #18, and the chosen 

analytical methods are presented in Worksheet #19 and Appendix D.  Analytical methods were 

selected to provide enough sensitivity to support the attainment of project objectives.  

 

2) Visual screening of Direct Push Technology (DPT) cores will also be used to determine the presence 

of dredge spoils or other materials that may contribute to contamination.  Tetra Tech SOP SA-1.3 

(Appendix E) will be used to conduct the screening.  

 
3) To estimate the limit of dredge spoils, it will only be necessary to use visual observation of samples 

collected from soil borings.   

 

4) Illinois EPA background concentrations for metals and polynuclear aromatic hydrocarbons (PAHs) 

(35 IAC 742 Appendix A: Table G.  Concentrations of Inorganic Chemicals in Background Soils) will 

be used to ensure that measured soil concentrations consistent with background concentrations are 

not inadvertently considered to be contaminated. 

 
5) Locations of soil borings will be measured by a global positioning system (GPS) with sub-meter 

accuracy.  All horizontal surface coordinates will be surveyed using the North American Datum (NAD) 
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83 SPCS Illinois East (feet) coordinate system.  All ground surface elevations will be reported using 

the North American Vertical Datum (NAVD) 1988. 

 

6) Lithology data for borings.  These data will be collected during boring operations and sampling will be 

done in accordance with Tetra Tech SOPs (SOP GH-1.5 in Appendix E) and Illinois state regulations. 

 
7) Water level readings will be performed in the test borings immediately upon completion to help with 

sample selection.  

 
Project Action Limits 

The Site 12 RI requires the collection of chemical data that can be used to characterize the site and 

conduct a screening level human health risk assessment.  The soil Project Action Limits (PALs) are set at 

the lowest matrix-specific, risk-based or regulatory human health screening criteria appropriate for the 

site.  The complete list of applicable screening values for the selected analytes is presented in 

Worksheet #15, and the derivation of PALs is provided in Appendix F. The PALs for this investigation are 

as follows: 

 

• USEPA, 2009.  Residential Regional Screening Levels for Chemical Contaminants in Soil at 

Superfund Sites developed by Oak Ridge National Laboratory (ORNL).  

 

• Illinois Pollution Control Board, 2007.  Title 35 of the Illinois Administrative Code (IAC) Section 742: 

TACO, Appendix C, Table A, B, C, Tier 1 Soil Remediation Objectives. 

 

• Threshold Effects Concentration from MacDonald, D.D., C.G. Ingersoll, and T.A. Berger, 2000.  

“Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater 

Ecosystems.”  Archives of Environmental Contamination and Toxicology, Vol. 39, pp. 20-31. 

 

• Ontario Ministry of Environment (OMOE), 1993.  Guidelines for the Protection and Management of 

Aquatic Sediment Quality in Ontario.  Ontario Ministry of Environment and Energy.  August. 

 

• Illinois EPA, 2000.  Tiered Approach for Evaluation and Remediation of Petroleum Product Releases 

to Sediments.  Draft, Update 2.  Office of Chemical Safety. September 21. 

 

To conduct the investigation of soil, the selected laboratory must be able to achieve limits of quantitation 

(LOQs) that are low enough to measure constituent concentrations below the PALs.  Worksheet #15 is 

the first step used to select chemicals of potential concern (COPCs) as stated in Appendix C, Human 

Health Risk Assessment Work Plan based on the PALs.  If the PAL falls below the MDL for a particular 
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analyte or analytes, this will require evaluation of these chemicals as stated in Appendix C, Human Health 

Risk Assessment Work Plan in the uncertainty section of the Risk Assessment Report. 

 

11.3 TEMPORAL AND SPATIAL BOUNDARIES 

Site 12 is spatially bounded by the former location of the sewage treatment plant on the north, an 

approximately 50-foot high wooded bluff on the west, a concrete pier on the south, and Lake Michigan on 

the east (Figure 10-2).  For this evaluation, if a risk assessment is required, the site will be evaluated as 

one exposure unit.   

 

Two major soil fill populations are of interest.  For contaminant delineation, a population of soil fill (as 

opposed to native soil) with chemical concentrations exceeding the applicable screening criteria must be 

delineated to determine the extent of contamination.  Bounding this population are chemical 

concentrations in soil fill that are less than or equal to the applicable screening criteria and considered 

uncontaminated.  Because the project focus is to establish contamination related to dredge spoils within 

Site 12, it is important to stay within the established Site 12 boundary, and to avoid investigating 

contamination unrelated to dredge spoils.  This means that areas located physically upgradient of dredge 

spoils, such as north of the bulkhead wall and west of the bluff, are not of interest.  The depth to native 

soils beneath the dredge spoils is of interest in order to define the vertical extent of the spoil. 

 

Within these two soil populations, the Project Team must distinguish between surface and subsurface soil 

because they are treated differently for risk assessment.  Surface soil is defined for this project to be 0 to 

6 inches bgs.  Subsurface soil is defined to be soil from the bottom of the surface soil interval to the depth 

where native soil is encountered. 

 

The Project Team plans to limit the data collection to a single field event, after which a decision will be 

made about whether to deem NFA for the site or, to proceed to a Feasibility Study (FS).   Sampling in the 

warmer months is preferred to winter sampling because of problems that occur with ground freezing and 

discomfort to field crews.  Site 12 RI field activities will be conducted late 2010 or early 2011. 

 

11.4  ANALYTIC APPROACH 

Decision rules are provided below for delineating contamination and for evaluating human health and 

ecological risks.   
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Rule for Delineating Contamination 

The vertical extent of contamination will be determined by analyzing contaminant concentrations and 

making visual observations of samples obtained from the soil borings.  Historical aerial photographs and 

physical limitations will primarily be used to establish the lateral boundaries of the dredge spoil deposition. 

If contamination is bounded during the initial sampling event, then no more data will be collected and 

delineation is complete.  If delineation is not complete, then return to the site for additional data collection 

to complete delineation.  

 

Rule for Human Health Assessment of Soil 

For the human health risk assessment of soil, risks and hazard indices will be calculated for direct contact 

exposures to soil. The rules governing data use for the human health risk assessment for all chemicals 

except lead are as follows: 

 

• If the Incremental Lifetime Cancer Risk (ILCR) is greater than 1 x 10-4 or if the HQ is between 0.1 

and 1 for any receptor or the hazard quotient (HQ) is greater than 1, the Project Team will proceed to 

a FS in order to evaluate remedial alternatives. 

 

• If the ILCR is within the target risk range of 1 x 10-6 to 1 x 10-4, and if the HQ is between 0.1 and 1 for 

residential receptors, and chemical-specific Applicable or Relevant and Appropriate Requirements 

(ARARs) are exceeded, the Project Team will meet to consider risk management options such as an 

engineering estimate/cost analysis (EE/CA) or a FS.   

 

• If the risks are less than risk thresholds for residential receptors (ILCR less than 1 x 10-6, and HQ less 

than 1.0), NFA will be recommended.    

 

If lead is a COPC in soil, then the USEPA models for evaluating direct contact exposures to lead in soil 

(child lead model and adult lead model) will be used. In this case, if calculated blood lead levels in child or 

adult receptors exceed USEPA guidelines of less than 5 percent of the target populations (young children 

and adult females) having blood lead levels exceeding 10 micrograms per deciliter, then an FS will be 

recommended; otherwise, an NFA will be recommended (with respect to lead only). 

 

Risk estimates for soil will be based on the 95 percent upper confidence level (UCL) for all chemicals 

except lead; lead risk estimates will be based on the mean concentration of lead.  Human receptors for 

which risks will be evaluated are identified in the CSM in Worksheet #10.  Even though residential risk is 

used as the basis for decisions, all receptor risks will be evaluated in accordance with the CSM and 

documented in the project report to support an FS or any other future work that is conducted. 
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11.5 PERFORMANCE OR ACCEPTANCE CRITERIA 

Since substantial data had already been collected from the Site and from Pettibone Creek, which was the 

source area for the dredged sediments at Site 12, it was determined by the Project Team that 10 samples 

of each media would be collected during the RI.  Ten samples are the minimum number of samples 

required to achieve the specified decision performance if the inputs are correct.  The sampling design 

was based on a judgmental approach utilizing data from past sampling events and knowledge of historical 

construction activities.   

 

11.6 DATA COLLECTION PLAN 

The data collection design and rationale are presented in Worksheet #17. 

 



- 
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SAP Works hee t #12 -- Meas urement Performance  Crite ria  Table  Fie ld  Quality Con tro l Sample   

(UFP-QAPP Manual Section 2.6.2) 
 

 

QC Sample Analytical Group Frequency 
Data Quality Indicators 

(DQIs) 
Measurement 

Performance Criteria 

QC Sample 
Assesses Error 

for Sampling (S), 
Analytical (A) or 

both (S&A) 

Field Duplicate All Fractions One per 10 field 
samples collected. Precision Relative Percent 

Difference (RPD) < 30% S&A 

Cooler Temperature 
Indicator All Fractions One per cooler. Representativeness 

Temperature between 2 
and 6 degrees Celsius (4 
± 2 °C). 

S 
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SAP Works hee t #13 -- Secondary Da ta  Crite ria  and  Limita tions  Table  

(UFP-QAPP Manual Section 2.7) 
 

Secondary Data 

 

Data Source 

 
Data Generator(s) How Data Will Be Used 

Limitations on Data 
Use 

Historical Aerial 
Photographs NS Great Lakes  

NS Great Lakes Aerial 
Photographs taken from 1939 to 
2002 

Aerial photographs were 
used to identify possible 
sources of contamination 
and active dates of use. 

No Limitations. 

Previous Site 
Investigation Dames & Moore 

Technical Memorandum on the 
Remedial Investigation 
Verification Step for the Naval 
Training Center, Great Lakes, 
Illinois, 1991 

Soil sampling locations and 
analysis data were used to 

help establish sampling 
locations and parameters 

for testing. 

VOC and metal data 
could not be 

validated and cannot 
be used; pesticide 

and PCB data were 
validated and can be 

used. 
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SAP Works hee t #14 -- Summary of Pro jec t Tas ks  

(UFP-QAPP Manual Section 2.8.1)   
   
Site 12 RI field tasks are summarized below.  All data recording and management procedures are 

described in Worksheet #29. 

 
• Mobilization/demobilization 

• Site-specific health and safety training (see HASP) 

• Utility clearance/digging permit acquisition 

• DPT boring 

• Investigation-derived waste (IDW) management 

• Land surveying 

• Field decontamination procedures 

• Field documentation procedures 

• Analytical tasks 

• Data management tasks 

 
14.1 MOBILIZATION/DEMOBILIZATION 

Mobilization will consist of the delivery of all equipment, materials, and supplies to the site, the complete 

assembly in satisfactory working order of all equipment at the site, and the satisfactory storage at the site 

of all materials and supplies.  Tetra Tech will coordinate with the base to identify locations for the storage 

of equipment and supplies.   

 

Demobilization shall consist of the prompt and timely removal of all equipment, materials, and supplies 

from the site following the completion of work.  Demobilization will also include the cleanup and removal 

of waste generated during the investigation. 

 
14.2 UTILITY CLEARANCE/DIGGING PERMIT AQUISITION 

Potential underground utilities will be located and marked after a review of property maps and surface 

indications of utilities.  See SOP HS-1.0 in Appendix E for locating underground utilities.  The utility 

clearance will include contacting the Illinois one call system Joint Utility Locating Information for 

Excavators (JULIE) and NS Great Lakes Public Works personnel.  Digging permits will be obtained prior 

to conducting intrusive activities. 
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14.3 DPT BORING 

Soil will be collected from two intervals: surface and subsurface soils. Surface soil will be collected 0 to 

6 inches below the ground surface. Subsurface soil will be and 6 inches below the ground surface to the 

depth where native soil is encountered. Soil sampling will occur at 10 locations using DPT.  Therefore, a 

total of 20 soil samples will be collected.  Each soil interval will be visually inspected and any signs of 

potential contamination (such as odor or staining) will be noted.  These data will be used to select the soil 

sample to be tested.  For each interval, a sample will be collected from an area where odor or staining 

was located.  The methodology for sample collection is described in SOP SA-2.5 in Appendix E.  All 

borings will be logged in accordance with SOP GH-1.5.  The sample numbering scheme will be in 

accordance with SOP CT-04.  Methods for recording data are included in SOP SA-6.3.  

 

14.4 WATER LEVEL MEASUREMENTS 

Water level measurements will be collected in the open borings and included on the boring logs.   

 

14.5 INVESTIGATION-DERIVED WASTE MANAGEMENT 

IDW will consist of decontamination water from cleaning field equipment and soil cuttings.  Personal 

Protective Equipment (PPE), such as nitrile gloves or groundwater sampling tubing, will be disposed of as 

municipal waste and placed in a nearby dumpster.  All other IDW will be containerized by Tetra Tech in 

Department of Transportation (DOT) -approved (DOT specification 17C) 55-gallon drums, labeled as 

IDW, and stored in a centralized location.  Tetra Tech SOP SA-7.1 (Decontamination of Field Equipment) 

is provided in Appendix E and details general procedures for management and labeling of IDW.    

 

Under oversight by Tetra Tech, the drilling subcontractor(s) will be responsible for providing, filling, 

sealing, and moving the drums to a centralized area specified by the base point of contact during 

mobilization.  The drums must be generally clean prior to moving to the centralized storage area, and will 

be labeled by Tetra Tech with an IDW label (see Attachment A of Tetra Tech SOP SA-7.1 in Appendix E) 

as soon as possible after they are filled.  The drums will be arranged into rows (no more than two drums 

deep) by the drilling subcontractor(s), with liquids and solids segregated, for easy access. 

 

One composite IDW sample will be collected by Tetra Tech to characterize the solid waste for proper 

disposal.  The IDW solid sample will be submitted to Empirical for toxicity characteristic leaching 

procedure (TCLP) VOCs, SVOCs, pesticides, herbicides, and metals and NS Great Lakes required 

analyses [BTU; flash point; pH; reactive with acid, base, and water; reactive with cyanide and sulfide; 

PCBs; water content (karl fisher); and paint filter test].  One aqueous IDW sample of decontamination 

water will be submitted to Empirical for TCL SVOCs, Pesticides, PCBs, and TAL Metals. The samples will 
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be submitted to the laboratory with a 7-day turnaround time.  Analytical data for the two IDW samples will 

then be provided to NS Great Lakes for characterization of the solid and aqueous wastes and 

determination of proper disposal methods.  NS Great Lakes will be responsible for contracting an 

approved IDW vendor to properly dispose of the IDW drums.  Manifests for the IDW disposal will be 

maintained by NS Great Lakes.  Copies of the manifest will be included in the RI report. 

 

14.6 LAND SURVEYING 

A GPS with sub-meter accuracy survey will be used to locate the soil sampling locations.  Horizontal 

locations shall be referenced to the Illinois State Plane Coordinate System (SPCS), North American 

Datum of 1983 (NAD 83).  Vertical locations (elevations) shall be referenced to Mean Sea Level, North 

American Vertical Datum 1988 (NAVD 88).   

 

14.7 FIELD DECONTAMINATION PROCEDURES 

Sample containers that are certified clean will be provided by Empirical.  Decontamination of sampling 

equipment will be conducted prior to and between sampling at each location.  At each site, an 

abbreviated decontamination procedure consisting of a soapy water (laboratory-grade detergent) rinse 

followed by a deionized (DI) water rinse will be performed.  However, if free product is encountered, a 

more elaborate decontamination of equipment will be conducted in accordance with Tetra Tech 

SOP SA-7.1. 

 

14.8 FIELD DOCUMENTATION PROCEDURES 

Field documentation will be performed in accordance with SOP SA-6.3 presented in Appendix E. 

 

A summary of all field activities will be properly recorded in a bound logbook with consecutively numbered 

pages that cannot be removed.  Logbooks will be assigned to field personnel and will be stored in a 

secured area on base when not in use.   

 

At a minimum, the following information will be recorded in the site logbook: 

 

• Name of the person to whom the logbook is assigned. 

• Project name. 

• Project start date. 

• Names and responsibilities of on-site project personnel including subcontractor personnel. 

• Names, affiliations, and arrival/departure times of site visitors. 

• Descriptions and arrival/departure times of on-site equipment. 
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• Sampling activity information and sample log sheet references. 

• Descriptions of subcontractor activities. 

• Sample information including chain-of-custody form numbers and air bill numbers, carrier, time, and 

date. 

• Descriptions of borehole and monitoring well installation activities and operations. 

• Health and safety issues. 

• Descriptions of photographs including date, time, photographer, picture number, location, and 

compass direction of photograph, and what the photo is intending to show. 

 

All entries will be written in ink, and no erasures will be made.  If an incorrect entry is made, the person 

making the correction will strike a single line through the incorrect information, write in the correct 

information and initial and date the change. 

 

14.9 ANALYTICAL TASKS 

Chemical analysis will be performed by Empirical.  Empirical is a current Department of Defense 

Environmental Laboratory Accreditation Program (DoD ELAP) approved laboratory.  A copy of the 

laboratory certification for can be found in Appendix D.  Analyses will be performed in accordance with 

the analytical methods identified in Worksheet #19.  Empirical is expected to meet the PALs to the extent 

identified in Worksheet #15.  Empirical will perform chemical analysis following laboratory-specific SOPs 

(Worksheets #19 and #23) developed based on the analytical methods listed in Worksheets #19 and 

#30.  Copies of the Laboratory SOPs are included in Appendix D.  

 

14.10 DATA MANAGEMENT TASKS 

This section describes how the project information will be managed, organized, and maintained for 

efficient use by project personnel.  The information management process is outlined from the point of 

data generation to ultimate storage. 

 

Sample Collection and Field Measurements Data Package Deliverables 

Sample collection data will be collected in accordance with the sample collection SOPs in Appendix E.  In 

addition, calibration data will also be provided in accordance with the SOPs in Appendix E. 

 

Off-site Laboratory Data Package Deliverables 

Data package deliverable requirements are detailed in SAP Worksheet #30 (Analytical Services).   
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Data packages will be provided as both hardcopy and portable document format (.PDF).  Empirical 

Laboratories will provide a Naval Installation Restoration Information Solution (NIRIS)-compatible 

electronic data deliverable (EDD).  Data packages will be contract laboratory program (CLP)-equivalent 

(i.e., they will contain CLP-equivalent summary forms and raw data).  The standard turnaround time for 

analytical services is 28 calendar days.  Turnaround time will be measured from the laboratory receipt of 

the last samples in a sample delivery group (SDG).  SDGs must contain 20 samples (no more than 20 

and only less if the entire sampling event had less than 20 samples).  Data will be stored by the analytical 

laboratory for 5 years. 

 

Data Reporting Formats 

Field data will be recorded in the field.  Examples of the forms to be used in the field are presented in 

Appendix E of this SAP.  

 

Data Handling and Management 

The data-handling procedures to be followed by the laboratory will meet the standard Tetra Tech 

requirements in the laboratory subcontracts.  The analytical and field data will be maintained in the project 

files.  The project files will contain hard copies of the chain-of-custody forms, sample log forms, sample 

location maps, and documentation of QA of data manipulation.  These forms are included in the 

applicable SOPs in Appendix E of this SAP. 

 

Data Tracking and Control 

A “cradle-to-grave” sample tracking system will be used from the beginning to the end of the investigation.  

Before field mobilization, the Tetra Tech FOL will coordinate/initiate the sample tracking process.  If using 

e-DATA, the Tetra Tech FOL will print the sample jar labels at the time of sampling.  The Tetra Tech FOL 

will review the labels for completeness of information and adherence to sampling plan requirements, as 

well as for accuracy.  The Tetra Tech FOL and/or Tetra Tech PM will make sure that the analytical 

laboratory is aware of the number and type of samples and analyses that are about to be requested. 

 

When field sampling is underway, the Tetra Tech FOL will forward the chain-of-custody forms to the Tetra 

Tech PM or designee via facsimile at the end of each day.  The Tetra Tech PM or designee will compare 

the entries on the chain-of-custody forms with the sample tracking database, and enter the sample date 

and other sample information as appropriate.  The Tetra Tech PM or designee will also confirm that the 

chain-of-custody forms provide the information required by the sampling plan.  This will allow for early 

detection of errors made in the field so that adjustments can be made while the crew is mobilized.  After 

successful completion of the requested analyses, the laboratory will submit an EDD for every SDG.  
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When the EDDs have been received from the laboratory, the Tetra Tech PM will make sure that the 

laboratory performed the requested analyses.  Ideally, discrepancies will be noted early enough so that 

the samples can be analyzed within the prescribed holding times. 
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SAP Works hee t #15 -- Refe rence  Limits  and  Eva lua tion  Table  

(UFP-QAPP Manual Section 2.8.1) 
 
Matrix: Soil 
Analytical Group:  TAL Metals 
 

  

CAS Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

METALS SW-846 6010C (mg/kg)   
      ALUMINUM 7429-90-5 55000 EPA 18000 20 10 5 

ANTIMONY 7440-36-0 0.66 EPA 0.22 1.0 0.50 0.25 

ARSENIC 7440-38-2 0.0013 EPA 0.00043 0.25 0.20 0.15 

BARIUM 7440-39-3 300 EPA 100 2.0 1.0 0.50 
BERYLLIUM 7440-41-7 58 EPA 19 0.25 0.125 0.05 
CADMIUM 7440-43-9 1.4 EPA 0.47 0.25 0.125 0.05 
CALCIUM 7440-70-2 NC NC NC 1000 500 250 
CHROMIUM 7440-47-3 230 IL TACO 77 0.50 0.25 0.10 
COBALT 7440-48-4 0.49 EPA 0.16 0.60 0.40 0.20 

COPPER 7440-50-8 51 EPA 17 1.0 0.50 0.25 
IRON 7439-89-6 640 EPA 210 10 5.0 2.5 
LEAD 7439-92-1 107 IL TACO 36 0.50 0.25 0.10 
MAGNESIUM 7439-95-4 NC NC NC 1000 500 200 
MANGANESE 7439-96-5 57 EPA 19 1.0 0.50 0.25 
MERCURY 7439-97-6 0.03 EPA 0.01 0.03 0.02 0.01 
NICKEL 7440-02-0 48 EPA 16 1.0 0.50 0.25 
POTASSIUM 7440-09-7 NC NC NC 1000 500 200 
SELENIUM 7782-49-2 0.95 EPA 0.32 0.50 0.25 0.15 
SILVER 7440-22-4 1.6 EPA 0.53 0.50 0.25 0.15 
SODIUM 7440-23-5 NC NC NC 1000 500 200 
THALLIUM 7440-28-0 NC NC NC 0.50 0.25 0.15 
VANADIUM 7440-62-2 180 EPA 60 1.0 0.50 0.25 
ZINA 7440-66-6 680 EPA 230 2.0 1.0 0.50 
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Matrix: Soil 
Analytical Group:  TCL Semivolatiles (including low level PAHs) 
 

  

CAS 
Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

SVOCs including low level PAHs SW-846 8270C (μg/kg)    

BIS(2-CHLOROETHYL)ETHER 111-44-4 0.031 EPA 0.01 333 133 30 

2-CHLOROPHENOL 95-57-8 150 EPA 50 333 133 30 

PHENOL 108-95-2 6300 EPA 2100 333 133 30 
HEXACHLOROETHANE 67-72-1 2.9 EPA 0.97 333 133 30 

N-NITROSO-DI-N-PROPYLAMINE 621-64-7 0.0072 EPA 0.0024 333 133 30 

NITROBENZENE 98-95-3 0.079 EPA 0.026 333 133 30 

2-METHYLPHENOL 95-48-7 1500 EPA 500 333 133 30 
ISOPHORONE 78-59-1 23 EPA 7.7 333 133 30 

4-METHYLPHENOL 106-44-5 150 EPA 50 333 133 30 

1,1-BIPHENYL 92-52-4 19000 EPA 6300 333 133 30 
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 0.12 EPA 0.04 333 133 30 

2,4,5-TRICHLOROPHENOL 95-95-4 14000 EPA 4700 333 133 30 
2,4,6-TRICHLOROPHENOL 88-06-2 23 EPA 7.7 333 133 30 

2,4-DICHLOROPHENOL 120-83-2 130 EPA 43 333 133 30 

2,4-DIMETHYLPHENOL 105-67-9 860 EPA 290 333 133 30 
2,4-DINITROPHENOL 51-28-5 82 EPA 27 333 133 30 

2,4-DINITROTOLUENE 121-14-2 0.29 EPA 0.097 333 133 30 

2,6-DINITROTOLUENE 606-20-2 0.7 IL TACO 0.23 333 133 30 

2-CHLORONAPHTHALENE 91-58-7 15000 EPA 5000 333 133 30 
2-NITROANILINE 88-74-4 140 IL NON-TACO 47 333 133 30 
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 CAS 
Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        
2-NITROPHENOL 88-75-5 NC NC NC 333 133 30 
3,3'-DICHLOROBENZIDINE 91-94-1 0.98 EPA 0.33 333 133 30 

3-NITROANILINE 99-09-2 10 IL NON-TACO 3.3 333 133 30 

4,6-DINITRO-2-METHYLPHENOL 534-52-1 3.1 IL NON-TACO 1 333 133 30 

4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC 333 133 30 
4-CHLORO-3-METHYLPHENOL 59-50-7 4300 EPA 1400 333 133 30 
4-CHLOROANILINE 106-47-8 0.14 EPA 0.047 333 133 30 

4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC 333 133 30 
4-NITROANILINE 100-01-6 1.4 EPA 0.47 333 133 30 

4-NITROPHENOL 100-02-7 NC NC NC 333 133 30 
ACETOPHENONE 98-86-2 1100 EPA 370 333 133 40 
ATRAZINE 1912-24-9 0.19 EPA 0.063 333 133 30 

BENZALDEHYDE 100-52-7 810 EPA 270 333 133 55 
BIS(2-CHLOROETHOXY)METHANE 111-91-1 25 EPA 8.3 333 133 30 

BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 1100 EPA 370 333 133 30 
BUTYL BENZYL PHTHALATE 85-68-7 510 EPA 170 333 133 30 
CAPROLACTAM 105-60-2 4500 EPA 1500 333 133 67 
CARBAZOLE 86-74-8 600 IL TACO 200 333 133 30 
DIBENZOFURAN 132-64-9 820000 IL NON-TACO 270000 333 133 30 
DIETHYL PHTHALATE 84-66-2 12000 EPA 4000 333 133 30 
DIMETHYL PHTHALATE 131-11-3 NC NC NC 333 133 30 
DI-N-BUTYL PHTHALATE 84-74-2 9200 EPA 3100 333 133 30 
DI-N-OCTYL PHTHALATE 117-84-0 1600000 IL TACO 530000 333 133 30 
HEXACHLOROBENZENE 118-74-1 0.53 EPA 0.18 333 133 30 

HEXACHLOROBUTADIENE 87-68-3 1.7 EPA 0.57 333 133 30 

HEXACHLOROCYCLOPENTADIENE 77-47-4 680 EPA 53 333 133 30 
N-NITROSODIPHENYLAMINE 86-30-6 75 EPA 25 333 133 30 

PENTACHLOROPHENOL 87-86-5 5.7 EPA 1.9 333 133 30 
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 CAS 
Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

Low Level PAHs 

2-METHYLNAPHTHALENE    91-57-6 0.75 EPA 0.25 0.00667 0.00333 0.00167 
ACENAPHTHENE 83-32-9 22 EPA 7.3 0.00667 0.00333 0.00167 
ACENAPHTHYLENE 208-96-8 85 IL NON-TACO 28.3 0.00667 0.00333 0.00167 
ANTHRACENE 120-12-7 360 EPA 120 0.00667 0.00333 0.00167 
BENZO(A)ANTHRACENE 56-55-3 0.01 EPA 0.0033 0.00667 0.00333 0.00167 
BENZO(A)PYRENE   50-32-8 0.0035 EPA 0.00117 0.00667 0.00333 0.00167 

BENZO(B)FLUORANTHENE 205-99-2 0.035 EPA 0.0117 0.00667 0.00333 0.00167 
BENZO(G,H,I)PERYLENE 191-24-2 2300 IL NON-TACO 770 0.00667 0.00333 0.00167 
BENZO(K)FLUORANTHENE 207-08-9 0.35 EPA 0.117 0.00667 0.00333 0.00167 
CHRYSENE 218-01-9 1.1 EPA 0.37 0.00667 0.00333 0.00167 
DIBENZO(A,H)ANTHRACENE   53-70-3 0.011 EPA 0.0037 0.00667 0.00333 0.00167 
FLUORANTHENE 206-44-0 160 EPA 53.3 0.00667 0.00333 0.00167 
FLUORENE 86-73-7 27 EPA 9 0.00667 0.00333 0.00167 
INDENO(1,2,3-CD)PYRENE 193-39-5 0.12 EPA 0.04 0.00667 0.00333 0.00167 
NAPHTHALENE 91-20-3 0.00047 EPA 0.00016 0.00667 0.00333 0.00167 

PHENANTHRENE 85-01-8 200 IL NON-TACO 66.7 0.00667 0.00333 0.00167 
PYRENE 129-00-0 120 EPA 40 0.00667 0.00333 0.00167 

 



Project-Specific SAP – Worksheet #15 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 42 of 93 CTO F27A 

Matrix: Soil 
Analytical Group:  PCBs 

  

CAS 
Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

PCBs SW-846 8082A (μg/kg) 
       AROCLOR-1016 12674-11-2 92 EPA 31 33 17 8 

AROCLOR-1221 11104-28-2 0.12 EPA 0.04 33 17 8 

AROCLOR-1232 11141-16-5 0.12 EPA 0.04 33 17 8 

AROCLOR-1242 53469-21-9 5.3 EPA 1.8 33 17 8 

AROCLOR-1248 12672-29-6 5.2 EPA 1.7 33 17 8 

AROCLOR-1254 11097-69-1 8 EPA 2.9 33 17 8 

AROCLOR-1260 11096-82-5 24 EPA 8 33 17 8 

TOTAL AROCLOR 1336-36-3 220 EPA 73 33 17 8 
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Matrix: Soil 
Analytical Group:  Pesticides  
 

  

CAS Number 
Project Action 

Limit (PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

 Empirical  

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

PESTICIDES SW-846 8081B (μg/kg) 
       4,4' DDD 72-54-8 86 USEPA 28 0.66 0.33 0.16 

4,4'-DDE 72-55-9 60 USEPA 20 0.66 0.33 0.16 
4,4'-DDT 50-29-3 87 USEPA 29 0.66 0.33 0.16 
ALDRIN 309-00-2 0.84 USEPA 0.28 0.66 0.33 0.16 
ALPHA-BHC 319-84-6 0.074 USEPA 0.025 0.66 0.33 0.16 

ALPHA-CHLORDANE 5103-71-9 NC NC NC 0.66 0.33 0.16 
BETA-BHC 319-85-7 0.26 USEPA 0.087 0.66 0.33 0.16 

DELTA-BHC 319-86-8 NC NC NC 0.66 0.33 0.16 
DIELDRIN 60-57-1 0.09 USEPA 0.03 0.66 0.33 0.16 

ENDOSULFAN I 959-98-8 9,700 USEPA 3200 0.66 0.33 0.16 
ENDOSULFAN II 33213-65-9 9,700 USEPA 3200 0.66 0.33 0.16 
ENDOSULFAN SULFATE 1031-07-8 9,700 USEPA 3200 0.66 0.33 0.16 
ENDRIN 72-20-8 230 USEPA 77 0.66 0.33 0.16 
ENDRIN ALDEHYDE 7421-93-4 230 USEPA 77 0.66 0.33 0.16 
ENDRIN KETONE 53494-70-5 230 USEPA 77 0.66 0.33 0.16 
GAMMA-BHC (LINDANE) 58-89-9 0.43 USEPA 0.14 0.66 0.33 0.16 

GAMMA-CHLORDANE 5103-74-2 NC NC NC 0.66 0.33 0.16 
HEPTACHLOR 76-44-8 1.6 USEPA 0.53 0.66 0.33 0.16 
HEPTACHLOR EPOXIDE 1024-57-3 0.079 USEPA 0.026 0.66 0.33 0.16 

METHOXYCHLOR 72-43-5 3400 USEPA 1100 0.66 0.33 0.16 
TOXAPHENE 8001-35-2 12 USEPA 4 66 33 11 
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 Matrix: IDW Solids 
Analytical Group:  Toxicity Characteristic Leaching Procedure (TCLP) Metals 

Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L)

 

Empirical 

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

ARSENIC 7440-38-2 5 RCRA 40 CFR 261.24 1.7 0.1 0.03 

BARIUM 7440-39-3 100 RCRA 40 CFR 261.24 33 2 0.05 

CADMIUM 7440-43-9 1 RCRA 40 CFR 261.24 0.33 0.05 0.01 

CHROMIUM 7440-47-3 5 RCRA 40 CFR 261.24 1.7 0.1 0.02 

LEAD 7439-92-1 5 RCRA 40 CFR 261.24 1.7 0.03 0.015 

MERCURY 7439-97-6 0.2 RCRA 40 CFR 261.24 0.067 0.002 0.0008 

SELENIUM 7782-49-2 1 RCRA 40 CFR 261.24 0.33 0.05 0.03 

SILVER 7440-22-4 5 RCRA 40 CFR 261.24 1.7 0.1 0.01 
 

Matrix: IDW Solids 
Analytical Group:  TCLP VOCs  

Analyte 
CAS 

Number 

PAL
(4)  

 

(ug/L) 
PAL Reference 

PQLG  
(ug/L)

 

Empirical 

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

BENZENE 71-43-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

CARBON TETRACHLORIDE 56-23-5 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

CHLOROBENZENE 108-90-7 100 RCRA 40 CFR 261.24 33 0.01 0.0033 

CHLOROFORM 67-66-3 6 RCRA 40 CFR 261.24 2.0 0.01 0.0033 

1,2-DICHLOROETHANE 107-06-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

1,1-DICHLOROETHENE 75-35-4 0.7 RCRA 40 CFR 261.24 0.23 0.01 0.0033 

2-BUTANONE 78-93-3 200 RCRA 40 CFR 261.24 67 0.1 0.033 

TETRACHLOROETHENE 127-18-4 0.7 RCRA 40 CFR 261.24 0.23 0.01 0.0033 

TRICHLOROETHENE 79-01-6 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

VINYL CHLORIDE 75-01-4 0.2 RCRA 40 CFR 261.24 0.067 0.02 0.0033 
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Matrix: IDW Solids 
Analytical Group:  TCLP SVOCs  

Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L)

 

Empirical  

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

O-CRESOL 95-48-7 200 RCRA 40 CFR 261.24 67 0.05 0.01 

M-CRESOL 95-48-7 200 RCRA 40 CFR 261.24 67 0.05 0.01 

P-CRESOL 106-44-5 200 RCRA 40 CFR 261.24 67 0.05 0.01 

1,4-DICHLOROBENZENE 106-46-7 7.5 RCRA 40 CFR 261.24 2.5 0.05 0.01 

2,4-DINITROTOLUENE 121-14-2 0.13 RCRA 40 CFR 261.24 0.043 0.05 0.01 

HEXACHLOROBENZENE 118-74-1 0.13 RCRA 40 CFR 261.24 0.043 0.05 0.01 

HEXACHLORO-1,3-BUTADIENE 87-68-3 0.5 RCRA 40 CFR 261.24 0.17 0.05 0.01 

HEXACHLOROETHANE 67-72-1 3 RCRA 40 CFR 261.24 1.0 0.05 0.01 

NITROBENZENE 98-95-3 2 RCRA 40 CFR 261.24 0.67 0.05 0.01 

PENTACHLOROPHENOL 87-86-5 100 RCRA 40 CFR 261.24 33 0.2 0.02 

PYRIDINE 110-86-1 5 RCRA 40 CFR 261.24 1.7 0.2 0.02 

2,4,5-TRICHLOROPHENOL 95-95-4 400 RCRA 40 CFR 261.24 130 0.05 0.01 

2,4,6-TRICHLOROPHENOL 88-06-2 2 RCRA 40 CFR 261.24 0.67 0.05 0.01 
 
Matrix: IDW 
Analytical Group:  TCLP Pesticides 

Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG 
(ug/L)

 

Empirical  

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

CHLORDANE 57-74-9 0.03 RCRA 40 CFR 261.24 0.010 0.0005 0.0001 

ENDRIN 72-20-8 0.02 RCRA 40 CFR 261.24 0.0067 0.0001 0.00003 

HEPTACHLOR 76-44-8 0.008 RCRA 40 CFR 261.24 0.0027 0.0001 0.00003 

HEPTACHLOR EPOXIDE 1024-57-3 0.008 RCRA 40 CFR 261.24 0.0027 0.0001 0.00003 
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Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG 
(ug/L)

 

Empirical  

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

LINDANE 58-89-9 0.4 RCRA 40 CFR 261.24 0.13 0.0001 0.00003 

METHOXYCHLOR 72-43-5 10 RCRA 40 CFR 261.24 3.3 0.0001 0.00003 

TOXAPHENE 8001-35-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.002 
 
Matrix: IDW 
Analytical Group:  TCLP Herbicides 

 

Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L)

 

Empirical 

LOQ
 

(ug/L)
 

MDL  
(ug/L) 

2,4-D 94-75-7 10 RCRA 40 CFR 261.24 3.3 0.005 0.002 

2,4,5-TP (SILVEX) 93-72-1 1 RCRA 40 CFR 261.24 0.33 0.001 0.0002 
 
 
Notes: 
CAS = Chemical Abstract Service 
CFR = Code of Federal Regulations 
IL = Illinois 
MDL - Method Detection Limit   
RCRA = Resource Conservation Recovery Act  
TACO = Tiered Approach to Corrective Action Objectives 
mg/kg = Milligram per kilogram 
µg/kg = Microgram per kilogram 
mg = Milligrams 
NV = No Value. 
NC = Not Criteria. 
PAL = Project Action Limit 
PQLG = Project Quantitation Limit Goal 
 
 
1= The PAL is the lower screening value presented in either EPA or Illinois TACO criteria.  Appendix F screens all applicable screening criteria for 
each analyte and lists the lowest value.  Refer to Appendix F for the selection of each PAL. 
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2= The PAL reference is listed as either EPA for TACO (and NON – TACO) for each analyte based on the screening conducted in Appendix F for 
the lowest PAL value.  Refer to Appendix F for the exposure scenario that the PAL is based on. 
 
3= The Project Quantitation Limit Goal is one-third the value of the PAL. 
 
4= PALs for IDW management are based on disposal requirements in RCRA 40 CFR 261.24. 
   
Bolded cells indicate the PAL is less than the LOD but greater than the LOQ 
Shaded and bolded cells indicate the PAL is less than the LOD and LOQ. 
 
If the PAL falls below the MDL for a particular analyte or analytes, this will require evaluation of these chemicals as stated in Appendix B, Human 
Health Assessment Work Plan in the uncertainty section of the Risk Assessment Report. 
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SAP Works hee t #16 -- P ro jec t Schedule /Timeline  Table   

(UFP-QAPP Manual Section 2.8.2) 
 

 
Activity 

 
Organization 

 
Dates   

Deliverable 

 
Deliverable 
Due Date 

 
Anticipated Date  

of Initiation 

 
Anticipated Date of 

Completion 

Draft UFP-SAP/Field Sampling 
Plan/HASP Tetra Tech 10/3/09 3/23/10 Draft UFP-SAP 3/15/10 

Navy Review  NAVFAC Midwest  3/16/10 4/16/10 Navy Comments  4/16/10 

Resolve Comments Tetra Tech 4/19/10 4/23/10 Response to Comments 4/23/10 

Regulatory Review Illinois EPA 4/26/10 5/21/10 Illinois EPA Comments 5//21/10 

Resolve Comments Tetra Tech 5/22/10 12/17/10 Response to Comments 5/28/10 

Final UFP- SAP/Field Sampling 
Plan/HASP Tetra Tech 6/1/10 12/31/10 Final UFP-SAP 12/31/10 

Field Work and Chemical analysis Tetra Tech and Empirical 12/14/10 2/14/11 None None 

Field Data Review Tetra Tech 2/14/11 2/28/11 None None 

Data Validation Tetra Tech 2/28/11 3/28/11 None 3/28/11 

Data Analysis and 
Interpretation/Draft RI Report Tetra Tech 2/28/11 5/28/11 Draft RI Report 5/28/11 

Navy and Regulatory Review Navy and Illinois EPA 5/28/11 6/28/11 None None 

Resolve Comments Tetra Tech 7/211 8/2/11 Response to Comments 8/2/11 

Final RI Tetra Tech 8/3/11 10/1/11 Final RI Report 10/1/11 
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SAP Works hee t #17 -- Sampling  Des ign  and  Ra tiona le  

(UFP-QAPP Manual Section 3.1.1) 
 
Site 12 is an area where spoils from harbor dredging activities were suspected to be placed.  The area is 

now vegetated and serves as recreational area with a picnic pavilion, picnic tables, and access to 

approximately 500 feet of Lake Michigan shoreline.  Previous sampling activities were performed which 

partially characterized the nature and the extent (to a limited degree) of the spoil.  Surface conditions 

have changed at the Site since the previous sampling event.  Additionally, some of the data collected 

were not reproducible and therefore not usable to adequately and confidently characterize the site.  

 

The sampling objective is to determine if past dredge disposal activities have contributed to unacceptable 

contaminant concentrations in soil at the site.  A judgmental sampling approach will be used to evaluate 

contamination in the suspected source area, as discussed below.    Figure 17-1 shows the locations of 

the proposed soil boring samples.  Worksheet #18 provides a detailed description of the sampling 

methods to be used at Site 12.  Field QC samples, including field duplicates, and matrix spike/matrix 

spike duplicates (MS/MSD) will be collected as outlined in Worksheet #20.  Samples will be analyzed for 

a select list of chemicals, as presented in Worksheet #15. 

 

Ten sampling locations were identified based on consensus of the Project Team. The selected soil data 

collection design is based on a judgmental approach which utilized past sampling data and knowledge of 

the Site including historical construction activities to identify sampling locations.   This approach will 

provide good spatial coverage, and will therefore be useful for estimating the extent of contamination in 

soil and for evaluating risks. Ten samples is general considered the minimum number required to support 

risk based evaluations. A DPT rig will be used to obtain surface and subsurface soil samples at 10 

locations.  Each soil boring will be extended until the boring encounters native soil, which is expected to 

be 10 to 15 feet bgs.  Borings will be stopped once they encounter native soil.  The characteristics of the 

soil in the boring will be noted in the field logs, including the texture of the soil at each depth.  The surface 

soil sample will be collected in the top 6 inches of the soil boring.  The subsurface soil sample will be 

collected from the interval between 6 inches to the top of the native soil zone. Discrete subsurface soil 

sample will be collected based on visual determination by the FOL upon visual observations (staining, 

odor, ect.) or PID measurements.  Provided groundwater is encountered, approximately two-thirds of the 

subsurface soil samples will be collected from the unsaturated zone, and one-third of the samples will be 

taken from below the water table as determined by the FOL.  Subsurface soil samples will be collected 

from dredge spoils or in locations where staining or odors are observed.  If dredge spoils are not evident 

or if there is no staining or odors are observed, the subsurface soil sample depth intervals will be 

determined by the FOL.  All test samples will be collected from fill (not native soil).  Ten surface soil and 

ten subsurface soil samples will be analyzed for SVOCs, PAHs, metals, and pesticides.  Half (five) of the 

subsurface soil samples will be analyzed for PCBs.  Samples selected for PCB analysis will be based on 
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visual observations by the FOL.  VOC samples will be collected in up to 4 locations but only if warranted 

by high PID measurements.   
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SAP Works hee t #18 -- Sampling  Loca tions  and  Methods /SOP Requirements  Table  

(UFP-QAPP Manual Section 3.1.1) 
 
 

 
Sampling Location/ID 

Number
 

 
Matrix 

 
Depth (feet bgs) 

 
Analytical Group 

 

Number of 
Samples 

 
Sampling SOP 

Reference 

NTC12-SB21-01 to            
NTC12-SB30-01 Surface Soil 0 to 0.5 

SVOCs (including PAHs) 
10 plus 1 
duplicate 

HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

Metals 

Pesticides 

NTC12-SB21-02 to  
NTC12-SB30-02 Subsurface Soil 0.5 to natural soil 

SVOCs (including PAHs) 10 plus 1 
duplicate 

HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

VOCs (if warranted by 
PID readings) 

4 plus 1 
duplicate 

PCBs 5 plus 1 
duplicate 

Pesticides 10 plus 1 
duplicate 

Metals 10 plus 1 
duplicate 

IDW Solid Not applicable 

TCLP VOCs 

1 plus 0 
duplicate SA-7.1 

TCLP SVOCs 

TCLP Pesticides 

TCLP Herbicides 

TCLP Metals 

Reactivity 

Ignitibility 

pH (Corrosivity) 



Project-Specific SAP – Worksheet #18 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 52 of 93 CTO F27A 

 
Sampling Location/ID 

Number
 

 
Matrix 

 
Depth (feet bgs) 

 
Analytical Group 

 

Number of 
Samples 

 
Sampling SOP 

Reference 

NS Great Lakes Waste Tests Solid Not applicable 

BTU, flash point, pH, 
reactive with acid, base, 
and water, reactive with 
cyanide and sulfide, 
phenolics, PCBs, water 
content (karl fisher), and 
paint filter test 

1 plus 0 
duplicate SA-7.1 

IDW Aqueous Not applicable 

SVOCs 1 plus 0 
duplicate 

 
 
 

SA-7.1 
Pesticides 
PCBs 

Metals 

 
 



- 

- 

- 

- 
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SAP Works hee t #19 -- Ana lytica l SOP Requirements  Table  

(UFP-QAPP Manual Section 3.1.1) 
 

 
Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Aqueous IDW 

SVOCs 
(including low 

level 
Polynuclear 

Aromatic 
Hydrocarbons) 

SW-846 3510C/8270C 
SOPs:300/201 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 

Soil 

SVOCs 
(including low 

level 
Polynuclear 

Aromatic 
Hydrocarbons) 

SW-846 3546/8270C 
SOPs:343/201  

1 – 4 ounce Glass 
Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Soil VOCs SW-846 5035/8260B 
SOP:202/225 

3 - Encore or 
samplers or  
equivalent (If 

warranted by PID 
readings) 

 

5 grams 
Sodium 

bisulfate;Cool to 4 
°C + 2°C 

48 hours to 
extraction/14 

days to analysis  

Aqueous IDW PCBs SW-846 3510C/8082A 
SOPs: 302/211 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 



-  

-  

-  

-  

-  

-  

-  
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Soil PCBs SW-846 3546/8082A 
SOPs:343/211  

1 –4oz Glass Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Aqueous IDW Pesticides SW-846 3510C/8081B 
SOPs: 302/211 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 

Soil Pesticides SW-846 3546/8081B 
SOPs: 343/211 

1 – 4oz Glass Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Aqueous IDW Metals 

SW-846 3010A/3020A/ 
6010C/7470A 

SOPs: 100/105/103  
 

1 – 250ml Plastic 200 milliliters/50 
milliliters mercury 

Nitric acid to a 
pH<2;  

Cool to 4 °C + 2°C 

180 days to 
analysis except 

mercury which is 
28 days to 
analysis 

Soil Metals 
SW-846 3050B/6010C/ 

7471A  
SOPs: 100/105/104 

1 – 4oz Glass Jar 10 grams Cool to 4 °C + 2°C 

180 days to 
analysis except 

mercury which is 
28 days to 
analysis 

Solid IDW Flash point SW-846 1010  1-4ounce jar 50 grams Cool to 4 °C + 2°C 
7 days to 
analysis 

Solid IDW pH SW-846 9045C  1 - 4oz. Glass Jar 20 grams None Analyze 
immediately 

Solid IDW Reactivity 
SW-846 ch 7.7.3     

(Reactive Sulfide and 
Cyanide)  

1 – 4 oz. Glass Jar 20 grams Cool to 4 °C+ 2°C    14 days to 
analysis 



-  

-  

-  

-  

-  

-  
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Solid IDW Phenolics 
SW-846 3546/8270D 

 
1 –4 ounce Glass Jar 30grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Solid IDW BTU ASTM D3286 1-4 ounce jar 30 grams Cool to 4 °C + 2°C Not specified 

Solid IDW Total PCBs SW-846 8082A  1 –4 ounce Glass jar 30 grams Cool to 4 °C+ 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Solid IDW Water Content SW-846 9000 1-4 ounce Jar 30 grams Cool to 4 °C+ 2°C Not specified 

Solid IDW Paint Filter SW-846 9095B  1 – 4 ounce Glass 
Jar 100 grams Cool to 4 °C+ 2°C 28 days to 

analysis 

Solid IDW TCLP Organics SW-846 1311/8260B, 
8270D,8081A, 8151A  

1 – 4 ounce Glass 
Jar (1311/ 8260B) 

 
1 – 4 ounce Glass 
Jar (1311/ 8270D/ 

8081A/ 8151A) 
 

5 grams (8260B) 
 

100 grams     
(8270D/ 8081A/ 

8151A)  

Cool to 4 °C+ 2°C, 
no headspace 

14 days to TCLP 
extraction, Semi-

volatiles has 
another 7 days 
until preparative 

extraction; 14 
days to analysis 
for volatiles and 

40 days to 
analysis for 

semi-volatiles 
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Solid IDW TCLP Metals  SW-846 
1311/6010B/7470A  

1 – 4 ounce. Glass 
Jar 100 grams Cool to 4 °C+ 2°C 

180 days to 
extraction, 

except mercury 
which is 28 days 
to extraction; 180 

days until 
analysis, except 
mercury which is 

28 days until 
analysis 

 
 
1 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted. 
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SAP Works hee t #20 -- Fie ld  Qua lity Contro l Sample  Summary Table  

(UFP-QAPP Manual Section 3.1.1) 
  

 

 
Matrix 

 
Analytical 

Group 

 
No. of 

Sampling 

Locations
1
 

 
No. of Field 

Duplicates 
2
 

No. of 

MS/MSDs
3
 

 
No. of 
Field 

Blanks  

 
No. of 
Equip. 
Blanks 

 
No. of 

Volatile 
Organic 

Analysis Trip 
Blanks  

 
No. of 

Proficiency 
Test 

Samples 

 
Total No. 

of Samples 
to Lab 

Soil (Surface 
and 
Subsurface) 

TCL 
Semivolatiles 
(including low 
level PAHs) 

20 2 1/1 0 0 0 0 22 

TCL Pesticides 20 2 1/1 0 0 0 0 22 
TAL Metals 20 2 1/1 0 0 0 0 22 
PCBs  5 1 1/1 0 0 0 0 6 

 

Notes: 

1 There are 10 soil sampling locations, and two soil samples will be collected at each location.   
2 Field duplicates will be collected at 10 percent of the number of sampling locations. 
3 MS/MSDs will be collected at 5 percent of the number of sampling locations. 
4 See SOP CT-04 in Appendix E for how field QA/QC samples are to be labeled.   
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SAP Works hee t #21 -- P ro jec t Sampling  SOP Refe rences  Table  

(UFP-QAPP Manual Section 3.1.2) 
 
 

 
Reference 
Number 

 
Title, Revision Date, and/or 

Number 

 
Originating 

Organization of 

Sampling SOP 

 
Equipment Type 

 
Modified for 

Project 
Work? 

 
Comments 

CT-04 Sample Nomenclature,  
03/09 Rev. 2 Tetra Tech NA Y 

Refer to 
Appendix E 

for field 
SOPs 

 

CT-05 Data Base Records and Quality 
Assurance, 01/01 Rev. 2 Tetra Tech NA N 

GH-1.3 Soil and Rock Drilling Methods, 06/99 
Rev. 1 Tetra Tech DPT and Hollow Stem Auger 

(HSA) combination drill rig Y 

GH-1.5 Borehole and Sample Logging,  
06/99 Rev. 1 Tetra Tech DPT drill rig N 

HS-1.0 Utility Locating and Excavation 
Clearance, 12/03 Rev. 2 Tetra Tech 

Remote subsurface sensing, 
magnetometer, ground-
penetrating radar, etc. 

Y 

SA-1.3 Soil Sampling, 04/08 Rev. 9 Tetra Tech DPT drill rig Y 

SA-2.5 Direct Push Technology,      
09/03 Rev. 3 Tetra Tech DPT drill rig Y 

SA-6.1 Non-Radiological Sample Handling, 
02/04 Rev. 3 Tetra Tech Sample bottleware, packaging 

material, shipping materials N 

SA-6.3 Field Documentation, 03/09 Rev. 3 Tetra Tech Field logbook, field sample 
forms, boring logs Y 

SA-7.1 Decontamination of Field Equipment, 
01/09 Rev. 6 Tetra Tech 

Decontamination equipment, 
scrub brushes, phosphate-free 

detergent, DI water 
Y 
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SAP Works hee t #22 -- Fie ld  Equipment Calibra tion , Main tenance , Tes ting , and  Ins pec tion  Table  

(UFP-QAPP Manual Section 3.1.2.4) 
 

 
Field 

Equipment 

 
Activity 

 
Frequency 

 
Acceptance 

Criterion 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 

Reference 

 
 

Comments 

Water Level 
Indicator 
 

Field Checks per 
Manufacturer 
 

Once upon 
receiving 
from vendor 

0.01-foot 
accuracy 
 

Operating 
correction or 
replacement 

FOL 
 

GH-1.2 
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SAP Works hee t #23 -- Ana lytica l SOP References  Table  

(UFP-QAPP Manual Section 3.2.1) 
 

 
Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work?
 (Y/N) 

100 

Metals Digestion/ Preparation 
Methods 
3005A,3010A,3020A,3030,3040A,30
50B USEPA CLPILMO 04.1 
Aqueous and Soil/Sediment USEPA 
CLPILMO 05.2 Aqueous and 
Soil/Sediment, USEPA Method 
200.7 (Standard Methods) 3030C 
Revision 19 4/20/2009 

Definitive 

Aqueous IDW 
and  

Soil/Metals 
preparation 

NA Empirical N 

103 

Mercury Analysis in Water by 
Manual Cold Vapor Technique 
Methods USEPA SW846 7470A and 
245.1 CLP-M 4.1 Revision 16 
1/28/2009 

Definitive Aqueous 
IDW/Mercury 

Mercury 
Analyzer Empirical N 

104 

Mercury Analysis in Soil/Sediment 
by Manual Cold Vapor Technique 
Methods SW846 7471A, 
7471B,245.5 And CLPILM 04.1 
Revision 17 1/29/2009 

Definitive Soil/Mercury Mercury 
Analyzer Empirical N 

105 

Metals Analysis by ICP Technique 
Methods 200.7, SW846 6010B, 
SW846 6010C, Standard Methods 
19th edition 2340B, USEPA CLP 
ILMO 4.1 Revision 15 5/8/2009 

Definitive 
Aqueous IDW 

and  
Soil/Metals 

Inductively 
Coupled 
Plasma-
Atomic 

Emissions    
Spectrometry 

(ICP-AES) 

Empirical N 

149 Flashpoint Ignitibility Method SW-
846 1010, Rev. 1 

Definitive Inorganic Flashpoint 
Tester 

Empirical N 

156 Reactive Sulfide Method SW-846, 
Chapter 7, Section 7.3.4, Rev. 4 

Definitive Inorganic NA Empirical 
 

N 
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Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work?
 (Y/N) 

164 Distillation of Aqueous/Solid 
Samples for Total and Non-
Amenable Cyanide Analysis 
Methods 335.1/335.4, SW-846 
9012A/USEPA CLP ILMO 4.1, Rev. 
12  

Definitive Inorganic Lachat Empirical 
 
 

N 

168 Phenolics, Total Recoverable 
(USEPA) Method 420.1 and 420.4 
(Spectrophotometric, Manual and 
Automated  with Distillation), Rev. 6 

Definitive Wet 
Chemistry 

NA Empirical  N 

170 Threshold Odor Test Method 
Standard Methods SM 2150B, Rev. 
1 

Definitive Wet 
Chemistry 

NA Empirical  N 

171 Color – Standards, Methods 19th 
Edition 2120B, Rev. 2 

Definitive Wet 
Chemistry 

NA Empirical  N 

181 Phenol and Phenolic Materials 
Distilled Water Samples Method 
SW846 9066 Lachat 10-210-00-1-A, 
Rev. 6 

Definitive Wet 
Chemistry 

Lachat Empirical  N 

 Electrometric Determination of pH, 
Methods 150.1, Standard Methods 
4500H+B and 9040B for Waters, 
Liquids and Liquid Wastes, 9045C 
for Soils and Solid Wastes, Rev. 6 

Definitive Wet 
Chemistry 

pH Meter Empirical  N 

198 Toxicity Character Leaching 
Procedure (Method 1311), Rev. 5 

Definitive Inorganic NA Empirical N 

201 

GC/MS Semivolatiles and Low-
Concentration PAHsby EPA Method 
625 and SW846 Method 8270C and 
8270D, Including Appendix IX 
Compounds (Revision 20, 04/26/10) 

Definitive 

Aqueous IDW 
and  

Soil/SVOCs 
and low level 

PAHs 

Gas 
Chromatogra

phy/Mass 
spectrometry 

(GC/MS) 

Empirical N 
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Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work?
 (Y/N) 

211 

GC/ECD Organochlorine 
Pesticides/PCBs by EPA Method 
608 and SW846 Method 8081A , 
8081B/8082, 8082A Revision 20 
4/27/2009 

Definitive 

Aqueous IDW 
and 

Soil/Pesticide
s and PCBs 

Gas 
Chromatogra
phy/Electron 

Capture 
Detector 

(GC/ECD) 

Empirical N 

300 

GC/MS- Semivolatile BNA-Aqueous 
Matrix Extraction Using SW-846 
Method 3510C for 8270/625 
Analysis (Revision 18, 04/26/10) 

Definitive 

Aqueous 
IDW/SVOCs 
and low level 

PAHs 

NA Empirical N 

302 

Pesticides/PCBs- Aqueous Matrix 
Extraction for EPA Method 608 and 
SW846 Method 8081A/8082 Using 
SW846 3510C Revision 16 
9/23/2008 

Definitive 
Aqueous 

QC/Pesticides 
and PCBs 

NA Empirical N 

343 

BNA, Pesticides/PCB, and TPH non-
aqueous matrix microwave 
extraction  Using SW-846 Method 
3546 (Revision 0, 8/01/09) 

Definitive Soil NA Empirical N 

404 
Laboratory Sample Receiving Log-In 
and Storage Standard Operating 
Procedures Revision 13 6/29/2009 

NA NA NA Empirical  N 

405 Analytical Laboratory Waste 
Disposal Revision 5 6/23/2009 NA NA NA Empirical  N 

410 

Standard Operating Procedures for 
Laboratory Sample Storage, Secure 
Areas and Sample Custody Revision 
7 6/23/2009 

NA NA NA Empirical  N 

 
1  Laboratory SOPs are provided in Appendix D. 
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SAP Works hee t #24 -- Ana lytica l Ins trument Ca libra tion  Table   

(UFP-QAPP Manual Section 3.2.2) 
 

 
Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

GC/MS  
SVOCs and 
low level 
PAHs 

Initial Calibration 
(ICAL) - A 
minimum 5-point 
calibration is 
required. 
 

Instrument receipt, instrument 
change (new column, source 
cleaning, etc.), when 
continuing calibration 
verification (CCV) is out of 
criteria.   
 

 Percent Relative Standard 
Deviation (%RSD) must be < 
15% for all Target compounds. 
Relative Response Factor 
(RRF) must be ≥ 0.05.  
If not met:  
Option 1) Linear least squares 
regression (r) must be  ≥ 0.995 
Option 2) Non-linear 
regression: COD (r2 ) must be ≥ 
0.99 (6 points for second 
order). 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst, Department 
Manager 

Empirical 
SOP: 201 

Initial calibration 
verification (ICV) 
– Second Source 

Once after each ICAL prior to 
beginning a sample run. Percent Recovery (%R) of each 

analyte must be within 80-
120%. 
 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

CCV Analyze a standard at the 
beginning of each 12-hour 
shift after a 
decafluorotriphenylphosphine 
(DFTPP) tune. 

All target compounds must be < 
20 Percent Difference or 
Percent Drift (%D);  
 
RRF for must be >0.050. 
 
 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst, Department 
Manager 

DFTPP Tune Prior to ICAL and at the 
beginning of each 12 hour 
analytical sequence. 

Criteria listed in SOP 201 
section 7.2.  Must meet the ion 
abundance criteria required by 
the method.  No samples may 
be accepted without a valid 
tune. 

Retune and/or clean 
source. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

GC/ECD 
Pesticides 

ICAL - A 6 point 
calibration of 
individual 
pesticides with a 
mid-point 
calibration of 
toxaphene and 
chlordane. 
 

Upon instrument receipt, 
major instrument change, or 
when the CCV does not meet 
criteria. 

The %RSD for each analyte 
must be ≤ 20%, or  

Option 1) r  must be ≥ 0.995 

Option 2) r2 must be ≥ 0.99 (6 
points for second order). 

Repeat ICAL 
If single point 
calibration for 
toxaphene, or 
chlordane is 
identified in analysis 
of sample; 6-point 
calibration run of 
identified compound 
with reanalysis of 
sample. 

Analyst, Department 
Manager 

Empirical 
SOP: 211 

 ICV Once after each ICAL. %Rs of individual compounds 
must be within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 CCV Once after each initial 
calibration, at the beginning 
and end of each run 
sequence, after every 10 
samples, and at the end of the 
analysis sequence. 

%Rs of individual compounds 
must be within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 
Breakdown 
Check  

At the beginning of each 12-
hour period, prior to sample 
analysis. 

The degradation must be ≤ 
15% for both Endrin and DDT. 

Column 
maintenance; 
injection port 
maintenance. 

Analyst, Department 
Manager 

 

GC/ECD 
PCBs 

ICAL - A 6-point 
calibration of 
Aroclor 1260 
(1016/1260 
mixture). 

Instrument receipt, major 
instrument change, when CCV 
does not meet criteria. 

r2 must be ≥ 0.990.   
 
Mid-point calibration of other 
Aroclors. 

Repeat ICAL and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards.  
Reanalyze affected 
data.  

Analyst, Department 
Manager 

Empirical 
SOP: 211 

 ICV – Second 
Source 

Once after each ICAL. The %R of all analytes must be 
within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 CCV Once after each ICAL. The %R of all analytes must be 
within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

ICP-AES 
Metals ICAL – one point 

calibration. 
At the beginning of each day 
or if QC is out of criteria. 

One point calibration per 
manufacturer's guidelines. 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards 

Analyst, Department 
Manager Empirical 

SOP: 105 

ICV  (Second 
Source) 

Before beginning a sample 
run. 

%Rs must be within 90-110%. Do not use results for 
failing elements 
unless the ICV > 
110% and the 
sample < the LOQ. 

Investigate and 
correct problem. 

Analyst, Department 
Manager 

 

Calibration Blank  
Before beginning a sample 
run, after every 10 samples, 
and at the end of the analysis 
sequence. 

No analytes detected > LOD. Correct the problem, 
then re-prepare and 
reanalyze calibration 
blank.  

Analyst, Department 
Manager 

CCV At the beginning and end of 
each run sequence, after 
every 10 samples and at the 
end of the analysis sequence. 

%Rs of true values must be 
within 90-110% of true values. 

Check problem, 
recalibrate and 
reanalyze any 
samples not 
bracketed by passing 
CCVs. 

Analyst, Department 
Manager 

Low-level 
Calibration Check 
Standard (if using 
one-point ICAL) 

At beginning and end of run. %Rs must be within 80%-120% 
of the true value. 

Do not use results for 
failing elements, 
unless LOQ recovery 
> upper limit and 
sample result < LOQ. 

Analyst, Department 
Manager 

 

Interference 
Check Standards 
(ICS - ICSA & 
ICSB) 

 

At the beginning of an 
analytical run. 

ICSA recoveries must be less 
than the absolute value of the 
LOD and ICSB %Rs must be 
within 80-120% of the true 
value. 

Correct the problem, 
then re-prepare and 
reanalyze all affected 
samples. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

Mercury  
ICAL – A 5-point 
calibration curve 
is prepared. 

Perform daily prior to sample 
analysis. 

Must be ≤20% RSD. 

 r must be ≥ 0.995 

Recalibrate. Analyst, Department 
Manager Empirical 

SOP: 103/104 

 
ICV (Second 
Source) 

Each analytical sequence. %Rs must be within 90-110%of 
true value. 

Recalibrate. Analyst, Department 
Manager 

 

 
Calibration Blank One is performed at the 

beginning of analytical 
sequence, after every 
10 samples, at the end of the 
sequence. 

No analytes detected > LOD. Re-prepare and 
analyze all 
associated samples. 

Analyst, Department 
Manager 

 

 
CCV Perform every 10 samples and 

at the end of the analytical 
sequence. 

%Rs must be within 80-120% 
of the true value. 

Recalibrate. Analyst, Department 
Manager 

 

 
CCV (undistilled) CCV (undistilled)-at beginning 

and end of each run sequence 
and every 10 samples. 

The %R must be within 90-
110% of the true value. 

If the CCV 
(undistilled) fails high, 
report samples that 
are <LOQ.  
Recalibrate and/or 
reanalyze samples 
back to last 
acceptable CCV. 

Analyst, Department 
Manager 
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SAP Works hee t #25 -- Ana lytica l Ins trument and  Equipment Main tenance , Tes ting , and  Ins pec tion  Table   

(UFP-QAPP Manual Section 3.2.3) 
 
 

INSTRUMENT/ 
EQUIPMENT 

MAINTENANCE ACTIVITY 
TESTING 
ACTIVITY 

INSPECTION 
ACTIVITY 

FREQUENCY 
ACCEPTANCE 

CRITERIA 
CORRECTIVE 

ACTION 
RESPONSIBLE 

PERSON 
SOP 

REFERENCE
(1)

 

GC/MS 

Check pressure and gas supply daily. 
Manual tune if DFTPP not in criteria, 
change septa as needed, change 
liner as needed and cut column as 
needed. Other maintenance specified 
in laboratory Equipment Maintenance 
SOP. 

SVOCs 
and low 

level 
PAHs 

 

Ion source, 
injector liner, 

column, 
column flow. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP:201 

GC/ECD 

 

Check pressure and gas supply daily.  
Change septa and/or liner as 
needed, replace or cut column as 
needed.  Other maintenance 
specified in laboratory Equipment 
Maintenance SOP. 

Pesticides 
and PCBs 

Injector liner, 
septa, column, 
column flow. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP: 211 

ICP-AES 

 

Clean torch assembly and spray 
chamber when discolored or when 
degradation in data quality is 
observed.  Clean nebulizer, check 
argon, and replace peristaltic pump 
tubing as needed. Other 
maintenance specified in laboratory 
Equipment Maintenance SOP.  

Metals 

Torch, 
nebulizer 
chamber, 

pump, pump 
tubing. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP:105 

Mercury 
Analyzer 

Replace peristaltic pump tubing, 
replace mercury lamp, replace drying 
tube, clean optical cell and/or clean 
liquid/gas separator as needed.  
Other maintenance specified in 
laboratory Equipment Maintenance 
SOP. 

Mercury 
Tubing, 

sample probe, 
optical cell. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP: 103/104 
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SAP Works hee t #26 -- Sample  Handling  Sys tem 

(UFP-QAPP Manual Appendix A) 
 
SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):   FOL or designee/Tetra Tech 

Sample Packaging (Personnel/Organization):  FOL or designee Tetra Tech 

Coordination of Shipment (Personnel/Organization):  FOL or designee /Tetra Tech 

Type of Shipment/Carrier:  Federal Express 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization):   Sample Custodians/Empirical  

Sample Custody and Storage (Personnel/Organization):  Sample Custodians/Empirical  

Sample Preparation (Personnel/Organization):  Extraction Lab, Metals Preparation Lab/Empirical  

Sample Determinative Analysis (Personnel/Organization):  Gas Chromatography Lab, Gas Chromatography/Mass Spectrometry Lab, Metals Lab/Empirical  

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection):  60 days from receipt 

Sample Extract/Digestate Storage (No. of days from extraction/digestion):  3 months from sample digestion/extraction 

Biological Sample Storage (No. of days from sample collection):  NA 

SAMPLE DISPOSAL 

Personnel/Organization:  Sample Custodians/Empirical  

Number of Days from Analysis:  30 days from submittal of final report or 60 days from receipt, whichever is longer 
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SAP Works hee t #27 – Sample  Cus tody Re quirements  Table   

(UFP-QAPP Manual Section 3.3.3 
 
27.1 SAMPLE NOMENCLATURE, SAMPLE COLLECTION DOCUMENTATION, HANDLING, 

TRACKING, AND CUSTODY PROCEDURES 

The following sections outline the procedures that will be used to document project activities and sample 

collection, handling, tracking, and custody procedures during the investigation.  All forms must be filled in 

as completely as possible. 

 
27.1.1 Sample Identification 

Refer to Worksheet #18 for how the samples will be labeled. Also, refer to SOP CT-04 in Appendix E for 

how the field QA/QC samples will be labeled. 

 
27.1.2 Sample Collection Documentation 

Documentation of field observations will be recorded in a field logbook and/or on field log sheets including 

sample collection logs, boring logs and monitoring well construction logs.  Field logbooks utilized on this 

project will be bound, water-resistant logbooks.  All pages of the logbook will be numbered sequentially, 

and observations will be recorded with indelible ink. 

 
Field sample log sheets will be used to document sample collection details, and other observations and 

activities will be recorded in the field logbook.  Instrument calibration logs will be used to record the daily 

instrument calibration.  Example field forms are included in Appendix E.   

 
For sampling and field activities, the following types of information will be recorded in the field log as 

appropriate: 

 
• Site name and location. 

• Date and time of logbook entries. 

• Personnel and their affiliations. 

• Weather conditions. 

• Activities involved with the sampling. 

• Subcontractor activity summary. 

• Site observations including site entry and exit times. 

• Site sketches made on site. 

• Visitor names, affiliations, arrival and departure times. 

• Health and safety issues including PPE. 
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27.1.3 Sample Handling and Tracking System 

Following sample collection into the appropriate bottleware, all samples will be immediately placed on ice 

in a cooler.  The glass sample containers will be enclosed in bubble-wrap in order to protect the 

bottleware during shipment.  The cooler will be secured using strapping tape along with a signed custody 

seal.  Sample coolers will be delivered to a local courier location for priority overnight delivery to the 

Empirical Laboratories for analysis.  Samples will be preserved as appropriate based on the analytical 

method.  The laboratory will provide pre-preserved sample containers for sample collection.  Samples will 

be maintained at 4 (± 2) °C until delivery to the laboratory.  Proper custody procedures will be followed 

throughout all phases of sample collection and handling. 

 
After collection, each sample will be maintained in the sampler's custody until formally transferred to 

another party (e.g., Federal Express).  For all samples collected, chain-of-custody forms will document 

the date and time of sample collection, the sampler's name, and the names of all others who 

subsequently held custody of the sample.  Specifications for chemical analyses will also be documented 

on the chain-of-custody form.  Tetra Tech SOP SA-6.3 (Field Documentation), included in Appendix E, 

provides further details on the chain-of-custody procedure.   

 
These subsections outline the procedures that will be used by field and laboratory personnel to document 

project activities and sample collection procedures during this RI.  All forms must be filled in as completely 

as possible. 

 
27.1.4 Sample Handling 

Sample handling requirements are described in Worksheet #26.  Tetra Tech personnel will collect the 

samples.  The samplers will take care not to contaminate samples through improper handling.  Samples 

will be sealed in appropriate containers, packaged by Tetra Tech personnel and placed into sealed 

coolers under chain-of-custody in accordance with the applicable SOP (See Worksheet #21).  All coolers 

will contain a temperature blank. Samples will be transferred under chain-of-custody to a courier as 

described below.  Once received by the laboratory, receipt will be documented on the chain-of-custody 

form and the samples will be checked in.  The samples will remain under chain-of-custody throughout the 

analysis period to ensure that their integrity is preserved.  Details are provided below. 

 
27.1.5 Sample Delivery 

Samples to be delivered to the laboratory will be made by a public courier (i.e., Federal Express).  After 

samples have been collected, they will be sent to the laboratory within 24 hours.  Under no circumstances 

will sample holding times be exceeded.   
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27.1.6 Sample Custody 

Chain-of-custody protocols will be used throughout sample handling to establish the evidentiary integrity 

of sample containers.  These protocols will be used to demonstrate that the samples were handled and 

transferred in a manner that would eliminate possible tampering.  Samples for the laboratory will be 

packaged and shipped in accordance with Tetra Tech SOP SA-6.1 (Appendix E).   

 

A sample is under custody if: 

 

• The sample is in the physical possession of an authorized person. 

• The sample is in view of an authorized person after being in his/her possession. 

• The sample is placed in a secure area by an authorized person after being in his/her possession. 

• The sample is in a secure area, restricted to authorized personnel only. 

 

Custody documentation is designed to provide documentation of preparation, handling, storage, and 

shipping of all samples collected.  A multi-part form is used with each page of the form signed and dated 

by the recipient of a sample or portion of a sample.  The person releasing the sample and the person 

receiving the sample each will retain a copy of the form each time a sample transfer occurs.  

 

Integrity of the samples collected during the site investigation will be the responsibility of identified 

persons from the time the samples are collected until the samples, or their derived data, are incorporated 

into the final report 

 

The FOL is responsible for the care and custody of the samples collected until they are delivered to the 

laboratory or are entrusted to a carrier.  When transferring samples, the individuals relinquishing and 

receiving them will sign, date, and note the time on the chain-of-custody form.  This record documents the 

sample custody transfer from the sampler to the laboratory, often through another person or agency 

(common carrier).  Upon arrival at the laboratory, internal sample custody procedures will be followed as 

defined in the laboratory SOPs included in Appendix D.  

 
27.1.7 Laboratory Custody (Empirical Laboratories) 

Detailed descriptions of the practices referenced here are provided in the attached Empirical 

Laboratories’ Laboratory Sample Receiving, Log In and Storage SOP (SOP404) and Empirical 

Laboratories’ Laboratory Sample Storage, Secure Areas and Sample Custody SOP (SOP410).  Copies of 

the related forms and labels are included in those SOPs which are provided in Appendix D. 

 



Project-Specific SAP – Worksheet #28 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2010 
 

011107/P Page 72 of 93 CTO F27A 

SAP Works hee t #28 -- Labora tory QC Samples  Table  

(UFP-QAPP Manual Section 3.4) 
 
 
 

Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC ACCEPTANCE 

LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Method Blank One per 
preparation batch 
of 20 or fewer 
samples of 
similar matrix. 

Contaminants in the method 
blank must be < ½ LOQ, except 
common lab contaminants, 
which must be <LOQ. 

(1) Investigate source of 
contamination  
 
(2) Re-prepare and 
analyze method blank 
and all samples 
processed with the 
contaminated blank. 

Analyst, Laboratory 
Department Manager 
and Data Validator 

Bias/ 
Contamin
ation 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC ACCEPTANCE 

LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Surrogates 
Six per sample: 
 
Nitrobenzene-d5       
 2-Fluorobiphenyl 
 Terphenyl-d14 
 Phenol d-6 
 2-Fluorophenol 
 2,4,6-
Tribromophenol 

  

 

%Rs must meet the laboratory 
statistically-derived control 
limits. Current limits are 
provided in Appendix G.  1 

 
 

 

(1) Check 
chromatogram for 
interference; if found, 
then flag data.  
 
(2) If not found, then 
check instrument 
performance; if problem 
is found, then correct 
and reanalyze. 
 
(3) If still out, then re-
extract and analyze 
sample. 
 
(4) If reanalysis is out, 
then flag data. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/
Bias 

Same as Method/SOP 
QC Acceptance Limits. 
 

LCS 
LCSD (not 
required) 

One is performed 
for each batch of 
up to 20 
samples. 

%Rs must meet the laboratory 
statistically-derived control 
limits. Current limits are 
provided in Appendix G.  1 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

Evaluate and reanalyze 
if possible.  If an 
MS/MSD was 
performed in the same 
12 hour clock and is 
acceptable, then 
narrate.  If the LCS 
recoveries are high but 
the sample results are 
<LOQ, then narrate.  
Otherwise, re-prepare 
and reanalyze. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy 
/ Bias 
Precision 
also, if 
LCSD is 
analyzed 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC ACCEPTANCE 

LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Internal 
Standards (IS) 

Six per sample – 
1,4-
Dichlorobenzene-
d4 
Naphthalene-d8  
Acenaphthene-
d10 
Phenanthrene-
d10 
Chrysene-d12 
Perylene-d12  

Retention times for ISs must be + 
within +/-_30 seconds and the 
response areas must be within -
50% to +100% of the midpoint ICAL 
standard for each IS. 
 

 

Reanalyze affected 
samples. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ 
Bias 

Same as Method/SOP 
QC Acceptance Limits. 

MS/MSD One per SDG or 
every 20 
samples. 

%Rs should meet the 
laboratory statistically-derived 
control limits. Current limits are 
provided in Appendix G.  1 
 
RPD should be ≤ 30%. 

Corrective Action will 
not be taken for 
samples when %Rs are 
outside limits and 
surrogate and LCS 
criteria are met.  If both 
the LCS and MS/MSD 
are unacceptable, then 
re-prepare the samples 
and QC. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ 
Bias / 
Precision 

Same as Method/SOP 
QC Acceptance Limits. 

 
1 Please note that limits are updated periodically and may change from the issuance of the final SAP to the time data validation 

is performed. The limits used for validation will be the limits that are current at the time of analysis. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Method Blank One per 
preparation batch 
of 20 or fewer 
samples of similar 
matrix. 

Contaminants must be < ½ 
LOQ. 

Investigate source of 
contamination.  
Evaluate the 
samples and 
associated QC: i.e., 
if the blank results 
are above the LOQ, 
then report sample 
results which are 
<LOQ or > 10X the 
blank concentration. 
 
Otherwise, re-
prepare a blank and 
samples >LOQ and 
<10X LOQ. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Bias/Contamination Same as Method/SOP 
QC Acceptance 
Limits. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Surrogates 
Two per sample:  
2,4,5,6-Tetrachloro-
metaxylene 
(TCMX) and 
Decachlorobiphenyl 
(DCB) 

 

 

%Rs must meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 

No corrective will be 
taken when one 
surrogate is within 
criteria.  If surrogates 
recoveries are high 
and sample is <LOQ, 
then no corrective 
action is taken.  If 
surrogates 
recoveries are low, 
then the affected 
samples are re-
extracted and 
reanalyzed. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Same as Method/SOP 
QC Acceptance 
Limits. 

LCS 

LCSD (not 
required) 

One is performed 
for each batch of 
up to 20 samples. 

%Rs must meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

If an MS/MSD was 
performed and is 
acceptable, then 
narrate.  
If an LCS/LCSD was 
performed and only 
one of the set was 
unacceptable, then 
narrate.  If the LCS 
recovery is high, but 
the sample results 
are <LOQ, then 
narrate.  Otherwise, 
re-extract blank and 
affected sample 
batch. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ Bias 
Precision also, if 
LCSD is analyzed 

Same as Method/SOP 
QC Acceptance 
Limits. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

MS/MSD One per 20 
samples of similar 
matrix. 

%Rs should meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 
RPD should be ≤ 30%. 

Evaluate the 
samples and 
associated QC and if 
the LCS results are 
acceptable, then 
narrate. 

If both the LCS and 
MS/MSD are 
unacceptable, then 
re-prepare the 
samples and QC. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy / Bias / 
Precision 

Same as Method/SOP 
QC Acceptance 
Limits. 

Second Column 
Confirmation 

All positive results 
must be confirmed. 

Results between primary 
and second 
column - RPD must be ≤ 
40%. 

None. Analyst, Laboratory 
Department 
Manager, and  
Data Validator  

Precision Same as Method/SOP 
QC Acceptance 
Limits. 

 
 

2 Please note that limits are updated periodically and may change from the issuance of the final SAP to the time data validation 
is performed. The limits used for validation will be the limits that are current at the time of analysis. 
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Matrix Soil, Solid IDW, and 
Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Metals (including 
Mercury) 

 
 

 
 

 
 

 
 

 
 

Analytical 
Method /  
SOP Reference 

SW-846 
6010C/7470A/7471
A 
Empirical  
SOP- 100-
103/104/105 

 
 

 
 

 
 
 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE 

FOR CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Method Blank One per digestion 
batch of 20 or fewer 
samples. 

No analytes detected > ½ the 
LOQ. 

If the blank value > LOQ, 
then report sample results.  
If the blank value < LOQ 
or > 10x the blank value; 
then redigest. If blank 
value is less than negative 
LOQ, then report sample 
results.  If > 10x the 
absolute value of the blank 
result, then redigest. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Bias/Contamin
ation 

Same as 
Method/SOP QC 
Acceptance Limits. 

LCS 
LCSD (not 
required) 

One is performed 
for each batch of up 
to 20 samples. 

The %R must be within 80-
120%. 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

Redigest and reanalyze all 
associated samples for 
affected analyte. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Precision also, 
if LCSD is 
analyzed 

Same as 
Method/SOP QC 
Acceptance Limits. 

Duplicate 
Sample 

One per preparation 
batch of 20 or fewer 
samples of similar 
matrix. 

 

The RPD should be ≤20% for 
duplicate samples. 

Narrate any results that 
are outside control limits. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision 
Same as 
Method/SOP QC 
Acceptance Limits. 

MS One per 20 samples 
of similar matrix. 

The %R should be within 80-
120%, if sample < 4x spike 
added. 

Flag results for affected 
analytes for all associated 
samples with”N”. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Same as 
Method/SOP QC 
Acceptance Limits. 



Project-Specific SAP – Worksheet #28 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2010 
 

011107/P Page 79 of 93 CTO F27A 

Matrix Soil, Solid IDW, and 
Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Metals (including 
Mercury) 

 
 

 
 

 
 

 
 

 
 

Analytical 
Method /  
SOP Reference 

SW-846 
6010C/7470A/7471
A 
Empirical  
SOP- 100-
103/104/105 

 
 

 
 

 
 
 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE 

FOR CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Serial Dilution One is performed 
for each preparation 
batch with sample 
concentration(s) > 
50x MDL. 

The result must agree within 
± 10% of the original sample 
result. 

Perform Post Digestion 
Spike 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision Same as 
Method/SOP QC 
Acceptance Limits. 

Post Digestion 
Spike (does not 
apply to 
mercury) 

One is performed 
when serial dilution 
fails or analyte 
concentration(s) in 
all samples < 50x 
MDL. 

The result must agree within 
75-125% of expected result. 

Flag results of samples of 
same matrix as estimates 
in SDG narrative. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision 
Same as 
Method/SOP QC 
Acceptance Limits. 

 

 
Laboratory SOPs are provided in Appendix D. 

 



Project-Specific SAP – Worksheet #29 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2010 
 

011107/P Page 80 of 93 CTO F27A 

SAP Works hee t #29 – Pro jec t Documents  and  Records  Table  

(UFP-QAPP Manual Section 3.5.1) 
 

Document Where Maintained 

Sample Collection Documents and Records 
Field logbook (and sampling notes) 
Field sample forms (e.g., boring logs, sample log sheets, drilling logs, etc.) 
Chain-of-custody records 
Sample shipment airbills 
Equipment calibration logs 
Photographs 
F T MR forms 
Field Sampling SOPs 
 
Laboratory Documents and Records 
Sample receipt/login forms 
Sample analysis run logs 
Corrective action forms 
Reported field sample results 
Reported results for standards, quality control checks, and quality control samples 
Data completeness checklists 
Sample storage and disposal records 
Telephone logs 
Extraction/clean-up records 
Raw data 
 
Data Assessment Documents and Records 
Field Sampling Audit Checklist (if an audit is conducted) 
Analytical Audit Checklist (if an audit is conducted) 
Data Validation Memoranda 
Investigation Report 

Tetra Tech Project File, results will be discussed in subject document. 
 
 
 
 
 
 
 
 
 
 
Tetra Tech Project File, long-term data package storage at third-party 
professional document storage firm, results will be discussed in subject 
document. 
 
 
 
 
 
 
 
 
 
Tetra Tech Project File, results will be discussed in subject document. 
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SAP Works hee t #30 – Ana lytica l Se rvices  Table  

(UFP-QAPP Manual Section 3.5.2.3) 
 

 
Matrix 

 
Analytical 

Group 

Sample 
Locations/ 

ID Numbers 

Analytical Method 

 
Data Package 
Turnaround 

Time 

 
Laboratory/Organization

 

 

Backup 
Laboratory/ 

Organization
 

Soil and 
Aqueous 
IDW 

SVOCs and 
low level PAHs 

See Worksheet #18 SW-846 8270C 21 calendar days 
 
 

Kim Kostzer 
Empirical Laboratories, LLC 
621 Mainstream Drive 
Suite 270 
Nashville, TN 37228 
(615) 345-1115 ext. 240 
kkostzer@empirlabs.com 
 
 
 

NA 
 
 Pesticides/ 

PCBs 
See Worksheet #18 SW-846 8081B/8082A 

TAL Metals See Worksheet #18 SW-846 6010C 
7470A/7471A 

VOCs (if 
warranted by 
PID readings) 

See Worksheet #18 SW-846  8260B 

Solid 
IDW 

Reactivity/ 
Ignitibility/ 
pH 

See Worksheet #18 SW-846 9012A/chapter 
7/1010/9045/ Empirical 
SOP-149/156/164/175/187 
 

7 calendar days 
 
 
 
 

Kim Kostzer 
Empirical Laboratories, LLC 
621 Mainstream Drive 
Suite 270 
Nashville, TN 37228 
(615) 345-1115 ext. 240 
kkostzer@empirlabs.com 
 
 
 

NA 
 
 
 
 Phenolics See Worksheet #18 SW-846 9066/Empirical 

SOP-168/181 
Odor/Density/ 
Color/Paint 
Filter/Water 
Content 

See Worksheet #18 SM2150B/SM2710F 
/SM2120B/SW-846 9095/ 
Empirical SOP-170/171/191 

Total PCBs See Worksheet #18 SW-846 8082A 
TCLP Organics See Worksheet #18 SW-846 1311 followed by 

8260B, 8270C, 8081A, 
8151A 

TCLP 
Inorganics 

See Worksheet #18 SW-846 1311 followed by 
6010B, 7470A 
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SAP Works hee t #31 – P lanned  Pro jec t As s es s ments  Table  

(UFP-QAPP Manual Section 4.1.1) 
 

Assessment 
Type 

Frequency 
Internal 

or 
External 

Organization 
Performing 

Assessment 

Person(s) 
Responsible 

for Performing 
Assessment 

Person(s) 
Responsible 

for Responding 
to Assessment 

Findings 

Person(s) 
Responsible for 
Identifying and 
Implementing 

Corrective Actions 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of 

Corrective Actions 

Field 
Sampling 
System Audit 

One per 
contract 
year1 

Internal Tetra Tech 
Person assigned 
by Tetra Tech 
QAM 

Tetra Tech PM 
and FOL 

Auditor and Tetra Tech 
PM  

Tetra Tech CLEAN 
QAM  

Laboratory 
System Audit 
(1) 

Every 2 
years External 

DoD ELAP 
Accrediting 
Body 

DoD ELAP 
Accrediting Body 
Auditor 

Empirical 
Laboratory QAM 
or Laboratory 
Manager 

Empirical Laboratory 
QAM or Laboratory 
Manager 

Empirical Laboratory 
QAM or Laboratory 
Manager 

 

1 The selected analytical laboratory (Empirical) has successfully completed the laboratory assessment process required as part of the 
Department of Defense Environmental Laboratory Accreditation Program (DoD ELAP) and as described in the “Department of Defense 
Quality Systems Manual for Environmental Laboratories (DoD QSM)” , Version 4.1, April 2009.  The DoD ELAP accreditation documentation 
is included in Appendix D. 
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SAP Works hee t #32 -- As s es s ment Findings  and  Correc tive  Ac tion  Res pons es  

(UFP-QAPP Manual Section 4.1.2) 
 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) Notified of Findings  
(name, title, organization) 

Timeframe of 
Notification 

Nature of 
Corrective 

Action 
Response 

Documentation  

Individual(s) Receiving 
Corrective Action Response  

(name, title, organization) 

Timeframe 
for 

Response 

Field 
Sampling 

System Audit 

Audit checklist 
and written audit 
finding summary 

Biff Cummings, PM, Tetra Tech 
TBD, FOL, Tetra Tech 

John Trepanowski, Program 
Manager, Tetra Tech 

Garth Glenn, Deputy Program 
Manager, Tetra Tech 

Dependent on 
the finding, if 
major a stop 
work may be 

issue 
immediately, 

however if minor 
within 1 week of 

audit 

Written memo 

Biff Cummings,  PM, Tetra 
Tech; TBD, FOL, Tetra Tech; 
Tom Johnston, North Atlantic 

QAM, Tetra Tech; 
TBD, Field Auditor, Tetra Tech; 

John Trepanowski, Program 
Manager, Tetra Tech; 

Garth Glenn, Deputy Program 
Manager, Tetra Tech; 

Within 48 
hours of 

notification 

Laboratory 
System Audit 

Written audit 
report 

Rick Davis Laboratory Director,  
Randy Ward Laboratory QAM 

Empirical 

Not specified by 
DoD ELAP  Letter DOD ELAP Accrediting Body 

Specified by 
DOD ELAP 
Accrediting 

Body 
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SAP Works hee t #33 -- QA Management Reports  Table  

(UFP QAPP Manual Section 4.2) 
 

 
Type of Report 

 

Frequency 

(daily, weekly monthly, quarterly, 
annually, etc.) 

 
Projected Delivery 

Date(s) 

 

Person(s) Responsible 
for Report Preparation 

(title and organizational affiliation) 

 

Report Recipient(s) 

(title and organizational affiliation) 

Data validation report Per SDG 

Upon completion of data 
validation (usually within 3 

weeks of receipt of laboratory 
data) 

DVM and staff chemists, Tetra 
Tech PM and project file, Tetra Tech 

Major analysis problem 
identification (internal Tetra 

Tech Memorandum) 

When persistent analysis 
problems are detected by 

Tetra Tech that may impact 
data usability 

Immediately upon detection of 
problem (on the same day) 

NAVFAC Atlantic QAM, Tetra 
Tech 

PM, CLEAN QAM, Program 
Manager, and project file Tetra 

Tech 

Project monthly progress 
report Monthly for duration of project Monthly PM, Tetra Tech 

 Navy RPM, Navy;  CLEAN 
QAM, Program Manager, and 

project file, Tetra Tech 

Laboratory QA report 
When significant plan 
deviations result from 

unanticipated circumstances 

Immediately upon detection of 
problem (on the same day) Laboratory PM, Empirical PM and project file, Tetra Tech 

Audit report In conjunction with audits After completion of audits 
(usually 3 weeks) 

Tetra Tech or third party 
Auditor(s) 

PM and QAM, Tetra Tech, and 
audited entity 
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SAP Works hee t #34 -- Verifica tion  (S tep  I) P roces s  Table  

(UFP-QAPP Manual Section 5.2.1) 
 

Verification Input Description 
Internal /  
External 

Responsible for 
Verification  

(name, organization) 
Chain-of-Custody 
Forms 

The Tetra Tech FOL or designee will review and sign the chain-of-custody form to verify that 
all samples listed are included in the shipment to the laboratory and the sample information is 
accurate.  The forms will be signed by the sampler and a copy will be retained for the project 
file, the Tetra Tech PM, and the Tetra Tech Data Validators. 

Internal Sampler and FOL, Tetra 
Tech 

The Empirical Laboratory Sample Custodian will review the sample shipment for 
completeness, integrity, and sign accepting the shipment.  The Tetra Tech Data Validators will 
check that the chain-of-custody form was signed and dated by the Tetra Tech FOL or 
designee relinquishing the samples and also by the Laboratory Sample Custodian receiving 
the samples for analyses. 

Internal/ 
External 

1 - Laboratory Sample 
Custodian, Empirical 
2 - Data Validators, Tetra 
Tech 

SAP Sample Tables/  
Chain-of-Custody 
Forms 

Verify that all proposed samples listed in the SAP tables have been collected. Internal FOL or designee, Tetra 
Tech 

Sample Log Sheets Verify that information recorded in the log sheets is accurate and complete.  Internal FOL or designee, Tetra 
Tech 

SAP/ Field Logs/ 
Analytical Data 
Packages 

Ensure that all sampling SOPs were followed.  Verify that deviations have been documented 
and MPCs have been achieved.  Particular attention should be given to verify that samples 
were correctly identified, that sampling location coordinates are accurate, and that 
documentation establishes an unbroken trail of documented chain-of-custody from sample 
collection to report generation.  Verify that the correct sampling and analytical methods/SOPs 
were applied.  Verify that the sampling plan was implemented and carried out as written and 
that any deviations are documented.   

Internal PM or designee, Tetra Tech 

Sample Coordinates Ensure that sample locations are correct and in accordance with the SAP proposed locations.  
Document any discrepancies in the final report. 

Internal FOL or designee, Tetra 
Tech 

SAP/ Analytical 
SOPs/ Analytical 
Data Packages 

Ensure that all laboratory SOPs were followed.  Verify that the correct analytical 
methods/SOPs were applied. 

Internal Laboratory QAM, Empirical 

SAP/ Laboratory 
SOPs/ Raw Data/ 
Applicable Control 
Limits Tables 

Establish that all method QC samples were analyzed and in control as listed in the analytical 
SOPs.  If method QA is not in control, the Laboratory QAM will contact the Tetra Tech PM 
verbally or via e-mail for guidance prior to report preparation. 

Internal Laboratory QAM, Empirical 

SAP/ Chain-of-
Custody Forms 

Check that field QC samples listed in Worksheet #20 were collected as required. Internal FOL or designee, Tetra 
Tech 
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Verification Input Description 
Internal /  
External 

Responsible for 
Verification  

(name, organization) 
Electronic Data 
Deliverables 
(EDDs)/ Analytical 
Data Packages 

Each EDD will be verified against the chain-of-custody and hard copy data package for 
accuracy and completeness.  Laboratory analytical results will be verified and compared to 
the electronic analytical results for accuracy.  Sample results will be evaluated for laboratory 
contamination and will be qualified for false positives using the laboratory method/preparation 
blank summaries.  Positive results reported between the DL and the LOQ will be qualified as 
estimated.  Extraneous laboratory qualifiers will be removed from the validation qualifier. 

External Data Validators, Tetra Tech 

Analytical Data 
Packages 
 

All analytical data packages will be verified internally for completeness by the laboratory 
performing the work.  The Laboratory QAM will sign the case narrative for each data package. 

Internal Laboratory QAM, Empirical  

Each data package will be verified for completeness by the Tetra Tech Data Validator.  
Missing information will be requested by the Tetra Tech Data Validator from the Laboratory 
PM. 

External Data Validators,  Tetra Tech 
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SAP Works hee t #35 -- Va lida tion  (S teps  IIa  and  IIb) Proces s  Table   

(UFP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual) 
 
 

Step IIa / 
IIb

 
Validation 

Input 
Description 

Responsible for 
Validation (name, 

organization) 
IIa 
 

Chain-of-
Custody Forms 

Custody - Ensure that the custody and integrity of the samples was maintained from 
collection to analysis and the custody records are complete and any deviations are recorded.  
Review that the samples were shipped and store at the required temperature and sample pH 
for chemically-preserved samples meet the requirements listed in Worksheet #19.  Ensure 
that the analyses were performed within the holding times listed in Worksheet #19. 

Project Chemist or Data 
Validators, Tetra Tech 
 

IIa/IIb 
 
 

SAP/ Laboratory 
Data Packages/ 
EDDs  
 
 

Accuracy - Ensure that the laboratory QC samples listed in Worksheet #28 were analyzed 
and that the MPCs listed in Worksheet #12 were met for all field samples and QC analyses.  
Check that specified field QC samples were collected and analyzed and that the analytical 
QC criteria set up for this project were met.   

Project Chemist or Data 
Validators, Tetra Tech 
 
 

Precision - Check the field sampling precision by calculating the RPD for field duplicate 
samples.  Check the laboratory precision by reviewing the RPD or percent difference values 
from laboratory duplicate analyses; MS/MSDs; and LCS/LCSD, if available.  Ensure 
compliance with the methods and project MPCs accuracy goals listed in Worksheet #12. 
Representativeness - Check that the laboratory recorded the temperature at sample receipt 
and the pH of the chemically preserved samples to ensure sample integrity from sample 
collection to analysis. 
Completeness - Review the chain-of-custody forms generated in the field to ensure that the 
required analytical samples have been collected, appropriate sample identifications have 
been used, and correct analytical methods have been applied.  The Tetra Tech Data 
Validator will verify that elements of the data package required for validation are present, and 
if not, the laboratory will be contacted and the missing information will be requested.  
Validation will be performed as per Worksheet #36.  Check that all data have been 
transferred correctly and completely to the final SQL database.   
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Step IIa / 
IIb

 
Validation 

Input 
Description 

Responsible for 
Validation (name, 

organization) 
IIb 
 
 
 

SAP/ Laboratory 
Data Packages/ 
EDDs 
 
 
 

Sensitivity - Ensure that the project LOQs listed in Worksheet #15 were achieved. Project Chemist or Data 
Validators, Tetra Tech 
 
 
 

PALs - Discuss the impact on reported DLs due to matrix interferences or sample dilutions 
performed because of the high concentration of one or more other contaminants, on the 
other target compounds reported as non-detected.  Document this usability issue and inform 
the Tetra Tech PM.  Review and add PSLs to the laboratory EDDs.  Flag samples and notify 
the Tetra Tech PM of samples that exceed PSLs listed in Worksheet #15. 
QA/QC - Ensure that all QC samples specified in the SAP were collected and analyzed and 
that the associated results were within prescribed SAP acceptance limits.  Ensure that QC 
samples and standards prescribed in analytical SOPs were analyzed and within the 
prescribed control limits.  If any significant QC deviations occur, the Laboratory QAM shall 
have contacted the Tetra Tech PM. 
Deviations - Summarize deviations from methods, procedures, or contracts in the Data 
Validation Report.  Determine the impact of any deviation from sampling or analytical 
methods and SOPs requirements and matrix interferences effect on the analytical results.  
Qualify data results based on method or QC deviation and explain all the data qualifications.  
Print a copy of the project database qualified data depicting data qualifiers and data 
qualifiers codes that summarize the reason for data qualifications.  Determine if the data met 
the MPCs and determine the impact of any deviations on the technical usability of the data. 
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SAP Works hee t #36 – Ana lytica l Da ta  Va lida tion  (S teps  IIa  and  IIb) Summary Table  

 (UFP-QAPP Manual Section 5.2.2.1) (Figure 37, page 110 UFP-QAPP Manual) 
 

 
Step IIa / IIb 

 
Matrix 

 
Analytical Group 

 
Validation Criteria 

 
Data Validator 

(title and organizational 
affiliation) 

IIa and IIb Soil  SVOCs (including low 
level PAHs) 

SW-846 8270C method-specific criteria 
and those criteria listed in Worksheet #12, 
#15,#24, and #28. If not included in these 
worksheets, then the logic outlined in 
USEPA Contract Laboratory Program 
National Functional Guidelines for Organic 
Data Review USEPA-540/R-99-008, 
October 1999, will be used to apply 
qualifiers to data.  50 percent full data 
validation will be performed. 

Data Validators, Tetra Tech 

 

IIa and IIb  Soil  Metals 

SW-846 6010C method-specific criteria 
and those listed in Worksheet #12, #15, 
#24, and #28. If not included in these 
worksheets,then  the logic outlined in 
USEPA Contract Laboratory Program 
National Functional Guidelines for 
Inorganic Data Review USEPA-540-R-04-
004, October 2004, will be used to apply 
qualifiers to data.  50 percent full data 
validation will be performed. 

Data Validators, Tetra Tech 

IIa and IIb  Soil  PCBs and Pesticides 

SW-846 8082A and 8081B method-specific 
criteria and those listed in Worksheet 
numbers #12, #15, #24, and #28.  If not 
included in these worksheets, then the 
logic outlined in USEPA Contract 
Laboratory Program National Functional 
Guidelines for Organic Data Review 
USEPA-540/R-99-008, October 1999, will 
be used to apply qualifiers to data.  50 
percent full data validation will be 
performed. 

Data Validators, Tetra Tech 

 
Notes:  Solid and Aqueous IDW results will not be validated. 
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SAP Works hee t #37 -- Us ability As s es s ment 

(UFP-QAPP Manual Section 5.2.3) 
 
Data Usability Assessment 

The usability of the data directly affects whether project objectives can be achieved.  The characteristics 

discussed below will be evaluated, at a minimum, as part of the data usability assessment.  The results of 

these evaluations will be included in the project report.  The characteristics will be evaluated for multiple 

concentration levels if the evaluator determines that this is necessary.  To the extent required by the type 

of data being reviewed, the assessors will consult with other technically competent individuals to render 

sound technical assessments of these DQI characteristics. 

 

Completeness 

For each matrix that was scheduled to be sampled, the Tetra Tech FOL acting on behalf of the Project 

Team will prepare a table listing planned samples/analyses to collected samples/analyses.  If deviations 

from the scheduled sample collection or analyses are identified, the Tetra Tech PM will determine 

whether the deviations compromise the ability to meet project objectives.  If they do, the Tetra Tech PM 

will consult with the Navy RPM and other Project Team members, as necessary (determined by the Navy 

RPM), to develop appropriate corrective actions. 

 

Precision 

The tetra Tech Project Chemist acting on behalf of the Project Team will determine whether precision 

goals for field duplicates and laboratory duplicates were met.  This will be accomplished by comparing 

duplicate results to precision goals identified in Worksheets #12 and #28.  This will also include a 

comparison of field and laboratory precision with the expectation that field duplicate results will be no less 

precise than laboratory duplicate results.  If the goals are not met, or, if data have been flagged as 

estimated (J qualifier), limitations on the use of the data will be described in the project report. 

 

Accuracy 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the 

accuracy/bias goals were met for project data.  This will be accomplished by comparing percent 

recoveries of LCS, LCSD, MS, MSD, and surrogate compounds to accuracy goals identified in 

Worksheet #28.  This assessment will include an evaluation of field and laboratory contamination; 

instrument calibration variability; and analyte recoveries for surrogates, MS, and LCSs.  If the goals are 

not met, limitations on the use of the data will be described in the project report.  Bias of the qualified 
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results and a description of the impact of identified non-compliances on a specific data package or on the 

overall project data will be described in the project report. 

 

Representativeness 

A Tetra Tech Project Scientist identified by the Tetra Tech PM and acting on behalf of the Project Team 

will determine whether the data are adequately representative of intended populations, both spatially and 

temporally.  This will be accomplished by verifying that samples were collected and processed for 

analysis in accordance with this SAP, by reviewing spatial and temporal data variations, and by 

comparing these characteristics to expectations.  The usability report will describe the representativeness 

of the data for each matrix and analytical fraction.  This will not require quantitative comparisons unless 

the professional judgment of the Tetra Tech Project Scientist indicates that a quantitative analysis is 

required.    

 

Comparability 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the data 

generated for this project are sufficiently comparable to historical site data generated by different methods 

and for samples collected using different procedures and under different site conditions.  This will be 

accomplished by comparing overall precision and bias among data sets for each matrix and analytical 

fraction.  This will not require quantitative comparisons unless the professional judgment of the Tetra 

Tech Project Chemist indicates that such quantitative analysis is required. 

 

Sensitivity 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether project 

sensitivity goals listed in Worksheet #15 are achieved.  The overall sensitivity and DLs from multiple data 

sets for each matrix and analysis will be compared.  If sensitivity goals are not achieved, the limitations on 

the data will be described.  The Tetra Tech Project Chemist will enlist the help of the project risk assessor 

to evaluate deviations from planned sensitivity goals. 

 

Project Assumptions and Data Outliers 

The Tetra Tech PM and designated Project Team members will evaluate whether project assumptions 

were valid.  This will typically be a qualitative evaluation but may be supported by quantitative 

evaluations.  The type of evaluation will depend on the assumption being tested.  Quantitative 

assumptions include assumptions related to data distributions (e.g., normal versus log-normal) and 

estimates of data variability.  Potential outliers will be removed if a review of the associated 

documentation indicates that the results have an assignable cause that renders them inconsistent with 
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the rest of the data.  During this evaluation, the team will consider whether outliers could be indications of 

unanticipated site conditions. 

 

Describe the evaluative procedures used to assess overall measurement error associated with the 

project:   

After the completion of data validation, the data and data quality will be reviewed to determine whether 

sufficient data of acceptable quality are available for decision making.  In addition to the evaluations 

described above, a series of inspections and statistical analyses will be performed to estimate these 

characteristics.  The statistical evaluations will include simple summary statistics for target analytes, such 

as maximum concentration, minimum concentration, number of samples with non-detected results, 

number of samples with detected results, and the proportion of samples with detected and non-detected 

results.  The Project Team members identified by the Tetra Tech PM will assess whether the data 

collectively support the attainment of project objectives.  They will consider whether any missing or 

rejected data have compromised the ability to make decisions or to make the decisions with the desired 

level of confidence.  The data will be evaluated to determine whether missing or rejected data can be 

compensated for by other data.  Although rejected data will generally not be used, there may be reason to 

use them in a weight-of-evidence argument, especially when they supplement data that have not been 

rejected.   If rejected data are used, their use will be supported by technically defensible rationales. 

 

Statistical comparisons and mathematical manipulations will be utilized in the evaluation of the results.  

Non-detected values will be substituted in these statistical comparisons and mathematical manipulations 

as appropriate to the statistical method used.  For example, for UCL calculations, the method detection 

limit value will be used according to USEPA guidance.  Duplicate results (original and duplicate) will not 

be averaged for the purpose of representing the range of concentrations.  Duplicate samples will be used 

for quality control purposes, not for the statistical comparisons and mathematical manipulations in the 

evaluation of the results. 

 

Identify the personnel responsible for performing the usability assessment:   

The Tetra Tech PM, Tetra Tech Project Chemist, Tetra Tech FOL, and Tetra Tech Project Scientist will be 

responsible for conducting the listed data usability assessments.  The data usability assessment will be 

reviewed with the Navy RPM, USEPA RPM, and Illinois EPA RPM.  If deficiencies affecting the 

attainment of project objectives are identified, the review will take place either in a face-to-face meeting or 

a teleconference, depending on the extent of identified deficiencies.  If no significant deficiencies are 

identified, the data usability assessment will simply be documented in the project report and reviewed 

during the normal document review cycle. 

 



Project-Specific SAP – Worksheet #37 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2010 
 

011107/P Page 93 of 93 CTO F27A 

Describe the documentation that will be generated during the usability assessment and how 

usability assessment results will be presented so that they identify trends, relationships 

(correlations), and anomalies:   

The data will be presented in tabular format, including data qualifications such as estimation (J, UJ) or 

rejection (R).  Written documentation will support non-compliant estimated or rejected data results.  The 

project report will identify and describe the data usability limitations and suggest resampling or other 

corrective actions, if necessary. 
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1.0   INTRODUCTION 

The objective of this Health and Safety Plan (HASP) is to provide the minimum safety practices and 

procedures to Tetra Tech NUS, Inc. (TtNUS) personnel conduct field activities at Site 12 at Naval Station 

Great Lakes, located in Great Lakes, Illinois. 

 

This HASP has been prepared using the latest available information regarding known or suspected 

chemical contaminants and potential and foreseeable physical hazards associated with the planned work 

at Naval Station Great Lakes.  This HASP has been designed to be used in accordance with the TtNUS 

Health and Safety Guidance Manual.  The Guidance Manual provides detailed information pertaining to 

procedures to be performed on site as directed by the HASP, as well as TtNUS standard operating 

procedures. 

 

This HASP supports proposed tasks and techniques associated with the scope of work (SOW) as 

presented in Section 4.0.  Should the proposed work site conditions and/or suspected hazards change, or 

if new information becomes available, this document will be modified.  Changes to the HASP will be made 

with the approval of the TtNUS CLEAN Health and Safety Manager (HSM) and the Project Manager (PM).  

The PM will notify affected personnel of changes. 

 

The elements of this HASP are in compliance with the requirements established by OSHA 29 Code of 

Federal Regulations (CFR) 1910.120, "Hazardous Waste Operations and Emergency Response" 

(HAZWOPER).  The information contained in this plan, as well as policies on conducting on site 

operations, has been obtained from the TtNUS Health and Safety Program and Naval Station Great 

Lakes policies and procedures. 

 

1.1  AUTHORITY 

This work is authorized under the Comprehensive Long - Term Environmental Action Navy (CLEAN) 

contract, administered through the U.S. Navy Naval Facilities Engineering Command Midwest, as defined 

under Contract Number N62470-08-D-1001; Contract Task Order F27A. 

 

1.2  KEY PROJECT PERSONNEL AND ORGANIZATION 

This section defines responsibilities for site safety and health for TtNUS and subcontractor employees 

conducting environmental sampling and other field activities.  Personnel assigned to these positions shall 

exercise the primary responsibility for the on site health and safety.  These persons will be the primary 
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point of contact for any questions regarding the safety and health procedures and the selected control 

measures. 

 

• The TtNUS PM is responsible for the overall direction and implementation of health and safety for this 

work. 

 

• The TtNUS Field Operations Leader (FOL) is responsible for implementation of this HASP.  The FOL 

manages field activities, executes the work plan, and enforces safety procedures, as applicable to the 

work plan.  Specifically, the FOL will: 

 

- Verify training and medical status of on-site personnel in relation to site activities. 

- Assist and represent TtNUS with emergency services (if needed) 

- Provide elements of site-specific training for on site personnel. 

 

• The TtNUS Site Safety Officer (SSO) or their representative supports the FOL concerning the aspects 

of health and safety including, but not limited to: 

 

- Coordinating the health and safety activities 

- Selecting, applying, inspecting, and maintaining personal protective equipment (PPE) 

- Establishing work zones and control points 

- Implementing air monitoring procedures 

- Implementing hazard communication, respiratory protection, and other associated safety and 

health programs 

- Coordinating emergency services  

- Providing elements of site-specific training 

 

• Compliance with these requirements is monitored by the Project Health and Safety Officer (PHSO) 

and is coordinated through the HSM. 

 

ALL employees are empowered, authorized, and responsible to STOP WORK at any time when an 

imminent and uncontrolled safety or health hazard is perceived.  In a Stop Work event (immediately after 

the involved task has been shut down and the work area has been secured in a safe manner) the 

employee shall contact the Project Manager and the Corporate Health and Safety Manager.  Through 

observations and communication, all parties involved shall then develop, communicate, and implement 

corrective actions necessary and appropriate to modify the task and to resume work. 
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1.3  SITE INFORMATION AND PERSONNEL ASSIGNMENTS 

Site Name: Naval Station Great Lakes Site 12   Address: Great Lakes, Illinois  

 
Address: 201 Decatur Avenue           
 
U.S. Navy Remedial Project Manager/Engineer-In-Charge/Site Point of Contact: Howard Hickey  

Phone Number: (847) 688-2600 Ext. 243 and (847) 815-6719 (cell)   

 
Purpose of Site Visit: TtNUS will conduct a remedial investigation and associated activities   

 
Proposed Dates of Work:  November 2009 through completion       
 
Project Team: 
 
Tetra Tech NUS Personnel:  Discipline/Tasks Assigned: 
Robert Davis, P.E.  Project Manager (PM) 
TBD  Field Operations Leader (FOL) 
Chuck Metz  Technical Expert 
Matthew M. Soltis, CIH, CSP  Health and Safety Manager (HSM) 
Jennifer Carothers, PhD  Project Health and Safety Officer (PHSO) 
TBD   Site Safety Officer (SSO) 
TBD  Geologist 
 
Subcontractor Personnel:  Discipline/Tasks Assigned: 
TBD  Driller 
TBD  Surveyor 
   
 
Hazard Assessment (for purposes of 29 CFR 1910.132) for HASP preparation has been conducted by: 
 
Prepared by: Jennifer Carothers, PhD   
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2.0   EMERGENCY ACTION PLAN 

2.1  INTRODUCTION 

This section has been developed as part of a planning effort to direct and guide field personnel in the 

event of an emergency.  However, given the nature and scope of planned site activities, significant 

emergency situations are unlikely.  In the event of an emergency, TtNUS personnel will provide 

emergency response support only to the capabilities of on site personnel.  Emergency situations that are 

beyond the capabilities of on site TtNUS personnel will require assistance from outside emergency 

responders.  In the event of emergencies that are beyond the capabilities of on site personnel, an 

evacuation will be initiated.  In an evacuation, site personnel will move to a safe place of refuge and the 

appropriate emergency response agencies will be notified.  The emergency response agencies listed in 

Table 2-1 of this plan are capable of providing the most effective response, and as such, will be 

designated as the primary responders.  These agencies are located within a reasonable distance from the 

areas of site operations, which ensures adequate emergency response time.  This emergency action plan 

conforms to the requirements of Occupational Safety and Health Administration (OSHA) Standard 29 

CFR 1910.38(a), as allowed in OSHA 29 CFR 1910.120(I)(1)(ii). 

 

TtNUS personnel will, through the necessary actions, provide incidental response measures for incidents 

such as: 

 

• Incipient fire and spill prevention and response 

• Removal of personnel from emergency situations 

• Provision of initial medical support for injury/illnesses requiring only first-aid level support 

• Provision of site control and security measures, as necessary 

 

2.2  EMERGENCY PLANNING 

Through the initial hazard/risk assessment effort, there is very minor potential for injury or illnesses 

resulting from exposure to chemical, physical, or other hazards, and subsequently little likelihood of  

emergency situations.  To further minimize or eliminate potential emergency situations, pre-emergency 

planning activities associated with this project will be implemented.  The FOL is responsible for: 

 

• Coordinating response actions with Naval Station Great Lakes Emergency Services personnel to 

ensure that TtNUS emergency action activities are compatible with existing facility emergency 

response procedures. 
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• Identifying a chain of command for emergency action. 

 

• Educating site workers to the hazards and control measures associated with planned activities at the 

site, and providing early recognition and prevention, where possible. 

 

2.3  EMERGENCY RECOGNITION AND PREVENTION 

2.3.1  Recognition 

Foreseeable emergency situations that may be encountered during site activities will generally be 

recognizable by visual observation.  Visual observation will be the principal method of identifying any 

hazards that may be associated with the proposed SOW.  These potential hazards, the activities with 

which they have been associated, and the recommended control methods are discussed in detail in 

Sections 5.0 and 6.0 of this document. 

 

2.3.2  Prevention 

TtNUS personnel will minimize the potential for emergencies by ensuring compliance with the HASP, the 

Health and Safety Guidance Manual, applicable OSHA regulations, and by following directions given by 

those persons responsible for the health, safety, and welfare of site personnel.  

 

2.4  SAFE DISTANCES AND PLACES OF REFUGE 

In the event that the site must be evacuated, personnel will immediately stop activities and report to a pre-

determined safe place of refuge.  The safe place of refuge may also serve as the telephone 

communication point, as communication with emergency response agencies may be necessary.  

Telephone communication points and safe places of refuge will be determined prior to the 

commencement of site activities and will be conveyed to personnel as part site-specific training and/or 

daily safety meetings.  Upon reporting to the refuge location, personnel will remain there until directed 

otherwise by the TtNUS FOL or the On-Scene Incident Commander.  The FOL will take a head count at 

this location to confirm the presence of site personnel.  Emergency response agencies will be notified of 

any unaccounted for personnel. 

 

2.5  EVACUATION ROUTES AND PROCEDURES 

Once an evacuation is initiated, personnel will terminate site activities and proceed immediately to the 

designated place of refuge, unless doing so would further jeopardize the welfare of workers.  In such an 

event, personnel will proceed to a designated alternate location and remain there until further notification 
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from the FOL.  The use of these locations as assembly points provides communication and a direction 

point for emergency services, should they be needed. 

 

2.5.1  Decontamination Procedures/Emergency Medical Treatment 

During any site evacuation, decontamination procedures will be performed only if doing so does not 

further jeopardize the welfare of site workers.  Decontamination will be postponed if the incident warrants 

immediate evacuation.   

 

TtNUS personnel will perform removal of personnel from emergency situations and may provide initial 

medical support for injury/illnesses requiring only first-aid level support.  Medical attention above that level 

will require assistance and support from the designated emergency response agencies.  Attachment I 

provides the procedure to follow when reporting an injury/illness, and the form to be used for this purpose.  

If the emergency involves personnel exposures to chemicals, follow the steps provided in 
Figure 2-1. 
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FIGURE 2-1 
POTENTIAL EXPOSURE PROTOCOL 

The purpose of this protocol is to provide guidance for the medical management of exposure situations.   

In the event of a personnel exposure to a hazardous substance or agent: 

 
• Rescue, when necessary, employing proper equipment and methods. 
 
• Give attention to emergency health problems -- breathing, cardiac function, bleeding, and shock. 
 
• Transfer the victim to the medical facility designated in this HASP by suitable and appropriate 

conveyance (i.e. ambulance for serious events)  
 
• Obtain as much exposure history as possible (a Potential Exposure Report is attached). 
 
• If the exposed person is a TtNUS employee, call the medical facility and advise them that the 

patient(s) is/are being sent and that they can anticipate a call from the WorkCare physician.  
WorkCare will contact the medical facility and request specific testing which may be appropriate.  The 
care of the victim will be monitored by WorkCare physicians.  Site officers and personnel should not 
attempt to get this information, as this activity leads to confusion and misunderstanding. 

 
• Call WorkCare at (800) 455-6155 (enter Ext. 109), or follow the voice prompt for after hours and 

weekend notification, and be prepared to provide: 
 

1) Any known information about the nature of the exposure. 
2) As much of the exposure history as was feasible to determine in the time allowed. 
3) Name and phone number of the medical facility to which the victim(s) has/have been taken. 
4) Name(s) of the exposed TtNUS, Inc. employee(s). 
5) Name and phone number of an informed site officer who will be responsible for further 

investigations. 
 

• Fax appropriate information (e.g., Material Safety Data Sheets [MSDS]) to WorkCare at 
(714) 456-2154. 

 
• Contact Corporate Health and Safety Department (Matt Soltis) and Human Resources Manager 

(Marilyn Duffy) at (412) 921-7090. 
 

As environmental data is gathered and the exposure scenario becomes more clearly defined, this 

information should be forwarded to WorkCare. 

 

WorkCare will compile the results of data and provide a summary report of the incident.  A copy of this 

report will be placed in each victim’s medical file in addition to being distributed to appropriately 

designated company officials. 

 

Each involved worker will receive a letter describing the incident but deleting any personal or individual 

comments.  This generalized summary will be accompanied by a personalized letter describing the 

individual’s findings/results.  A copy of the personal letter will be filed in the continuing medical file 

maintained by WorkCare. 



Revision 0 
November 2009 

Naval Station Great Lakes 2-5 CTO F27A  

FIGURE 2-1 (continued) 
POTENTIAL EXPOSURE REPORT 

 
Name:  Date of Exposure:  
   
Social Security No.:  Age:  Sex:  
   
Client Contact:  Phone No.:  
   
Company Name:   
 

I. Exposing Agent 
 Name of Product or Chemicals (if known):       
              
 Characteristics (if the name is not known) 
 Solid  Liquid  Gas  Fume  Mist  Vapor 
 
II. Dose Determinants 
 What was individual doing?          
 How long did individual work in area before signs/symptoms developed?     

Was protective gear being used?  If yes, what was the PPE?       
Was there skin contact?           
Was the exposing agent inhaled?         
Were other persons exposed?  If yes, did they experience symptoms?     

 
III. Signs and Symptoms (check off appropriate symptoms) 
 

Immediately With Exposure: 
Burning of eyes, nose, or throat Chest Tightness / Pressure 
Tearing Nausea / Vomiting 
Headache Dizziness 
Cough Weakness 
Shortness of Breath 

 
Delayed Symptoms: 

Weakness Loss of Appetite 
Nausea / Vomiting Abdominal Pain 
Shortness of Breath Headache 
Cough Numbness / Tingling 
 

IV. Present Status of Symptoms (check off appropriate symptoms) 
Burning of eyes, nose, or throat Nausea / Vomiting 
Tearing Dizziness 
Headache Weakness 
Cough Loss of Appetite 
Shortness of Breath Abdominal Pain 
Chest Tightness / Pressure Numbness / Tingling 
Cyanosis 
 
Have symptoms:  (please check off appropriate response and give duration of symptoms) 
Improved:   Worsened:   Remained Unchanged:   
 

V. Treatment of Symptoms (check off appropriate response) 
 None:       Self-Medicated:   Physician Treated:   
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2.6  EMERGENCY ALERTING AND ACTION/RESPONSE PROCEDURES 

Since TtNUS personnel will be working in close proximity to each other, voice commands will comprise 

the mechanisms to alert site personnel of an emergency.  If an incident occurs, site personnel will initiate 

the following procedures: 

 

• Initiate incident alerting procedures (if needed) verbally. 

 

• Describe to the FOL (who will serve as the Incident Coordinator) what has occurred and provide as 

many details as possible. 

 

• If the FOL determines that the situation is beyond the capabilities of the site personnel emergency 

services will be contact using the emergency reference information listed in Table 2-1.  Explain the 

situation and the appropriate emergency services will be dispatched.  Stay on the phone and follow 
the instructions of the emergency contact. 

 

2.7  EMERGENCY CONTACTS 

Prior to performing work at the site, personnel will be thoroughly briefed on the emergency procedures to 

be followed in the event of an accident.  Table 2-1 provides a list of emergency contacts and their 

corresponding telephone numbers.  This table will be made readily available to site personnel and copies 

will be placed in each of the site vehicles. 
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TABLE 2-1 
EMERGENCY REFERENCE 

NAVAL STATION GREAT LAKES 
 

AGENCY TELEPHONE 

EMERGENCY 9-1-1 

Police, Fire/Hazardous Materials Release, EMS  (847) 688-3333* 

Base Contact, Mr. Howard Hickey 
(847) 688-2600 x 243 

(847) 815-6719 

Hospital: 

North Chicago VA Medical Center  
(847) 473-7830 

Poison Control Center (800) 222-1222 

Project Manager, Biff Cummings  (412) 320-2220 

CLEAN Health and Safety Manager, Matthew Soltis, CIH, CSP (412) 921-8912 

Project Health and Safety Officer, Jennifer Carothers, PhD (412) 921-8083 

Chemtrec (800) 424-9300 

National Response Center (800) 424-8802 

Tetra Tech NUS, Pittsburgh Office (412) 921-7090 

 

* WHEN DIALING FROM A BASE TELEPHONE, USE THE LAST FOUR DIGITS ONLY
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2.8     EMERGENCY ROUTE TO HOSPITAL 
 
 
 

FIGURE 2-2 
DIRECTIONS TO NORTH CHICAGO VA MEDICAL CENTER 

FROM SITE 12 
 
North Chicago VA Medical Center 
3001 Green Bay Rd, 
North Chicago, Illinois 60064 
(847) 688-1900 
http://www.northchicago.va.gov/ 
Total Travel Estimates: 7 minutes / 2.02 miles 
 
 
A: Site 12 
 
1: Start out going North to 10TH St 0.2 miles 
2. Turn LEFT onto 10TH ST 0.2 miles 
3. Turn RIGHT on E ST toward 6TH ST. 0.1 miles 
4: Turn RIGHT onto 6TH ST 0.0 miles 
5: Turn LEFT onto D ST. 0.4 miles 
6: Turn RIGHT onto SHERIDAN RD 0.2 miles 
7: Take the IL-137 ramp. 0.2 miles 
8: Turn SLIGHT RIGHT onto IL-137 W/BUCKLEY RD/CR-20 W/DOWNEY RD. 0.8 miles 
9: Turn LEFT onto IL-131/GREEN BAY RD 0.3 miles 
10: 3001 GREEN BAY RD is on the LEFT. 0.0 miles 
B: North Chicago VA Medical Center 
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2.9  INJURY AND ILLNESS REPORTING 

Any pertinent information regarding allergies to medications or other special conditions will be provided to 

medical service personnel.  This information is listed on Medical Data Sheets (see Attachment II) filed 

onsite.  If an exposure to hazardous materials has occurred, provide hazard information from Table 6-1 to 

medical service personnel.  As soon as possible, the Navy contact must be informed of any incident or 

accident that requires medical attention. 

 

2.10  PPE AND EMERGENCY EQUIPMENT 

First-aid kits, eye wash units (or bottles of disposable eyewash solution) and fire extinguishers will be 

maintained onsite and shall be immediately available for use in the event of an emergency.  This 

equipment will be located in the field office or site vehicles.  Personnel will only provide first-aid 

assistance to the level of their training. 
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3.0   SITE BACKGROUND 

3.1  SITE DESCRIPTION 

The Naval Station Great Lakes is located in Lake County, Illinois, on the shore of Lake Michigan about 

50 miles north of downtown Chicago.  Dedicated in 1911, Naval Station Great Lakes is the largest naval 

training center in the United States.  Naval Station Great Lakes consists of approximately 1,650 acres 

with over 1,000 buildings. 

 

3.2 SITE 12 (HARBOR DREDGE SPOIL AREA) 

Site 12, the Harbor Dredge Spoil Area is approximately 4 acres located in a flat area on the shore of the 

Naval Training Center Outer Harbor. The Area is bounded by the lake on the east, beach to the north and 

south, and by an approximately 50-foot high bluff on the west. The area was used to deposit sediment 

from harbor dredging activities that occurred during in the 1950s and 1970s. In addition, the site has 

reportedly accepted demolition debris and other waste over the years. The area is currently grassed and 

is used for picnic and recreational purposes. 

 

The Inner Harbor sediments are contaminated with heavy metals, PCB, and oils. The source of these 

contaminants was identified as the industries located upstream from the activity. Hazardous wastes 

generated by private industry upstream of the activity may have entered the harbor, and these wastes 

may pose a threat to the environment, even though there is no history of direct dumping in the harbor. 

Similarly, the sediments dredged from the harbor may contain concentrations of hazardous materials.
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4.0   SCOPE OF WORK 

This section discusses the specific tasks that are to be conducted as part of this SOW at Naval Station 

Great Lakes.  These tasks are the only ones addressed by this HASP.  Any tasks to be conducted 

outside of the elements listed here will be considered a change in scope requiring modification of this 

document.  The PM or a designated representative will submit the requested modifications to this 

document to the HSM. 

 

Specific tasks to be conducted include, but are not necessarily limited to, the following: 

 

• Mobilization/demobilization 

• Utility Clearance 

• Monitoring well installation and soil and groundwater sampling via Direct Push Technology (DPT) and 

Hollow Stem Auger (HSA) 

• Decontamination 

• Investigation-derived waste management 

 

For more detailed description of the associated tasks, refer to the Work Plan (WP). 
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5.0   IDENTIFYING AND COMMUNICATING TASK-SPECIFIC HAZARDS AND 
GENERAL SAFE WORK PRACTICES 

The purpose of this section is to identify the anticipated hazards and appropriate hazard 

prevention/hazard control measures that are to be observed for each planned task or operation. These 

topics have been summarized for each planned task through the use of task-specific Safe Work Permits 

(SWPs) that are to be reviewed in the field by the SSO with task participants prior to initiating any task.  

Additionally, potential hazard and hazard control matters that are relevant but are not necessarily task-

specific are addressed it the following portions of this section. 

 

Section 6.0 presents additional information on hazard anticipation, recognition, and control relevant to the 

planned field activities. 

 

5.1  GENERAL SITE SAFE WORK PRACTICES 

In addition to the task-specific work practices and restrictions identified in the SWPs attached to this 

HASP, the following general safe work practices are to be followed when conducting work on-site.   

 

• Eating, drinking, chewing gum or tobacco, taking medication, or smoking in contaminated or 

potentially contaminated areas or where the possibility for the transfer of contamination exists is 

prohibited. 

 

• Wash hands and face thoroughly upon leaving a contaminated or suspected contaminated area.  If a 

source of potable water is not available at the work site that can be used for hands-washing, the use 

of waterless hands cleaning products will be used, followed by actual hands-washing as soon as 

practicable upon exiting the site.   

 

• Avoid contact with potentially contaminated substances including puddles, pools, mud, or other such 

areas.  Avoid, kneeling on the ground or leaning or sitting on equipment.  Keep monitoring equipment 

away from potentially contaminated surfaces. 

 

• Plan and mark entrance, exit, and emergency evacuation routes.  

 

• Rehearse unfamiliar operations prior to implementation. 

 

• Buddies should maintain visual contact with each other and with other on-site team members by 

remaining in close proximity to assist each other in case of emergency. 
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• Establish appropriate safety zones including support, contamination reduction, and exclusion zones.  

 

• Minimize the number of personnel and equipment in contaminated areas (such as the exclusion 

zone).  Non-essential vehicles and equipment should remain within the support zone. 

 

• Establish appropriate decontamination procedures for leaving the site.  

 

• Immediately report all injuries, illnesses, and unsafe conditions, practices, and equipment to the SSO. 

 

• Observe co-workers for signs of toxic exposure and heat or cold stress. 

 

• Inform co-workers of potential symptoms of illness, such as headaches, dizziness, nausea, or blurred 

vision. 

 

5.2  DPT/HSA SAFE WORK PRACTICES 

The following Safe Work Practices are to be followed when working in or around the DPT/HSA 

Operations (HSGM, Section 7.0). 

 

• Identify underground utilities and buried structures before commencing any DPT/HSA operations.  

Follow the TtNUS Utility Locating and Excavation Clearance Standard Operating Procedure. 

 

• DPT/HSA rigs will be inspected by the SSO or designee, prior to the acceptance of the equipment at 

the site and prior to the use of the equipment.  Repairs or deficiencies identified will be corrected prior 

to use.  The inspection will be accomplished using the Equipment Inspection Checklist for DPT/HSA 

rigs provided in Attachment III.  After the initial inspection and release for use on site, additional 

inspections will be performed at least at the beginning of every 5 or 10-day shift, or following any 

repairs or significant maintenance activities. 

 

• Ensure that all machine guarding is in place and properly adjusted. 

 

• Block the DPT/HSA rig and use levelers to prevent inadvertent movement. 

 

• The work area around the point of operation will be cleared to the extent possible to remove any trip 

hazards near or surrounding operating equipment. 
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• The driller’s helper will establish an equipment staging and laydown plan.  The purpose of this is to 

keep the work area clear of clutter and slips, trips, and fall hazards.  Mechanisms to secure heavy 

objects such as DPT/HSA flights will be provided to avoid the collapse of stacked equipment. 

 

• Minimize contact to the extent possible with contaminated tooling and environmental media.  

Potentially contaminated tooling will be placed on polyethylene sheeting for storage and wrapped for 

transport to the centrally located equipment decontamination area 

 

• Support functions (sampling and screening stations) will be maintained a minimum distance from the 

DPT/HSA rig of the height of the mast plus five feet, but not less than 25 feet around the rig. 

  

• Only qualified operators and knowledgeable ground crew personnel will participate in the operation of 

the DPT/HSA rig. 

 

• During maintenance, use only manufacturer provided/approved equipment (i.e. auger flight 

connectors, etc.) 

 

• In order to minimize contact with potentially contaminated tooling and media and to minimize lifting 

hazards, multiple personnel should be used to move auger flights and other heavy tooling. 

 

• Only personnel absolutely essential to the work activity will be allowed in the exclusion zone.  

 

• Equipment used within the exclusion zone will undergo a complete decontamination and evaluation 

by the FOL and/or the SSO to determine cleanliness prior to moving to the next location, exiting the 

site, or prior to down time for maintenance. 

 

• Motorized equipment will be fueled prior to the commencement of the day’s activities.   

 

• When not in use DPT/HSA rig will be shutdown, and emergency brakes set and wheels will be 

chocked to prevent movement. 

 

Investigative areas will be restored to equal or better condition than original to remove any contamination 

brought to the surface and to remove any physical hazards.  In situations where these hazards cannot be 

immediately removed, the area will be barricaded to limit access. 
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6.0   HAZARD ASSESSMENT 

This section provides information regarding the chemical and physical hazards which may be associated 

with the Site and the activities that are to be conducted as part of the SOW.  .   

 

6.1  CHEMICAL HAZARDS 

There has been limited data from previous site investigations conducted at Site 12, however based on an 

evaluation of the data and historical information, the primary site COCs from past history are, volatile 

organic compounds (VOCs), pesticides, and metals (primarily lead).  Table 6-1 shows a comparison of 

the maximum concentrations of some of the primary COCs previously detected on the site, their worst-

maximum concentrations previously detected, and to current Occupational Exposure Limits (OELs). 

 
TABLE 6-1 

COMPARISON OF COC CONCENTRATIONS  
WITH CURRENT OCCUPATIONAL EXPOSURE LIMITS 

Particulates 

Contaminant 
of Concern 

Highest Concentration 
Previously Detected in 

Soil  

Amount of Dust-in-Air that 
would have to be 

generated before PEL/TLV 
would be reached 

Current OSHA PEL 
and ACGIH TLV 

(Pesticides) 
DDT 0.830 mg/kg 301000 mg/m3 ACGIH: 1 mg/m3 

OSHA: 1 mg/m3 
Lead 396.40 mg/kg 31.53 mg/m3 OSHA & ACGIH:0.5 mg/m3, TWA8 

Arsenic 20.85 mg/kg 119.90 mg/m3 ACGIH: 0.01 mg/m3 
OSHA: 0.01 mg/m3 ;TWA8 

VOCs 

Contaminant 
of Concern 

Highest Concentration 
Previously Detected in 

Soil 

Worst-Case-Scenario Air 
Concentration 

Current OSHA PEL 
and ACGIH TLV 

Acetone 169 ug/kg 24.48 ppm ACGIH: 1 ppm 
OSHA: 1 ppm - TWA8 

Methylene 
Chloride 69 ug/kg 18.11 ppm 

ACGIH: 50 ppm 
OSHA: 25 ppm - TWA8; 

125 ppm -  STEL 

Toluene 25 ug/kg 0.4 ppm 

ACGIH: 20 ppm 
OSHA: 200 ppm - TWA8 

300 ppm - Ceiling; 
500ppm - 10-min peak in 8 hour shift 

 

Table Notes:  

• TWA8:  Average air concentration over an 8-hour work period that is not to be exceeded  

• TCE OSHA STEL: Concentration in air that is not to be exceed for more than 5 minutes in any 3 hour 

period 

• ACGIH STEL:  Concentration in air that is not be exceeded for more than 15 minutes more than 4 

times per day 
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6.1.1 Volatile Organic Compounds (VOCs) 

VOCs are emitted as gases from certain solids or liquids. VOCs include a variety of chemicals, some of 

which may have adverse health effects. VOCs are emitted by a wide array of products numbering in the 

thousands. Examples include: paints and lacquers, paint strippers, cleaning supplies, pesticides, building 

materials and furnishings, office equipment such as copiers and printers, correction fluids and carbonless 

copy paper, graphics and craft materials including glues and adhesives, permanent markers, and 

photographic solutions. 

 

Exposure to VOCs can cause irritation of the nose and throat and central nervous system (CNS) 

depression, with symptoms such as drowsiness, dizziness, giddiness, headache, loss of coordination. 

High concentrations can cause numbness and facial pain, reduced eyesight, unconsciousness, irregular 

heartbeat and death.  Very high concentrations can cause death due to CNS effects, and, in rare cases, 

irregular heart beat.  Permanent nervous system damage and/or liver injury have resulted from severe 

overexposure. 

 

6.1.2 Pesticides 

A pesticide is any substance or mixture of substance intended for preventing, destroying, repelling or 

mitigating any pest. 

 

Symptoms of pesticide exposure include abdominal pain, dizziness, headaches, nausea, vomiting, as 

well as skin and eye problems. 

 

6.1.3 Metals 

There are 35 metals that concern us because of occupational or residential exposure; 23 of these are the 

heavy elements or "heavy metals": antimony, arsenic, bismuth, cadmium, cerium, chromium, cobalt, 

copper, gallium, gold, iron, lead, manganese, mercury, nickel, platinum, silver, tellurium, thallium, tin, 

uranium, vanadium, and zinc. 

 

Heavy metal toxicity can result in damaged or reduced mental and central nervous function, lower energy 

levels, and damage to blood composition, lungs, kidneys, liver, and other vital organs. Long-term 

exposure may result in slowly progressing physical, muscular, and neurological degenerative processes 

that mimic Alzheimer's disease, Parkinson's disease, muscular dystrophy, and multiple sclerosis.  

Allergies are not uncommon and repeated long-term contact with some metals or their compounds may 

even cause cancer. 
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Lead, specifically, is a potential contaminant of concern at Site 12.  Lead is a poisonous metal that can 

damage nervous connections and cause blood and brain disorders. Because of its low reactivity and 

solubility, lead poisoning usually only occurs in cases when the lead is dispersed, like when sanding lead 

based paint, or long term exposure in the case of pewter tableware. The effects of lead are the same 

whether it enters the body through breathing or swallowing.  Lead can affect almost every organ and 

system in the body. The main target for lead toxicity is the nervous system, both in adults and children.  

Exposure to high lead concentrations can severely damage the brain and kidneys and ultimately cause 

death. 

 

6.1.4  Inhalation 

Based on an evaluation of the data concerning the metals previously detected on the site, the amount of 

dust-in-air that would have to be generated to reach current OELs is well within the spectrum visible to 

the naked eye (>2.0mg m3).  Therefore, the use of area wetting techniques to suppress dust generation is 

sufficient for this site to protect against the generation of metal-containing dust. 

 

In addition, from a worst-case scenario, it is not thought that any of the VOCs concentrations immediately 

above a captured air phase above contaminated media (such as in the head space of a monitoring well) 

could reach concentrations that exceed permissible limits. In addition, it is important to recognize the 

following: 

 

• the planned work area is outdoors, with ample natural ventilation that will reduce any airborne  

through dilution and dispersion 

 

As a result of this, it is very unlikely that workers participating in this activity will encounter any airborne 

concentrations of VOCs that would represent an inhalation exposure concern.  To monitor this route, real-

time direct reading monitoring instruments will be used (as described in Section 7.0).  This will performed 

during intrusive tasks, as these tasks are the most likely to involve encountering/releasing any VOCs and 

into the air phase.  

 

6.1.5 Ingestion and Skin Contact 

Potential exposure concerns to VOCs/pesticides/metals (lead) may also occur through ingesting or 

coming into direct skin contact with contaminated media.  The likelihood of worker exposure concerns 

through these two routes are also considered very unlikely, provided that workers follow good personal 

hygiene and standard good sample collection/sample handling practices, and wear appropriate PPE as 
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specified in this HASP.  Examples onsite practices that are to be observed that will protect workers from 

exposure via ingestion or skin contact include the following: 

 

• No hand-to-mouth activities on site (eating, drinking, smoking, etc.) 

• Washing hands upon leaving the work area and prior to performing any hand to mouth activities 

• Wearing surgeon's-style gloves whenever handling potentially-contaminated media, including 

groundwater, bailing tools, and sample containers. 

 

6.2  PHYSICAL HAZARDS 

The following is a list of physical hazards that may be encountered at the site or may be present during 

the performance of site activities. 

 

• Slip, trips, and falls 

• Strain/muscle pulls from heavy lifting 

• Heat/Cold Stress 

• Pinch/compression points 

• Natural hazards (snakes, ticks, poisonous plants, etc.) 

• Vehicular and equipment traffic 

• Inclement weather 

 

These hazards are discussed further below, and are presented relative to each task in the task-specific 

SWPs. 

 

6.2.1  Slips, Trips, and Falls 

During various site activities there is a potential for slip, trip, and fall hazards associated with wet, steep, 

or unstable work surfaces.  To minimize hazards of this nature, personnel required to work in and along 

areas prone to these types of hazards will be required to exercise caution, and use appropriate 

precautions (restrict access, guardrails, life lines and/or safety harnesses) and other means suitable for 

the task at hand.  Site activities will be performed using the buddy system. 

 

6.2.2  Strain/Muscle Pulls from Heavy Lifting 

During execution of planned activities there is some potential for strains, sprains, and/or muscle pulls due 

to the physical demands and nature of this site work.  To avoid injury during lifting tasks personnel are to 

lift with the force of the load carried by their legs and not their backs.  When lifting or handling heavy 
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material or equipment use an appropriate number of personnel.  Keep the work area free from ground 

clutter to avoid unnecessary twisting or sudden movements while handling loads.  

 

6.2.3  Heat/Cold Stress 

Because of the geographical location of the planned work, the likely seasonal weather conditions that will 

exist during the planned schedule, and the physical exertion that can be anticipated with some of the 

planned tasks, it will be necessary for the field team to be aware of the signs and symptoms and the 

measures appropriate to prevent heat/cold stress.   This is addressed in detail in Section 4.0 of the 

TtNUS Health and Safety Guidance Manual, which the SSO is responsible for reviewing and 

implementing as appropriate on this project.   

 

6.2.4  Pinch/Compression Points 

Handling of tools, machinery, and other equipment on site may expose personnel to pinch/compression 

point hazards during normal work activities.  Where applicable, equipment will have intact and functional 

guarding to prevent personnel contact with hazards.  Personnel will exercise caution when working 

around pinch/compression points, using additional tools or devices (e.g., pinch bars) to assist in 

completing activities. 

 

6.2.5  Vehicular and Equipment Traffic 

Hazards associated with vehicular and equipment traffic are unlikely to exist during site activities.  To 

minimize the potential for injuries associated with potential vehicular hazards, site personnel will be 

instructed to maintain awareness of traffic and moving equipment when performing site activities.  When 

working near roadways, site personnel will wear high visibility vests.   

 

6.3  NATURAL HAZARDS 

Natural hazards such as poisonous plants, bites from poisonous or disease carrying animals or insects 

(e.g., snakes, ticks, mosquitoes) are often prevalent at sites that are being investigated as part of 

hazardous waste site operations.  To minimize the potential for site personnel to encounter these 

hazards, nesting areas in and about work areas will be avoided to the greatest extent possible.  Work 

areas will be inspected to look for any evidence that dangerous animals may be present.   

 

During warm months (spring through early fall), tick-borne Lyme Disease may pose a potential health 

hazard.  The longer a disease carrying tick remains attached to the body, the greater the potential for 

contracting the disease.  Wearing long sleeved shirts and long pants (tucked into boots and taped) will 

prevent initial tick attachment, while performing frequent body checks will help prevent long term 
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attachment.  Site first aid kits should be equipped with medical forceps and rubbing alcohol to assist in 

tick removal.  For information regarding tick removal procedures and symptoms of exposure, consult 

Section 4.0 of the Health and Safety Guidance Manual. 

 

West Nile Virus (WNV) and other mosquito-borne diseases may occur when an infected mosquito sucks 

blood from a person.  About one in 150 people infected with WNV will develop severe illness. Severe 

symptoms can include high fever, headache, neck stiffness, stupor, disorientation, coma, tremors, 

convulsions, muscle weakness, vision loss, numbness and paralysis. These symptoms may last several 

weeks, and neurological effects may be permanent.  Up to 20 percent of the people who become infected 

have symptoms such as fever, headache, and body aches, nausea, vomiting, and sometimes swollen 

lymph glands or a skin rash on the chest, stomach and back. Symptoms can last for as short as a few 

days, though even healthy people have become sick for several weeks.  Approximately 80 percent of 

people (about 4 out of 5) who are infected with WNV will not show any symptoms at all.  

 
Although no longer common in the United States, malaria may occur when a mosquito or other infected 

insect sucks blood from an infected person, and the insect becomes the carrier to infect other hosts.  The 

parasite reproduces within the mosquito, and is then passed on to another person through the biting 

action.  Acute symptoms include chills accompanied by fever and general flu-like symptoms.  This 

generally terminates in a sweating stage.  These symptoms may recur every 48 to 72 hours.  

 

Contact with poisonous plants and bites or stings from poisonous insects are other potential natural 

hazards.  Long sleeved shirts and long pants (tucked into boots), and avoiding potential nesting areas, 

will minimize the potential for exposure.  Additionally, insect repellents may be used by site personnel.  

Personnel who are allergic to stinging insects (such as bees, wasps and hornets) must be particularly 

careful since severe illness and death may result from allergic reactions.  As with any medical condition or 

allergy, information regarding the condition must be listed on the Medical Data Sheet (see Attachment II 

of this HASP), and the FOL or SSO notified. 

 

In general, avoidance of areas of known infestation or growth will be the preferred exposure control for 

insects/animals and poisonous plants.  Specific discussion on principle hazards of concern follows: 

 

6.3.1  Insect/Animal Bites and Stings 

Various insects and animals may be present and should be considered.  Areas to be investigated could 

be prime nesting and/or hiding locations for snakes and other insects.  Personnel should avoid reaching 

into areas that are not visibly clear of snakes or insects.  Snake chaps will be worn in areas of known or 

anticipated snake infestation.  Site personnel who are allergic to stinging insects such as bees, wasps, 

and hornets must be particularly careful since severe illness and death may result from allergic reactions.  
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As with any medical condition or allergy, information regarding the condition must be listed on the Medical 

Data Sheet and the FOL and SSO notified. 

 

6.3.2  Inclement Weather 

Project tasks under this SOW will be performed outdoors.  As a result, inclement weather may be 

encountered.  In the event that adverse weather conditions arise (electrical storms, hurricanes, etc.), the 

FOL and/or the SSO will be responsible for temporarily suspending or terminating activities until 

hazardous conditions no longer exist. 
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7.0   HAZARD MONITORING – TYPES AND ACTION LEVELS 

The primary COCs are not expected to be present in concentrations that could present an inhalation 

hazard according to previous data.  However, since there is limited prior data and there has not been a 

complete characterization of the site, a direct reading instrument will be used to monitor worker 

exposures to possible chemical hazard.  Either a Photoionization Detector (PID) with a lamp energy of 

10.6 eV or a Flame Ionization Detector (FID) may be used to monitor the air when conducting intrusive 

activities. 

 

In addition, workers will monitor for visible dust, and area wetting techniques will be used to suppress 

dust generation, if necessary. 

 

7.1  INSTRUMENTS AND USE  

Instruments will be used primarily to monitor source points and worker breathing zone areas, while 

observing instrument action levels.  The SSO shall obtain and document the daily background (BG) 

reading at an upwind, unaffected area and observe for readings above that BG level.  The SSO shall 

monitor source areas (e.g., monitoring wells) for the presence of any reading above the daily-established 

BG level.  If elevated readings are observed, the SSO shall monitor the workers breathing zone (BZ) 

areas with the PID/FID.  If the appropriate instrument Action Level is exceeded (see below), the following 

process will be followed: 

 

• The SSO shall order all personnel to stop work and retreat upwind to a safe, unaffected area, where 

they will remain until further directed by the SSO.   

 

• The SSO shall allow at least 5 minutes to pass so that the work area can ventilate, and will then re-

approach the work area while continuously monitoring the BZ areas.   

 

• Only when BG levels are regained in BZ areas will work be permitted to resume.   

 

• If BG levels are not regained, the SSO will contact the HSM for additional direction.   

 

Instrument Action Levels:  The use of either a PID or a FID will be acceptable with any reading above 

10 PPM in BZ areas for no more than three exposures of 5 minutes 
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7.2  INSTRUMENT MAINTENANCE AND CALIBRATION 

Hazard monitoring instruments will be maintained and pre-field calibrated by the equipment provider (i.e., 

rental agency used).  Operational checks and field calibration will be performed on site instruments each 

day prior to their use.  Field calibration will be performed on instruments according to manufacturer’s 

recommendations.  These operational checks and calibration efforts will be performed in a manner that 

complies with the employees health and safety training, the manufacturer's recommendations, and with 

the applicable manufacturer standard operating procedure (which the SSO must assure are included with 

the instrument upon its receipt onsite). Field calibration efforts must be documented.  Figure 7-1 is 

provided for documenting these calibration efforts.  This information may instead be recorded in a field 

operations logbook, provided that the information specified in Figure 7-1 is recorded. This required 

information includes the following: 

 

• Date calibration was performed 

• Individual calibrating the instrument  

• Instrument name, model, and serial number 

• Any relevant instrument settings and resultant readings (before and after) calibration 

• Identification of the calibration standard (lot no., source concentration, supplier) 

• Any relevant comments or remarks 

 

7.3  DOCUMENTING INSTRUMENT READINGS  

The SSO is responsible for ensuring that air monitoring instruments are used in accordance with the 

specifications of this HASP and with manufacturer’s specifications/recommendations.  In addition, the 

SSO is also responsible for ensuring that all instrument use is documented.  This requirement can be 

satisfied either by recording instrument readings on pre-printed sampling log sheets or in a field log book.  

This includes the requirement for documenting instrument readings that indicate no elevated 
readings above noted daily background levels (i.e., no-exposure readings).  At a minimum, the SSO 

must document the following information for each use of an air monitoring device:  

 

• Date, time, and duration of the reading 

• Site location where the reading was obtained 

• Instrument used (e.g., FID, PID, etc.) 

• Personnel present at the area where the reading was noted 

• Other conditions that are considered relevant to the SSO (such as weather conditions, possible 

instrument interferences, etc.) 
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FIGURE 7-1  
DOCUMENTATION OF FIELD CALIBRATION 
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8.0   TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS 

8.1  INTRODUCTORY/REFRESHER/SUPERVISORY TRAINING 

TtNUS and subcontractor personnel who will engage in field associated activities as described in this 

HASP must have: 

 

• Completed 40 hours of introductory hazardous waste site training or equivalent work experience as 

defined in OSHA Standard 29 CFR 1910.120(e). 

• Completed 8-Hour Refresher Training, if the identified persons had introductory training more than 

12 months prior to site work. 

• Completed 8-hour Supervisory training in accordance with 29 CFR 1910.120(e)(4), if their assigned 

function will involve the supervision of subordinate personnel. 

 

Documentation of introductory training or equivalent work experience, supervisory, and refresher training 

as well as site-specific training will be maintained at the site.  Copies of certificates or other official 

documentation will be used to fulfill this requirement. 

 

8.2  SITE-SPECIFIC TRAINING 

TtNUS will provide site-specific training to TtNUS employees and subcontractor personnel who will 

perform work on this project. 

 

Figure 8-1 will be used to document the provision and content of the project-specific and associated 

training.  Site personnel will be required to sign this form prior to commencement of site activities. 

 

TtNUS will conduct a pre-activities training session prior to initiating site work.  Additionally, a brief 

meeting will be held daily to discuss operations planned for that day.  At the end of the workday, a short 

meeting may be held to discuss the operations completed and any problems encountered.  This activity 

will be supported through the use of a Safe Work Permit System (See Section 10.4). 

 

8.3  MEDICAL SURVEILLANCE 

TtNUS and subcontractor personnel participating in project field activities will have had a physical 

examination.  Physical examinations shall meet the minimum requirements of paragraph (f) of OSHA 29 

CFR 1910.120.  The physical examinations will be performed to ensure that personnel are medically 

qualified to perform hazardous waste site work using respiratory protection. 
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Documentation for medical clearances will be maintained at the job site and made available, as 

necessary.  Subcontractor personnel may use an alternative documentation for this purpose.  The 

"Subcontractor Medical Approval Form" can be used to satisfy this requirement, or a letter from an officer 

of the company.  The letter should state that the persons listed in the letter participate in a medical 

surveillance program meeting the requirements contained in paragraph (f) of Title 29 of CFR Part 

1910.120, entitled "Hazardous Waste Operations and Emergency Response."  The letter should further 

state the following: 

 

• The persons listed have had physical examinations under this program within the frequency as 

determined sufficient by their occupational health care provider 

• Date of the exam  

• The persons identified have been cleared, by a licensed physician, to perform hazardous waste site 

work and to wear positive- and negative- pressure respiratory protection.   

 

A sample Subcontractor Medical Approval Form and form letter have been provided to eligible 

subcontractors in the Bid Specification package. 

 

8.3.1  Medical Data Sheets 

Each field team member, including subcontractors and visitors, entering the exclusion zone(s) shall be 

required to complete and submit a copy of the Medical Data Sheet that is available in Attachment II of this 

HASP.  This shall be provided to the SSO, prior to participating in site activities.  The purpose of this 

document is to provide site personnel and emergency responders with additional information that may be 

necessary in order to administer medical attention. 

 

8.4  SUBCONTRACTOR EXCEPTION 

If through the execution of their contract elements the subcontractor will not enter the exclusion zone and 

there is no potential for exposure to site contaminants, subcontractor personnel may be exempt from the 

training and medical surveillance requirements with the exception of Section 8.2.  Examples of 

subcontractors who may qualify as exempt from training and medical surveillance requirements may 

include surveyors who perform surveying activities in site perimeter areas or areas were there is no 

potential for exposure to site contaminants and support or restoration services.  Use of this Subcontractor 

Exception is strictly limited to the authority of the CLEAN HSM. 
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FIGURE 8-1 
SITE-SPECIFIC TRAINING DOCUMENTATION 

 

My signature below indicates that I am aware of the potential hazardous nature of performing field 
investigation activities at Naval Station Great Lakes, Illinois, and that I have received site-specific training 
that included the elements presented below: 
 
• Names of designated personnel and alternates responsible for site safety and health  
• Safety, health, and other hazards present on site  
• Use of personal protective equipment  
• Safe use of engineering controls and equipment  
• Medical surveillance requirements  
• Signs and symptoms of overexposure  
• Contents of the Health and Safety Plan 
• Emergency response procedures (evacuation and assembly points) 
• Incipient response procedures  
• Review of the contents of relevant Material Safety Data Sheets 
• Review of the use of Safe Work Permits 
• Stop Work Authorization and Process 
 
I have been given the opportunity to ask questions and that my questions have been answered to my 
satisfaction.  The dates of my training and medical surveillance requirements indicated below are 
accurate. 

Name 
(Printed and Signature) 

Site-
Specific 
Training 

Date 

40-Hour 
Training 

(Date) 

8-Hour 
Refresher 
Training 

(Date) 

8-Hour 
Supervisory 

Training 
(Date) 

Medical 
Exam 
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9.0   SPILL PREVENTION AND CONTAINMENT PROGRAM 

9.1 SCOPE AND APPLICATION 

It is anticipated that quantities of bulk potentially hazardous materials (greater than 55-gallons) will not be 

handled during the site activities.  It is possible, however, that as the job progresses disposable PPE and 

other non-reusable items may be generated.  As needed, 55-gallon drums will be used to contain 

unwanted items generated during sampling activities.  The drum(s) will be labeled with the site name and 

address, the type of contents, and the date the container was filled as well as an identified contact 

person.  As warranted, samples will be collected and analyzed to characterize the material and determine 

appropriate disposal measures.  Once characterized the drum(s) will be removed from the staging area 

and disposed of in accordance with Federal, State and local regulations.  Given the likely solid nature of 

drum contents, a comprehensive Spill Containment Program is not necessary.  The following discussion 

is provided as contingency information only. 

 

9.2  POTENTIAL SPILL AREAS 

Potential spill areas will be periodically monitored in an ongoing attempt to prevent and control further 

potential contamination of the environment.  Currently, limited areas are vulnerable to this hazard 

including: 

 

• Resource deployment 

• Waste transfer 

• Central staging 

 

It is anticipated that the IDW generated as a result of this SOW will be containerized, labeled, and staged 

to await further analyses.  The results of these analyses will determine the method of disposal. 

 

9.3  LEAK AND SPILL DETECTION 

To establish an early detection of potential spills or leaks, periodic inspections by the SSO will be 

conducted during working hours to visually determine that containers are not leaking.  If a leak is 

detected, the first approach will be to transfer the container contents using a hand pump into a new 

container.  Other provisions for the transfer of container contents will be made and appropriate 

emergency contacts will be notified, if necessary.  In most instances, leaks will be collected and contained 

using absorbents such as Oil-dry, vermiculite, and/or sand, which may be stored at the staging area in a 

conspicuously marked drum.  This material too, will be containerized for disposal pending analyses.  

Inspections will be documented in the Project Logbook. 
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9.4  PERSONNEL TRAINING AND SPILL PREVENTION 

Site personnel will be instructed on the procedures for spill prevention, containment, and collection of 

hazardous materials in the site-specific training.  The FOL and/or the SSO will serve as the Spill 

Response Coordinator for this operation should the need arise.  

 

9.5  SPILL PREVENTION AND CONTAINMENT EQUIPMENT 

The following represents the types of equipment that may be maintained at the staging area for the 

purpose of supporting this Spill Containment Program (depending on the likelihood that drums and/or 

liquid wastes are generated): 

 

• Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry); 

• Drums (55-gallon U.S. Department of Transportation [DOT] 1A1 or 1A2) 

• Shovels, rakes, and brooms 

• Labels 

 

9.6  SPILL CONTROL PLAN 

This section describes the procedures the TtNUS field crewmembers will employ upon the detection of a 

spill or leak. 

 

• Notify the SSO or FOL immediately. 

 

• Take immediate actions to stop the leak or spill by plugging or patching the drum or raising the leak to 

the highest point.  Avoid contacting drum contents.  Spread the absorbent material in the area of the 

spill covering completely. 

 

It is not anticipated that a spill will occur in which the field crews cannot handle.  Should this occur; 

however, the FOL or SSO will notify appropriate emergency response agencies. 
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10.0   SITE OPERATIONS AND CONTROL 

This section outlines how TtNUS will delineate work zones and use these work zones to prevent the 

spread of contaminants.  A three-zone approach will be used during work at this site.  This three zone 

approach will utilize an exclusion zone, a contamination reduction zone, and a support zone.  It is also 

anticipated that this control measure will be used to control access to site work areas.  Use of such 

controls will restrict the general public, minimize the potential for the spread of contaminants, and protect 

individuals who are not cleared to enter work areas. 

 

10.1  EXCLUSION ZONE 

The exclusion zone will be considered the areas of the site of known or suspected contamination. It is 

anticipated that the areas around intrusive field activities will have the potential for contaminants to be 

brought to the surface.  These areas will be marked and personnel will maintain safe distances.  Once 

intrusive field activities have been completed and any surface contamination has been removed, the 

potential for exposure is again diminished and the area can then be reclassified as part of the 

contamination reduction zone.  Therefore, the exclusion zones for this project will be limited to those 

areas of the site where intrusive field activities are being performed plus a designated area of at least the 

height of the mast plus 25 feet.  Exclusion zones will be delineated as deemed appropriate by the FOL, 

through means such as erecting visibility fencing, barrier tape, cones, and/or postings to inform and direct 

personnel. 

 

A pre-startup site visit will be conducted by members of the identified field team in an effort to identify 

proposed subsurface investigation locations, conduct utility clearances, and provide upfront notices 

concerning scheduled activities within the facility. 

 

Subsurface activities will proceed only when utility clearance has been obtained.  In the event that a utility 

is struck during a subsurface investigative activity, the emergency numbers provided in Section 2.0, 

Table 2-1, will be notified. 

 

10.2  CONTAMINATION REDUCTION ZONE 

The contamination reduction zone (CRZ) will be a buffer area between the exclusion zone and any area 

of the site where contamination is not suspected.  This area will also serve as a focal point in supporting 

exclusion zone activities. This area will be delineated using barrier tape, cones, and postings to inform 

and direct facility personnel.  Decontamination will be conducted at a central location. Equipment 

potentially contaminated will be bagged and taken to that location for decontamination.   
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10.3  SUPPORT ZONE 

The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained.  The support zones will be 

established at areas of the site where exposure to site contaminants would not be expected during 

normal working conditions or foreseeable emergencies. 

 

10.4  SAFE WORK PERMITS 

Work conducted in support of this project will be performed using SWPs to guide and direct field crews on 

a task by task basis.  An example of the SWP to be used is provided in Figure 10-1.  Partially completed 

SWPs for the work to be performed are attached (Attachment IV) to this HASP.  These permits were 

completed to the extent possible as part of the development of this HASP.  It is the SSO's responsibility to 

finalize and complete all blank portions of the SWPs based on current, existing conditions the day the 

task is to be performed, and then review that completed permit with all task participants as part of a pre-

task tail gate briefing session.  This will ensure that site-specific considerations and changing conditions 

are appropriately incorporated into the SWP, provide the SSO with a structured format for conducting the 

tail gate sessions, as well will also give personnel an opportunity to ask questions and make suggestions.  

All SWPs require the signature of the FOL or SSO. 

 

Personnel identified on the permit as participating in the task will be made aware of its contents by the 

supervisor accepting the permit.  Any problems which occurred throughout the task will be documented 

by the supervisor on the permit. 

 

Permits will be returned to the FOL or the SSO at the end of the day. 

 

 



❑ ❑
❑ ❑ 

❑ ❑ 	 ❑ 
❑ ❑ 	 ❑ 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

❑
❑

❑
❑

❑
❑

❑
❑

❑
❑

 

O 
O 
O 
o 
o 
o 
o 
O 
O 
O ❑ ❑

❑
❑

❑
❑

❑
❑

❑
❑

 

❑ ❑ ❑ 
❑ ❑ ❑ 
❑ ❑ ❑ 
❑ ❑ ❑ 

  Revision 0 
  November 2009 
 

Naval Station Great Lakes 10-3 CTO F27A 

 
FIGURE 10-1 

SAFE WORK PERMIT 

Permit No.    Date:        Time:  From        to       
 
 
 I. Work limited to the following (description, area, equipment used):        

              
 II.  Primary Hazards:           

              
 III. Field Crew:     
 IV. On-site Inspection conducted      Yes     No  Initials of Inspector  TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector  TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:         

        
         

 
 VI. Chemicals of Concern Hazard Monitoring   Action Level(s) Response Measures 
              
              
              
 

 Primary Route(s) of Exposure/Hazard:     
       
        

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)    
 VII. Additional Safety Equipment/Procedures  
  Hard-hat ..........................................  Yes   No Hearing Protection (Plugs/Muffs) .......  Yes   No 
  Safety Glasses  ...............................  Yes   No Safety belt/harness ............................  Yes   No 
  Chemical/splash goggles.................  Yes   No Radio/Cellular Phone ........................  Yes   No 
  Splash Shield ..................................  Yes   No Barricades .........................................  Yes   No 
  Splash suits/coveralls ......................  Yes   No Gloves (Type – Work ) ......................  Yes   No 
  Impermeable apron .........................  Yes   No Work/rest regimen .............................  Yes   No 
  Steel toe work shoes or boots ......... Yes    No Chemical Resistant Boot Covers  .....  Yes   No 

 High Visibility vest ........................... Yes    No Tape up/use insect repellent  ............  Yes   No 
 First Aid Kit ...................................... Yes    No Fire Extinguisher ...............................  Yes   No 
 Safety Shower/Eyewash.................. Yes    No Other .................................................  Yes   No 

  Modifications/Exceptions:         
 
 
 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed .........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place ......    
  Physical Hazards Identified and Isolated (Splash and containment barriers) ......................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). .................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 
 X. Special instructions, precautions:   

     
 
 
Permit Issued by:     Permit Accepted by:  
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10.5  SITE VISITORS 

Potential site visitors that may be encountered during the performance of the field work could include the 

following: 

 

• Personnel invited to observe or participate in operations by TtNUS. 

• Regulatory personnel (i.e., Department of Defense [DOD], Illinois Environmental Protection Agency 

[IL EPA], U.S. EPA, OSHA, etc.) 

• Navy personnel 

• Other authorized visitors 

 

Non-DOD personnel working on this project are required to gain initial access to the base by coordinating 

with the TtNUS PM or designee and following established base access procedures. 

 

Once access to the base is obtained, personnel who require access to TtNUS work sites (areas of 

ongoing operations) will be required to obtain permission from the FOL and the Base Contact.  Upon 

gaining access to the work site, site visitors wishing to observe operations in progress will be required to 

meet the minimum requirements as stipulated below. 

 

• Site visitors will be routed to the FOL, who will sign them into the field logbook.  Information to be 

recorded in the logbook will include the individuals name (proper identification required), who they 

represent, and the purpose for the visit.  The FOL is responsible for ensuring that site visitors are 

always escorted while on site. 

 

• Site visitors will be required to produce the necessary information supporting clearance on to the site.  

This includes information attesting to applicable training (40-hours of HAZWOPER training required 

for Navy Personnel), and medical surveillance as stipulated in Section 8.3, of this document.  In 

addition, to enter the sites operational zones during planned activities, visitors will be required to first 

go through site-specific training covering the topics stipulated in Section 8.2 of this HASP. 

 

Once the site visitors have completed the above items they will be permitted to enter the site and 

applicable operational areas.  Visitors are required to observe the protective equipment and site 

restrictions in effect at the work areas visited.  Any visitors not meeting the requirements as stipulated in 

this plan for site clearance will not be permitted to enter the site operational zones during planned 

activities.  Any incidence of unauthorized site visitation will cause on-site activities to be terminated until 

that visitor can be removed.  Removal of unauthorized visitors will be accomplished with support form the 

Base Contact, if necessary.  At a minimum, the Base Contact will be notified of any unauthorized visitors. 
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10.6  SITE SECURITY 

Site security will be accomplished using TtNUS field personnel.  Security at this site will take place at the 

work site.  Visitors and other parties will be referred to the FOL and Base Contact. 

 

Security at the work areas will be accomplished using field personnel.  This is a multiple person 

operation, involving multiple operational zones.  TtNUS personnel will retain complete control over active 

operational zones.  The Base Contact will serve as the focal point for base personnel and interested 

parties and will serve as the primary enforcement contact.  

 

10.7  BUDDY SYSTEM 

Personnel engaged in site activities will practice the "buddy system" to ensure the safety of the personnel 

involved in this operation. 

 

10.8  MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS 

TtNUS and subcontractor personnel will provide MSDSs for the chemicals brought on site.  The contents 

of these documents will be reviewed by the SSO with the user(s) of the chemical substances prior to any 

actual use or application of the substances on site.  A chemical inventory of the chemicals used on site 

will be developed using the Health and Safety Guidance Manual.  The MSDSs will then be maintained in 

a central location (i.e., temporary office) and will be available for anyone to review upon request. 

 

10.9  COMMUNICATION 

As personnel will be working in proximity to one another during field activities, a supported means of 

communication between field crew members will not be necessary.  

 

External communication will be accomplished by using the telephones at predetermined and approved 

locations.  External communication will primarily be used for the purpose of resource and emergency 

resource communications.  Prior to the commencement of activities at the Naval Station Great Lakes, the 

FOL will determine and arrange for telephone communications. 
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11.0   CONFINED SPACE ENTRY  

It is not anticipated, under the proposed SOW, that confined space and permit-required confined space 

activities will be conducted.  Therefore, personnel under the provisions of this HASP are not 
allowed, under any circumstances, to enter confined spaces.  A confined space is defined as an area 

which has the following characteristics:   

 

• Is large enough and so configured that an employee can bodily enter and perform assigned work. 

 

• Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins, 

hoppers, vaults, and pits are spaces that may have limited means of entry). 

 

• Is not designed for continuous employee occupancy. 

 

A Permit-Required Confined Space is one that: 

 

• Contains or has a potential to contain a hazardous atmosphere. 

 

• Contains a material that has the potential to engulf an entrant. 

 

• Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly 

converging walls or by a floor which slopes downward and tapers to a smaller cross-section. 

 

• Contains any other recognized, serious, safety or health hazard.   

 

For further information on confined space, consult the Health and Safety Guidance Manual or call the 

PHSO.  If confined space operations are to be performed as part of the scope of work, detailed 

procedures and training requirements will have to be addressed, and the HSM will have to be notified. 
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12.0   MATERIALS AND DOCUMENTATION  

The TtNUS Field Operations Leader (FOL) shall ensure the following materials/documents are taken to 

the project site and used when required. 

 

• A complete copy of this HASP 

• Health and Safety Guidance Manual  

• Incident Reports 

• Medical Data Sheets 

• Material Safety Data Sheets for chemicals brought on site, including decontamination solutions, fuels, 

sample preservatives, calibration gases, etc. 

• A full-size OSHA Job Safety and Health Poster (posted in the site trailer) 

• Training/Medical Surveillance Documentation Form (Blank) 

• First-Aid Supply Usage Form 

• Emergency Reference Form (Section 2.0, extra copy for posting) 

• Directions to the Hospital 

 

12.1  MATERIALS TO BE POSTED OR MAINTAINED AT THE SITE 

The following documentation is to be posted or maintained at the site for quick reference purposes.  In 

situations where posting these documents is not feasible, (such as no office trailer), these documents 

should be separated and immediately accessible. 

 

Chemical Inventory Listing (posted) - This list represents the chemicals brought on-site, including 

decontamination solutions, sample preservations, fuel, etc..  This list should be posted in a central area. 

 

Material Safety Data Sheets (MSDS) (maintained) - The MSDSs should also be in a central area 

accessible to the site personnel.  These documents should match the listings on the chemical inventory 

list for the substances employed on-site.  It is acceptable to have these documents within a central folder 

and the chemical inventory as the table of contents. 

 

The OSHA Job Safety & Health Protection Poster (posted) - this poster, as directed by 29 CFR 1903.2 

(a)(1), should be conspicuously posted in places where notices to employees are normally posted.  Each 

FOL shall ensure that this poster is not defaces, altered, or covered by other material. 

 

Site Clearance (maintained) - This list is found within the training section of the HASP (See Figure 8-2).  

It identifies site personnel, dates of training (including site-specific training), and medical surveillance.  It 
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also indicates clearance as well as status.  If personnel do not meet these requirements, they do not 

enter the site while site personnel are engaged in activities. 

 

Emergency Phone Numbers and Directions to the Hospital(s) (posted) - This list of numbers and 

directions will be maintained at the phone communications points and in each site vehicle. 

 

Medical Data Sheets/Cards (maintained) - Medical Data Sheets will be filled out by on-site personnel 

and filed in a central location.  The Medical Data Sheet will accompany any injury or illness requiring 

medical attention to the medical facility.   

 

Hearing Conservation Standard (29 CFR 1910.95) (posted) - this standard will be posted anytime 

hearing protection or other noise abatement procedures are employed. 

 

Personnel Monitoring (maintained) - The results generated through personnel sampling (levels of 

airborne toxins, noise levels, etc.) will be posted to inform individuals of the results of that effort. 

 

Placards and Labels (maintained) - Where chemical inventories have been separated because of 

quantities and incompatibilities, these areas will be conspicuously marked using DOT placards and 

acceptable (Hazard Communication 29 CFR 1910.1200(f)) labels. 

 

The purpose of maintaining or posting this information, as stated above, is to allow site personnel quick 

access.  Variations concerning location and methods of presentation are acceptable, providing the 

objection is accomplished. 
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13.0   ACRONYMS / ABBREVIATIONS 

BG Background 

BZ Breathing Zone 

C Centigrade 

CFR Code of Federal Regulations 

CIH Certified Industrial Hygienist 

CLEAN Comprehensive Long Term Environmental Action Navy 

COC Contaminant of Concern 

CRZ Contamination Reduction Zone 

CSP Certified Safety Professional 

dBA Decibel 

DOD Department of Defense 

DOT Department of Transportation 

DPT Direct Push Technology 

DRI Direct Reading Instrument 

EPA Environmental Protection Agency 

eV Electron Volts 

FID Flame Ionization Detector 

FOL Field Operations Leader 

HASP Health and Safety Plan 

HAZWOPER Hazardous Waste Operations and Emergency Response 

HI Hazard Index 

HSA Hollow-stem Auger 

HSM Health and Safety Manager 

IAS Initial Assessment Study 

IDW Investigation Derived Waste 

IL EPA Illinois Environmental Protection Agency 

LEL/LFL Lower Explosive Limits / Lower Flammable Limits 

mg/kg milligrams per kilogram 

MSDS Material Safety Data Sheet 

NIOSH National Institute for Occupational Safety and Health 

OOD Officer of the Day 

OSHA Occupational Safety and Health Administration (U.S. Department of Labor) 

PAH Polynuclear Aromatic Hydrocarbon 

PCB Polychlorinated biphenyls 

PID Photo Ionization Detector 
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PHSO Project Health and Safety Officer 

PM Project Manager 

PPE Personal Protective Equipment 

RI Remedial Investigation 

SOW Scope of Work 

SSO Site Safety Officer 

SVOCs Semi-volatile Organic Compounds 

SWP Safe Work Permit 

TBD To be determined 

TCL Target Compound List 

TtNUS Tetra Tech NUS 

US EPA United States Environmental Protection Agency 

WP Work Plan 

 



 

 

ATTACHMENT I  
INCIDENT REPORT FORM  



TETRA TECH, INC. 

safety Ex` 

TETRA TECH, INC. 
INCIDENT REPORT 

 

 

Report Date Report Prepared By Incident Report Number 
   

INSTRUCTIONS:  
 

All incidents (including those involving subcontractors under direct supervision of Tetra Tech 
personnel) must be documented on the IR Form. 

 

Complete any additional parts to this form as indicated below for the type of incident selected. 

TYPE OF INCIDENT (Check all that apply) Additional Form(s) Required for this type of incident 
Near Miss (No losses, but could have resulted in injury, illness, or 
damage)  Complete IR Form Only 

Injury or Illness   Complete Form IR-A; Injury or Illness 

Property or Equipment Damage, Fire, Spill or Release  Complete Form IR-B; Damage, Fire, Spill or 
Release 

Motor Vehicle   Complete Form IR-C; Motor Vehicle 

INFORMATION ABOUT THE INCIDENT 
Description of Incident 
 
              
 
              
 
              
 

Date of Incident Time of Incident 

    AM  PM  OR Cannot be determined    

Weather conditions at the time of the incident Was there adequate lighting?    

                                                                 Yes     No      
Location of Incident 

             Was location of incident within the employer’s work environment? Yes     No     
Street Address City, State, Zip Code and Country 

  

Project Name Client: 

  

Tt Supervisor or Project Manager Was supervisor on the scene?   

     Yes     No      

WITNESS INFORMATION (attach additional sheets if necessary) 
Name Company 

  

Street Address City, State and Zip Code 

  

Telephone Number(s) 

 



TETRA TECH, INC. 

safety Ex`' 

TETRA TECH, INC. 
INCIDENT REPORT 

 

 

CORRECTIVE ACTIONS 
Corrective action(s) immediately taken by unit reporting the incident: 
 
              
 
              
 
              
 

Corrective action(s) still to be taken (by whom and when): 
 
              
 
              
 
              
 

ROOT CAUSE ANALYSIS LEVEL REQUIRED 

Root Cause Analysis Level Required:   Level - 1     Level - 2      None   

Root Cause Analysis Level Definitions 

Level - 1 

 

Definition: A Level 1 RCA is conducted by an individual(s) with experience or training in root cause analysis 
techniques and will conduct or direct documentation reviews, site investigation, witness and affected employee 
interviews, and identify corrective actions.  Activating a Level 1 RCA and identifying RCA team members will be at 
the discretion of the Corporate Administration office.  
 

The following events may trigger a Level 1 RCA: 
 Work related fatality 
 Hospitalization of one or more employee where injuries result in total or partial permanent disability  
 Property damage in excess of $75,000 
 When requested by senior management  

 

Level - 2 

 

Definition: A Level 2 RCA is self performed within the operating unit by supervisory personnel with assistance of 
the operating unit HSR.  Level 2 RCA will utilize the 5 Why RCA methodology and document the findings on the 
tools provided.  
 

The following events will require a Level 2 RCA: 
 OSHA recordable lost time incident   
 Near miss incident that could have triggered a Level 1 RCA 
 When requested by senior management 

 

Complete the Root Cause Analysis Worksheet and Corrective Action form. Identify a corrective action(s) for each root cause 
identified within each area of inquiry.   

NOTIFICATIONS 
Title Printed Name Signature Telephone 

Number Date 

Project Manager or Supervisor     

Site Safety Coordinator or Office H&S 
Representative     

Operating Unit H&S Representative     

Other:  __________________________      

 

The signatures provided above indicate that appropriate personnel have been notified of the incident. 



❑ ❑ ❑ ❑ 	 ❑ 

❑ ❑ 

❑ ❑ 

❑ ❑ 
❑ ❑ 
❑ ❑ 
❑ ❑ 
❑ ❑ 

❑ ❑ 

❑ ❑ 

 

 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving injury or illness.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

EMPLOYEE INFORMATION 
Company Affiliation 

Tetra Tech Employee?       TetraTech subcontractor employee (directly supervised by Tt personnel)?      

Full Name Company (if not Tt employee) 

  

Street Address, City, State and Zip Code Address Type 
 
 ________________________________________________  
 
 ________________________________________________  
 

Home address (for Tt employees)         
 
Business address (for subcontractors)         

Telephone Numbers 

Work:      Home:      Cell:      

Occupation (regular job title) Department 

  

Was the individual performing regular job duties? Time individual began work 

    Yes     No         AM     PM    OR   Cannot be determined    

Safety equipment 
 
Provided?    Yes     No     
 
Used?   Yes     No     If no, explain why 
 
       
 
       
 
       
 

 

Type(s) provided:   Hard hat      Protective clothing 
 

    Gloves      High visibility vest 
 

    Eye protection      Fall protection 
 

    Safety shoes      Machine guarding 
 

    Respirator      Other (list) 
 
        
 

NOTIFICATIONS 
Name of Tt employee to whom the injury or illness was first 
reported Was H&S notified within one hour of injury or illness? 

     Yes     No      

Date of report H&S Personnel Notified 

  

Time of report Time of Report 

  

If subcontractor injury, did subcontractor’s firm perform their own incident investigation? 

Yes     No     If yes, request a copy of their completed investigation form/report and attach it to this report. 



❑ ❑

❑ ❑ 

❑ ❑ 
❑ ❑ 

 

 

 

INJURY / ILLNESS DETAILS 
What was the individual doing just before the incident occurred? Describe the activity as well as the tools, equipment, or material the 
individual was using. Be specific. Examples: “Climbing a ladder while carrying roofing materials”; “Spraying chlorine from a hand sprayer”; 
“Daily computer key-entry” 
 
              
 
              
 
              
 

What Happened? Describe how the injury occurred. Examples: “When ladder slipped on wet floor and worker fell 20 feet”; “Worker was 
sprayed with chlorine when gasket broke during replacement”; Worker developed soreness in wrist over time” 

 
              
 
              
 
              
 
              
 

Describe the object or substance that directly harmed the individual: Examples: “Concrete floor”; “Chlorine”; “Radial Arm Saw”. If this 
question does not apply to the incident, write “Not Applicable”. 

 
              
 
              
 

MEDICAL CARE PROVIDED 
 

Was first aid provided at the site:   Yes       No     If yes, describe the type of first aid administered and by whom? 
 
              
 
 

Was treatment provided away from the site:   Yes       No     If yes, provide the information below. 
 

Name of physician or health care professional Facility Name 

  

Street Address, City State and Zip Code Type of Care? 
 
 ________________________________________________  
 
 ________________________________________________  
 

Was individual treated in emergency room?              Yes      No     
 

Was individual hospitalized overnight as an in-patient? Yes   No     
  

Did the individual die?      Yes      No      If yes, date:    
 

Will a worker’s compensation claim be filed?            Yes      No    

Telephone Number 

 

NOTE: Attach any police reports or related diagrams to this report. 

SIGNATURES 
I have reviewed this report and agree that all the supplied information is accurate 

Affected individual (print) Affected individual (signature) Telephone Number Date 

    

 

This form contains information relating to employee health and must be used in a manner that protects the confidentiality 

of the employee to the extent possible while the information is being used for occupational safety and health purposes. 



❑ ❑ ❑ 

❑ ❑ 

❑ ❑ 
❑ ❑ 
❑ ❑ 

❑ ❑ ❑ 

❑ ❑ 

 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving property/equipment damage, fire, spill or release.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

TYPE OF INCIDENT (Check all that apply) 

Property Damage    Equipment Damage      Fire or Explosion      Spill or Release      

INCIDENT DETAILS 
Results of Incident: Fully describe damages, losses, etc. 

 
              
 
              
 
              
 

Response Actions Taken: 
 
              
 
              
 
              
 

Responding Agency(s) (i.e. police, fire department, etc.) Agency(s) Contact Name(s) 

  

DAMAGED ITEMS (List all damaged items, extent of damage and estimated repair cost) 
Item: Extent of damage: Estimated repair cost 

   

   

   

SPILLS / RELEASES (Provide information for spilled/released materials) 
Substance Estimated quantity and duration Specify Reportable Quantity (RQ) 

       Exceeded?  Yes     No     NA   

FIRES / EXPLOSIONS (Provide information related to fires/explosions) 

Fire fighting equipment used?   Yes     No     If yes, type of equipment:          

NOTIFICATIONS 
Required notifications Name of person notified By whom Date / Time 

Client:    Yes     No       

Agency:   Yes     No       

Other:   Yes     No       

Who is responsible for reporting incident to outside agency(s)?      Tt     Client    Other    Name:   

Was an additional written report on this incident generated?      Yes     No     If yes, place in project file. 

 



❑ ❑ 

❑ ❑ ❑ ❑ 

 

 

 
 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving motor vehicle accidents.  Do NOT leave any blanks. 
Attach this form to the IR FORM completed for this incident. 

 

Incident Report Number: (From the IR Form)  

INCIDENT DETAILS 
Name of road, street, highway or location where accident 
occurred Name of intersecting road, street or highway if applicable 

  

County City  State 

   

Did police respond to the accident? Did ambulance respond to the accident? 

    Yes     No          Yes     No      

Name and location of responding police department Ambulance company name and location 

 
 Officer’s name/badge 

#  

Did police complete an incident report? Yes     No       If yes, police report number:                             
Request a copy of completed investigation report and attach to this form. 

VEHICLE INFORMATION 
How many vehicles were involved in the accident?      (Attach additional sheets as applicable for accidents involving more 
than 2 vehicles.) 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Vehicle Owner / 
Contact 
Information 

 
Vehicle Owner / 
Contact 
Information  

 

Color  Color  

Make  Make  

Model  Model  

Year  Year  

License Plate #  License Plate #  

Identification #  Identification #  

Describe damage to vehicle number 1 Describe damage to vehicle number 2 

  

Insurance Company Name and Address Insurance Company Name and Address 

  

Agent Name  Agent Name  

Agent Phone No.  Agent Phone No.  

Policy Number  Policy Number  



. 	. . 	. 
._.I ._.. 

.. 

.. 

 

 

 

DRIVER INFORMATION 
Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Driver’s Name  Driver’s Name  

Driver’s Address  Driver’s Address  

Phone Number  Phone Number  

Date of Birth  Date of Birth  

Driver’s License #  Driver’s License #  

Licensing State  Licensing State  

Gender Male     Female      Gender Male     Female      

Was traffic citation issued to Tetra Tech driver?    Yes     No    Was traffic citation issued to driver of other vehicle? Yes  No   
Citation #  Citation #  

Citation 
Description  Citation 

Description  

PASSENGERS IN VEHICLES (NON-INJURED) 
List all non-injured passengers (excluding driver) in each vehicle. 

Driver information is captured in the preceding section. 
Information related to persons injured in the accident (non-Tt employees) is captured in the section below on this form. 

Injured Tt employee information is captured on FORM IR-A 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

How many passengers (excluding driver) in the vehicle?      How many passengers (excluding driver) in the vehicle?      

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

INJURIES TO NON-TETRATECH EMPLOYEES 
Name of injured person 1 Address of injured person 1 

  

Age Gender Car No. Location in Car Seat Belt Used? Ejected from car? Injury or Fatality? 

 Male     Female       Yes     No      Yes     No      Injured     Died     

Name of injured person 2 Address of injured person 2 

  

Age Gender Car No. Location in Car Seat Belt Used? Ejected from car? Injury or Fatality? 

 Male     Female       Yes     No      Yes     No      Injured     Died     

OTHER PROPERTY DAMAGE 
Describe damage to property other than motor vehicles 

 

Property Owner’s Name Property Owner’s Address 

  

 



 

 

 

COMPLETE AND SUBMIT DIAGRAM DEPICTING WHAT HAPPENED 

 

 



 

 

ATTACHMENT II  
MEDICAL DATA SHEET 



 

 

MEDICAL DATA SHEET 
 
This Medical Data Sheet must be completed by on-site personnel and kept in the command post during 
the conduct of site operations.  This data sheet will accompany any personnel when medical assistance is 
needed or if transport to hospital facilities is required. 
 
Project              

Name        Home Telephone    

Address             

Age     Height         Weight        

Person to notify in the event of an emergency: Name:         

       Phone:         

Drug or other Allergies:             

 

Particular Sensitivities :           

 

Do You Wear Contacts?           

 

What medications are you presently using?         

               

 

Name, Address, and Phone Number of personal physician:       

               

               

 

 

Note:  Health Insurance Portability and Accountability Act (HIPAA) Requirements  
 
HIPAA took effect April 14, 2003. Loosely interpreted, HIPAA regulates the disclosure of Protected Health 
Information (PHI) by the entity collecting that information. PHI is any information about health status (such 
as that you may report on this Medical Data Sheet), provision of health care, or other information. HIPAA 
also requires TtNUS to ensure the confidentiality of PHI. This Act can affect the ability of the Medical Data 
Sheet to contain and convey information you would want a Doctor to know if you were incapacitated. So 
before you complete the Medical Data Sheet understand that this form will not be maintained in a secure 
location. It will be maintained in a file box or binder accessible to other members of the field crew so that 
the can accompany an injured party to the hospital. 
 
DO NOT include information that you do not wish others to know, only information that may be pertinent 
in an emergency situation or treatment. 
 

 

               
Name (Print clearly)    Signature     Date 



 

 

 

ATTACHMENT III 
EQUIPMENT INSPECTION CHECKLIST 

FOR DPT/HSA RIGS



❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

 

 

Equipment Inspection Checklist for HSA/DPT Rigs 
 
Company:         Unit/Serial No#:       
 
Inspection Date:       /      /      Time:  :  Equipment Type:       
         (e.g, Drill Rigs Hollow Stem, Mud Rotary, Direct Push, HDD, MIP)  
Project Name:        Project No#:        
 

Yes No NA Requirement Comments 
 
 
 

 
 

 

 
 
 

 
 

 

 
 
 

 
 

 

Emergency Stop Devices 
• Emergency Stop Devices (At points of operation) 
• Have all emergency shut offs identified been communicated to the 

field crew? 
• Has a person been designated as the Emergency Stop Device 

Operator?

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

Highway Use 
• Cab, mirrors, safety glass? 
• Turn signals, lights, brake lights, etc. (front/rear) for equipment 

approved for highway use? 
• Seat Belts? 
• Is the equipment equipped with audible back-up alarms and back-

up lights? 
• Horn and gauges 
• Brake condition (dynamic, park, etc.) 
• Tires (Tread) or tracks 
• Windshield wipers 
• Exhaust system 
• Steering (standard and emergency) 
• Wheel Chocks? 
• Are tools and material secured to prevent movement during 

transport?  Especially those within the cab? 
• Are there flammables or solvents or other prohibited substances 

stored within the cab? 
• Are tools or debris in the cab that may adversely influence 

operation of the vehicle (in and around brakes, clutch, gas pedals) 

 



H I I 

❑
❑

❑
❑

❑
❑

 

❑
❑

❑
❑

❑
❑

 

❑
❑

❑
❑

❑
❑

 

❑
❑

❑
❑

 ❑
 ❑

❑
 

 

 

Yes No NA Requirement Comments 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fluid Levels: 
• Engine oil 
• Transmission fluid 
• Brake fluid 
• Cooling system fluid 
• Hoses and belts 
• Hydraulic oil 

 

 
 
 
 

 
 
 
 

 
 
 
 

High Pressure Hydraulic Lines 
• Obvious damage 
• Operator protected from accidental release 
• Coupling devices, connectors, retention cables/pins are in good 

condition and in place 

 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

Mast Condition 
• Structural components/tubing 
• Connection points 
• Pins 
• Welds 
• Outriggers 
• Operational 
• Plumb (when raised) 

 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

Hooks 
• Are the hooks equipped with Safety Latches? 
• Does it appear that the hook is showing signs of wear in excess of 

10% original dimension? 
• Is there a bend or twist exceeding 10% from the plane of an 

unbent hook? 
• Increase in throat opening exceeding 15% from new condition 
• Excessive nicks and/or gouges 
• Clips 
• Number of U-Type (Crosby) Clips 

(cable size 5/16 – 5/8 = 3 clips minimum) 
(cable size 3/4 – 1 inch = 4 clips minimum) 
(cable size 1 1/8 – 1 3/8 inch = 5 clips minimum) 

 



 

 

Yes No NA Requirement Comments 
 
 

 
 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

Power cable and/or hoist cable 
• Reduction in Rope diameter π 

(5/16 wire rope>1/64 reduction nominal size -replace) 
(3/8 to 1/2 wire rope>1/32 reduction nominal size-replace) 
(9/16 to 3/4 wire rope>3/64 reduction nominal size-replace) 

• Number of broken wires  
(6 randomly broken wires in one rope lay) 
(3 broken wires in one strand) 

• Number of wire rope wraps left on the Running Drum at nominal 
use (>3 required) 
- Lead (primary) sheave is centered on the running drum 

• Lubrication of wire rope (adequate?) 
• Kinks, bends – Flattened to > 50% diameter 

 

 
 

 
 

 
 

 
 

 
 

 
 

Hemp/Fiber rope (Cathead/Split Spoon Hammer) 
• Minimum ¾; maximum 1 inch rope diameter (Inspect for 

physical damage) 
• Rope to hammer is securely fastened 

 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

Safety Guards –  
• Around rotating apparatus (belts, pulleys, sprockets, spindles, 

drums, flywheels, chains) all points of operations protected from 
accidental contact? 

• Hot pipes and surfaces exposed to accidental contact? 
• High pressure lines 
• Nip/pinch points 

 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

Operator Qualifications 
• Does the operator have proper licensing where applicable, (e.g., 

CDL)? 
• Does the operator, understand the equipment’s operating 

instructions? 
• Is the operator experienced with this equipment? 
• Is the operator 21 years of age or more?  

 



0 0 0 

 

 

Yes No NA Requirement Comments 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

PPE Required for Drill Rig Exclusion Zone 
• Hardhat 
• Safety glasses 
• Work gloves 
• Chemical resistant gloves       
• Steel toed Work Boots 
• Chemical resistant Boot Covers 
• Apron 
• Coveralls Tyvek, Saranex, cotton)  

 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

Other Hazards 
• Excessive Noise Levels?     dBA 
• Chemical hazards (Drilling supplies - Sand, bentonite, grout, fuel, 

etc.) 
- MSDSs available? 

• Will On-site fueling occur 
- Safety cans available? 
- Fire extinguisher (Type/Rating -__________ _  )  

 

 

Approved for Use  Yes   No   See Comments 

                 
Site Health and Safety Officer     Operator 

 



 

 

 
 
 
 
 
 
 

ATTACHMENT IV 
SAFE WORK PERMITS 
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SAFE WORK PERMIT 
MOBILIZATION AND DEMOBILIZATION ACTIVITIES 

NAVAL STATION GREAT LAKES 
 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Mobilization and demobilization 

activities      
       

 II.  Primary Hazards: Lifting; slips, trips and falls; vehicular and foot traffic; insect/animal bites and stings; 
poisonous plants; inclement weather.    

 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, or coveralls, safety, 

glasses and safety footwear.  Hard hats and hearing protection will be worn when working near operating 
equipment.       

 
 VI. Chemicals of Concern Hazard Monitoring   Action Level(s)            Response Measures 
  None anticipated    None           None      None   
 

  Primary Route(s) of Exposure/Hazard: NA     
         

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 
 VII.  Additional Safety Equipment/Procedures  
  Hard-hat ...........................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No 
  Safety Glasses  ................................  Yes   No Safety belt/harness ........................  Yes   No 
  Chemical/splash goggles .................  Yes   No Radio/Cellular Phone .....................  Yes   No 
  Splash Shield ...................................  Yes   No Barricades......................................  Yes   No 
  Splash suits/coveralls ......................  Yes   No Gloves (Type –   leather/cotton) .....  Yes   No 
  Impermeable apron ..........................  Yes   No Work/rest regimen .........................  Yes   No 
  Safety toe work shoes/boots ............ Yes    No Chemical Resistant Boot Covers ...  Yes   No 
  High visibility vest ............................ Yes    No Tape up/use insect repellent  .........  Yes   No 
  First Aid Kit ...................................... Yes    No Fire Extinguisher ............................  Yes   No 
  Safety Shower/Eyewash .................. Yes    No Other ..............................................  Yes   No 
  Modifications/Exceptions:   Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking 

through areas of high grass.  Use insect repellants containing at least 10% DEET and tape up in such areas.  
Follow manufacturer's recommendations for proper application and reapplication.  Hard hat when overhead 
hazards exist.  Safety glasses when near eye hazards.  Hearing protection when in high noise areas.    

 VIII.  Site Preparation    Yes  No    NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Preview work locations to identify potential hazards (slips, trips, and 

falls, natural hazards, etc.)  Review PPE needs based on activities being performed and the associated 
hazards.  Use safe lifting procedures and obtain assistance when handling heavy or awkward objects.  
Suspend site activities in the event of inclement weather.  Observe site workers for signs and symptoms of 
heat/cold stress.  Use sun block (SPF > 15) to prevent sunburn if necessary.   

 
Permit Issued by:     Permit Accepted by:  
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SAFE WORK PERMIT 
MONITORING WELL INSTALLATION 

AND MULTIMEDIA SAMPLING ACTIVITIES 
NAVAL STATION GREAT LAKES 

 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Monitoring well installation and soil 

and groundwater sampling via DPT and Hollow Stem Augering (HSA)   
 II.  Primary Hazards: Chemical contamination, transfer of contamination; heavy equipment hazards; elevated 

noise; energized systems/utilities; heavy lifting; slip, trip and fall; cuts and lacerations; vehicular and foot 
traffic; ambient temperature extremes; flying projectiles; insect/animal bites and stings, poisonous plants, 
inclement weather    

 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, or coveralls, safety, 

glasses and safety footwear.  Hard hats and hearing protection  will be worn when working near operating 
equipment.       

 
 VI. Chemicals of Concern  Hazard Monitoring /Action Level(s)  Response Measures 
  VOCs   FID/PID with 10.6ev lamp   Suspend site activities   
     >10 PPM in BZ for 3 exp   and retreat to unaffected  
     of 5 mins   area. If readings are   
       sustained contact SSO.   
            
 
  Metals (lead)  Visible dust   Area wetting techniques  
 

  Primary Route(s) of Exposure/Hazard: inhalation, dermal, ingestion     
   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 VII. Additional Safety Equipment/Procedures  
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) .....  Yes   No 
  Safety Glasses  ..........................  Yes   No Safety belt/harness/lifeline ...............  Yes   No 
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .......................  Yes   No 
  Splash Shield .............................  Yes   No Barricades........................................  Yes   No 
  Splash suits/coveralls ................  Yes   No Gloves (Type –   nitrile) ....................  Yes   No 
  Impermeable apron ....................  Yes   No Work/rest regimen ...........................  Yes   No 
  Safety toe work shoes/boots ...... Yes    No Chemical Resistant Boot Covers .....  Yes   No 
  High visibility vest ...................... Yes    No Tape up/use insect repellent  ...........  Yes   No 
  First Aid Kit ................................ Yes    No Fire Extinguisher ..............................  Yes   No 
  Safety Shower/Eyewash ............ Yes    No Other ................................................  Yes   No 
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, safety footwear, and 

nitrile gloves Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking through areas 
of high grass.  Use insect repellants containing at least 10% DEET and tape up in such areas.  Follow 
manufacturer's recommendations for proper application and reapplication.  

 VIII.  Site Preparation    Yes  No    NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Preview work locations to identify potential hazards (slips, trips, and 

falls, natural hazards, etc.)  Review PPE needs based on activities being performed and the associated 
hazards.  Use safe lifting procedures and obtain assistance when handling heavy or awkward objects.  
Suspend site activities in the event of inclement weather.  Observe site workers for signs and symptoms of 
heat/cold stress.  Use sun block (SPF > 15) to prevent sunburn if necessary.  Complete Equipment 
Inspection Checklist prior to beginning work.   

 
Permit Issued by:     Permit Accepted by: 



C
ID

O
O

D
Z

O
Z

E
IN

 

C
ID

O
O

D
Z

O
M

O
 

C
IO

D
O

N
O

Z
E

IZ
Z

 

C
ID

D
IZ

O
D

E
IC

IN
D

 

❑ 
❑ 
❑ 
❑ 

❑ 
❑ 
❑ 

❑ 
❑ 
❑ 
❑ 

0 Z 

z ❑ 	 ❑ 
❑ ❑ 

 

 

SAFE WORK PERMIT 
DECONTAMINATION ACTIVITIES 
NAVAL STATION GREAT LAKES 

 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Decontamination of sampling and 

heavy equipment.     
 II.  Primary Hazards: Chemical exposure, transfer of contamination, inclement weather, noise.  

       
 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, safety glasses, safety 

footwear, and nitrile gloves.   Impermeable aprons are preferred protection against soiling work clothes 
when lifting auger flights because of the need to carry close to the body. If it (impermeable apron) does not 
offer adequate protection, PVC rain suits or PE or PVC coated Tyvek should be employed. Chemical 
resistant boot covers if excessive liquids are generated or to protected footwear.   

 VI. Chemicals of Concern Hazard Monitoring   Action Level(s)  Response Measures 
       Decontamination Fluids        refer to MSDS       refer to MSDS  Re-wash and re-scan  
             
             
 

Primary Route(s) of Exposure/Hazard: Inhalation and direct contact    
         

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 VII. Additional Safety Equipment/Procedures  
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No 
  Safety Glasses  ..........................  Yes   No Safety belt/harness ........................  Yes   No 
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .....................  Yes   No 
  Splash Shield .............................  Yes   No Barricades......................................  Yes   No 
  Splash suits/coveralls ................  Yes   No Gloves (Type – Nitrile) ...................  Yes   No 
  Impermeable apron ....................  Yes   No Work/rest regimen .........................  Yes   No 
  Safety toe work shoes or boots .. Yes    No Chemical Resistant Boot Covers ...  Yes   No 
  High Visibility vest ...................... Yes    No Tape up/use insect repellent  .........  Yes   No 
  First Aid Kit ................................ Yes    No Fire Extinguisher ............................  Yes   No 
  Safety Shower/Eyewash ............ Yes    No Other ..............................................  Yes   No 
  Modifications/Exceptions:  Chemical resistant boot covers if excessive liquids are generated or to protect 

footwear.         
        

 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Suspend site activities in the event of inclement weather.  Employ 

proper lifting techniques. When/where possible use heavy equipment to move and place containers.    
 
Permit Issued by:     Permit Accepted by:  
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SAFE WORK PERMIT 
IDW MANAGEMENT 

NAVAL STATION GREAT LAKES 
 

Permit No.   Date:       Time:  From                 to    

SECTION I: General Job Scope   
I. Work limited to the following (description, area, equipment used):  IDW management activities includes 

containerization, staging, monitoring for leaks of IDW accumulated wastes. Wastes types include purge and 
decontamination wash waters.    

II.  Primary Hazards: Lifting, pinches and compressions; flying projectiles; slips, trips, and falls and chemical 
contamination.     

III. Field Crew:           
IV. On-site Inspection conducted    Yes     No    Initials of Inspector   TtNUS 
 Equipment Inspection required   Yes   No   Initials of Inspector   TtNUS 

 
SECTION II:  General Safety Requirements (To be filled in by permit issuer) 
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes   See Reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  None anticipated        
 
 VI. Chemicals of Concern Hazard Monitoring /Action Level(s) Response Measures 
  None anticipated    none             none  
  
 Primary Route of Exposure/Hazard: NA         
   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes or No)   
 VII. Additional Safety Equipment/Procedures 
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No  
  Safety Glasses  ..........................  Yes   No Safety belt/harness ........................  Yes   No  
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .....................  Yes   No  
  Splash Shield .............................  Yes   No Barricades......................................  Yes   No  
  Splash suits/coveralls ................  Yes   No Gloves (Type – Leather/Cotton) .....  Yes   No  
  Impermeable apron ....................  Yes   No Work/rest regimen .........................  Yes   No  
  Safety toe work shoes/boots ...... Yes    No Chemical Resistant Boot Covers   Yes   No  

 High visibility vest ...................... Yes    No Tape up/use insect repellent  .........  Yes   No   
 First Aid Kit ................................ Yes    No Fire Extinguisher ............................  Yes   No   
 Safety Shower/Eyewash ............ Yes    No Other ..............................................  Yes   No   

Modifications/Exceptions:  If you are using pneumatic/electric power to open drums – Safety glasses are 
required.  If power equipment is employed to move drums or you are working near operating equipment hard 
hats will be employed. Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking 
through areas of high grass.  Use insect repellants containing at least 10% DEET if necessary.  Follow 
manufacturer's recommendations for proper application and reapplication.  If working in areas where snakes 
are a threat, wear snake chaps to protect against bites.  High visibility vest if near active traffic areas.  
     

 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated ............................................................................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
   
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions: Suspend site activities in the event of inclement weather.  Employ 

proper lifting techniques. When/where possible use heavy equipment to move and place containers. When 
placing drums – Place the label and retention ring nut on the outside where it is readily visible. Place 4-drums 
to a pallet. Maintain a minimum distance of 4-feet between pallet rows. An IDW inventory shall be generated 
to provide the number of drums, contents, and volumes. This inventory should be provided to the facility 
contact. Inspect equipment prior to use.   

 
Permit Issued by:     Permit Accepted by: 



 

 

ATTACHMENT V 
OSHA POSTER 



EMPLOYEES. 

You have the right to notify your employer or OSHA 

about workplace hazards. You may ask OSHA to keep 

your name confidential. 

You have the right to request an OSHA inspection if you 

believe that there are unsafe and unhealthful conditions 

in your vvorkplace. You or your representative may 

participate in that inspection. 

You can file a complaint with OSHA within 3O days 

of retaliation or discrimination by your employer for 

making safety and health complaints or for exercising 

your rights under the OSH Act. 

You have the right to see OSHA citations issued to your 

employer. Your employer must post the citations at or 

near the place of the alleged violations. 

Your employer must correct workplace hazards by the 

date indicated on the citation and must certify that 

these hazards have been reduced or eliminated. 

You have the right to copies of your medical records 

and records of your exposures to toxic and harmful 

substances or conditions. 

Your employer must post this notice in your workplace. 

You must comply with all occupational safety and health 

standards issued under the 081-1Artthat apply to your 

own actions and conduct on the job. 

 

Iona! Safety 
and'Health Administration 

U Department f bor 

 

EMPLOYERS: 

You must furnish your employees a place of employment 

free from recognized hazards. 

You must comply with the occupational safety and health 

standards issued under the OSH Act, 

 

Free assistance in identifying and 

correcting hazards or complying with 

standards is available to employers, 
without citation or penalty, through 
OSHA-supported consultation 
programs in each state. 

 

This free poster available from OSHA - 
The Best Resource for Safety and Health 1-800-321-OSHA 

www.osha. gov  

OSHA 21E-12-06R 

   

Naval Station Great Lakes 12-1 CTO 478 
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SITE 12 - HUMAN HEALTH RISK ASSESSMENT METHODOLOGY 

This section of the Uniform Federal Policy Sampling and Analysis Plan (UFP SAP) outlines the general 

methodologies and procedures that will be used to conduct the human health risk assessment (HHRA) for 

Site 12, the Harbor Dredge Spoil Area located at Naval Station Great Lakes.  The objective of the risk 

assessment is to determine whether detected concentrations of chemicals at the site pose a significant 

threat to potential human receptors under current and/or future land use.  The potential risks to human 

receptors will be estimated based on the assumption that no further actions are taken to control 

contaminant releases. 

 

Three major aspects of chemical contamination and environmental fate and transport must be considered 

to evaluate potential risks:  (1) contaminants with toxic characteristics must be found in environmental 

media and must be released by either natural processes or by human action, (2) potential exposure 

points must exist, and (3) human receptors must be present at the point of exposure.  Risk is a function of 

both toxicity and exposure.  If any one of these factors is absent, the exposure route is regarded as 

incomplete, and no potential risks will be considered to exist for human receptors. 

 

In accordance with United States Environmental Protection Agency (EPA) recommendations, the risk 

assessment process follows these steps: 

• Data collection and evaluation 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization 

• Uncertainty analysis 

 

The methodologies used in this risk assessment will comply with scientifically acceptable risk assessment 

practices and current EPA guidance, including but not limited to, the following risk assessment guidance 

documents that were used to develop the framework for the HHRA: 

 

• USEPA, 1989.  Risk Assessment Guidance for Superfund:  Volume I, Human Health Evaluation 

Manual (Part A). EPA 540/1-89/002.  Office of Emergency and Remedial Response, Washington, 

D.C. 

 

• USEPA, 1991.  Human Health Evaluation Manual, Supplemental Guidance:  Standard Default 

Exposure Factors. OSWER Directive 9285.6-03.  Washington, D.C. 

 C-1 CTO 0510 
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• USEPA, 1993.  Preliminary Review Draft:  Superfund’s Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure.  Office of Solid Waste and Emergency 

Response, Washington, D.C. 

 

• USEPA, 1996.  Soil Screening Guidance: Technical Background Document. EPA/540/R-95/128. 

Office of Solid Waste and Emergency Response.  Washington, D.C. 

 

• USEPA, 1997.  Exposure Factors Handbook.  EPA/600/P-95/002Fa.  Office of Health and 

Environmental Assessment, Washington, D.C.  

 

• Department of the Navy, 2001, Conducting Human Health Risk Assessments under the 

Environmental Restoration Program.  Ser N453E/1U595168.  Washington, D.C.  

 

• USEPA, 2001. Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation 

Manual (Part D, Standardized Planning, Reporting, and Review of Superfund Risk Assessments). 

 

• USEPA, December 2002a. Supplemental Guidance for Developing Soil Screening Levels for 

Superfund Sites.  OSWER 9355.4-24.  Washington, D.C. 

 

• USEPA, December 2002b.  Calculating Upper Confidence Limits for Exposure Point Concentrations 

at Hazardous Waste Sites.  OSWER 9285.6-10.  Washington, D.C. 

 

• USEPA, 2004. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final Guidance. 

 

• Department of the Navy, 2004. Navy Final Policy on the Use of Background Chemical Levels. 

 

• Illinois EPA, 2007.  TACO (Tiered Approach to Corrective Action Objectives).  Illinois Environmental 

Protection Agency, Bureau of Land, available online at http://www.epa.state.il.us/land/taco/. 

 

1.0 DATA EVALUATION 

Data evaluation, the first component of a HHRA, involves the compilation and evaluation of analytical 

data.  The main objective of the data evaluation is to develop a media-specific list of chemicals of 

potential concern (COPCs) that will be used to quantitatively determine potential human health risks for 
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site media.  As noted in RAGS Part D, “data quality is an important component of the risk assessment 

and the data quality should be documented.”   

 

Data quality will be evaluated as follows: 

 

• To the extent available, the results of data validation conducted for the data sets used in the risk 

assessment will be summarized and presented. 

 

• To the extent that the information is available, the “Data Usability Worksheet” suggested in RAGS 

Part D will be completed.  

 

• The data evaluation narrative will discuss data quality issues identified during the completion of the 

“Data Usability Worksheet.” 

 

1.1 Data Usability 

Data collected during the proposed field investigation will be used to assess risks to potential human 

receptors.  The analytical data used in the quantitative estimation of potential risks will be subjected to 

data validation.  A discussion of data validation protocol is provided in the UFP SAP.  As stated above, a 

Data Evaluation/Usability Report will be generated for the results of the field investigation.  This report will 

provide information on precision, accuracy, representativeness, completeness, comparability, and 

sensitivity.  A brief summary of the results of the data validation also will be included. 

 

Quantitative or qualitative analytical results from the target analyte lists for the proposed field investigation 

will be used in the risk evaluation.  Field measurements, data regarded as unreliable (i.e., qualified as "R" 

during the data validation process) will not be used in the quantitative risk assessment.  However, these 

data may be used to substantiate the conclusions of the quantitative risk analysis. 

 

1.2 Selection of Chemicals of Potential Concern (COPCs) 

The next step after data summary will be to compare chemical concentrations from the Site with 

screening criteria.  Chemicals at concentrations higher than screening criteria will be selected as 

chemicals of potential concern (COPCs) that are carried through the risk assessment process.  COPCs 

are selected through a qualitative screening process in order to limit the number of chemicals and 

exposure routes quantitatively evaluated in the HHRA to only those site-related constituents that 

dominate overall potential risks.  Screening by use of risk-based concentrations and Illinois Environmental 
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Protection Agency (Illinois EPA) background levels will be used to focus the risk assessment on 

meaningful chemicals and exposure routes. 

 

In general, a chemical will be selected as a COPC and retained for further quantitative risk evaluation if 

(1) the maximum detection in a sampled medium exceeds the lowest risk-based concentration and (2) for 

inorganic contaminants, if the chemical is determined to be present at concentrations exceeding 

concentrations in background samples.  Chemicals eliminated from further evaluation at this time are 

assumed to present nominal risks to potential human receptors.  If a detection limit is above the action 

levels for Site 12 for a specific compound, those compounds and their overall effect will be addressed on 

a case-by-case basis in the site-specific risk assessment and discussed in the Uncertainty Section of that 

assessment. 

 

1.2.1 COPC Screening Criteria 

Several screening criteria will be used to identify COPCs for Site 12.  Screening concentrations based on 

risk-based cleanup objectives developed by Illinois EPA (Illinois EPA) and risk-based concentrations 

developed by Oak Ridge National Laboratory (ORNL) and recommended by the U.S. Environmental 

Protection Agency (USEPA) (referred to as the Regional Screening Levels for Chemical Contaminants at 

Superfund Sites) (ORNL) will be used, as well as other USEPA criteria (see lists below).  The risk-based 

screening concentrations correspond to a systemic hazard quotient of 0.1 for noncarcinogens or an 

incremental lifetime cancer risk of 1x10-6 for carcinogens.  Note that the Illinois EPA and the Regional 

Screening Levels for noncarcinogens are based on a hazard quotient of 1.0 while, the screening 

concentrations will be based on a hazard quotient of 0.1.  The screening concentrations are based on a 

hazard quotient of 0.1 so that additive noncarcinogenic risks for the chemicals do not exceed 1.0.  The 

screening levels to be used in the risk assessment are briefly discussed below. 

 

The screening concentrations in Worksheet #15 of the Uniform Federal Policy-Sampling and Analysis 

Plan (UFP-SAP) that encompasses the Field Sampling Plan requirements and Quality Assurance Project 

Plan (QAPP) are based on risk-based cleanup objectives developed by Illinois EPA and risk-based 

concentrations developed by ORNL and recommended by the USEPA.  The project action levels in 

Worksheet #15 are the lower of the respective criteria (Illinois EPA criteria or USEPA ORNL 

concentrations). 

 

Screening Levels for Soil  

The following criteria will be used to select COPCs for surface and subsurface soil: 
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• Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties, and for Construction 

Workers (Illinois EPA, online at 

http://www.ipcb.state.il.us/SLR/IPCBandIEPAEnvironmentalRegulations-Title35.asp).  These include 

remediation objectives for the soil ingestion exposure route and for the inhalation exposure route.  

The lowest Tier I objective of the receptors (i.e., residential, industrial/commercial, or construction 

worker) listed in the Tier 1 Tables will be used for screening. 

 

• ORNL Regional Screening Levels for Chemical Contaminants at Superfund Sites (USEPA ORNL). 

 

• USEPA Generic Soil Screening Levels (SSLs) for the inhalation of volatiles and fugitive dusts 

calculated online at http://risk.lsd.ornl.gov/calc_start.shtml based on methodology from the USEPA’s 

Soil Screening Guidance (USEPA) 

 

• Soil Remediation Objectives for Residential and Industrial/Commercial Properties, and Construction 

Workers, Non-TACO Chemicals 

 

• Proposed TACO Amendments of Provisional and Revised Screening Levels will be reviewed during 

the final risk assessment, and included in the COPC selection process if finalized by the Illinois EPA. 

 

If the maximum concentration of a constituent exceeds any of these criteria, and, for inorganics only, if 

the constituent is considered to be present at concentrations greater than the concentrations of chemicals 

in background soil, the chemical will be selected as a COPC.  The procedures for the elimination of 

chemicals on the basis of background concentrations will follow current U.S. Navy policy provided in the 

Navy Policy on the Use of Background Chemical Levels (Department of the Navy, January 2004).  At the 

present time, facility background concentrations for naturally occurring or anthropogenic chemicals have 

not been determined for Naval Station Great Lakes.  Therefore, maximum soil concentrations will be 

compared to the concentrations of inorganic chemicals provided by Illinois EPA in Appendix A, Table G of 

TACO.   

 

The comparison of site soil data to USEPA Generic Inhalation SSLs for transfers from soil to air and 

Illinois EPA remediation objectives for inhalation will be used to identify whether a quantitative analysis of 

this exposure pathway is warranted.  If the maximum soil concentration of a chemical exceeds the 

inhalation criteria, a quantitative evaluation of potential risks from inhalation will be performed.  Otherwise, 
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the risks associated with the inhalation pathway will be considered insignificant, and the exposure 

pathway will be eliminated from further evaluation. 

 

To evaluate the potential for chemicals detected in soil to impact groundwater, maximum chemical 

concentrations will be compared to SSLs for migration to groundwater. The comparisons will be 

presented in separate tables (from the COPC tables) and will not be used to select COPCs for soil.  

Migration to Groundwater SSLs are not used for COPC selection because quantitative risk assessments 

are typically based on direct contact with soil or particulates.  There is no methodology available for 

quantitative risk evaluation of indirect exposure based on migration to groundwater.  Therefore, it is not 

appropriate to select COPCs for quantitative risk evaluation for direct exposure on the basis of the indirect 

soil-to-groundwater pathway.  The soil-to-groundwater SSLs provide an indication of potential impacts of 

contamination in soil on groundwater quality but are not indicators of quantitative risk. 

 

The migration from soil to groundwater comparisons will be made using the following criteria: 

 

• Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties for the Soil Component of 

the Groundwater Ingestion Exposure Route for Class I Groundwater (Illinois EPA, online at 

http://www.ipcb.state.il.us/SLR/IPCBandIEPAEnvironmentalRegulations-Title35.asp). 

 

• USEPA Generic SSLs for Migration from Soil to Groundwater calculated online at 

http://risk.lsd.ornl.gov/calc_start.shtml based on methodology from the USEPA’s Soil Screening 

Guidance (USEPA). 

 

• ORNL Regional Screening Level for Protection of Groundwater (USEPA ORNL) 

 

Results of the soil-to-groundwater comparisons will be qualitatively discussed in the risk assessment. 

 

Because of the different exposure scenarios for potential human receptors, COPCs will be identified for 

subsurface soil.  Subsurface soil will be defined as soil collected from depths greater than 1 foot below 

ground surface (bgs).  Construction workers will be assumed to be exposed to subsurface soil.  Exposure 

to subsurface soil for future residents will be evaluated to account for the possibility that subsurface soil 

may be brought to the surface in a future excavation project. 

 

In addition to screening, the comparison of site soil data to USEPA Generic Inhalation SSLs for transfers 

from soil to air will be used to identify whether a quantitative analysis of this exposure pathway is 
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warranted.  If the maximum soil concentration of a chemical exceeds the Inhalation SSL, a quantitative 

evaluation of potential risks from inhalation will be performed.  Otherwise, the risks associated with the 

inhalation pathway will be considered insignificant, and the exposure pathway will be eliminated from 

further evaluation. 

 
Screening Concentrations for Groundwater 

Due to the likely impact of the lake on groundwater conditions, potential risks from exposure to 

groundwater at Site 12 will not be evaluated in this HHRA.  

 

Surface Water and Sediment 

Potential risks from exposure to surface water and sediment at Site 12 will not be evaluated in this HHRA.   

Screening Concentrations for Lead  

Limited criteria are available to evaluate the potential risks associated with lead.  There are no risk-based 

concentrations for this chemical because the USEPA has not derived toxicity values for lead.  However, 

recommended screening levels available for lead in soil are used to indicate the need for response 

activities.  Guidance from both the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and 

the Office of Solid Waste and Emergency Response (OSWER) recommend 400 mg/kg as the lowest 

screening level for lead-contaminated soil in a residential setting, where children are frequently present 

(USEPA, July 1994).  OPPTS identifies 2,000 to 5,000 mg/kg as an appropriate range for areas where 

contact with soil by children in a residential setting is less frequent 

 

The TACO objectives of 800 and 700 mg/kg for the industrial/commercial and construction worker 

receptors, respectively will also be included for screening. 

  

1.2.2 Essential Nutrients and Chemicals without Toxicity Criteria 

Essential nutrients, including calcium, magnesium, potassium, and sodium will not be selected as COPCs 

for Site 12.  These inorganic chemicals are naturally abundant in environmental matrices and are only 

toxic at high doses.  In addition, because of the lack of toxicity criteria, risk-based COPC screening levels 

are not available for some chemicals (e.g., benzo(g,h,i)perylene and phenanthrene).  Appropriate 

surrogates will be selected (with approval from the Illinois EPA) for some of these chemicals based on 

similar chemical structures. For example, pyrene will be used as the surrogate for benzo(g,h,i)perylene 

and phenanthrene.. 
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1.2.3 Determination of Site-Related Chemicals 

Chemicals in site media found at concentrations indicative of background concentrations are not 

considered to be site-related contaminants and will not be retained as COPCs for the quantitative risk 

assessment.  In order to determine whether inorganic and anthropogenic organic chemicals are present 

at concentrations greater than background, the maximum detected concentrations of inorganic chemicals 

in soil will be compared with background levels provided by Illinois EPA (see Section 1.2.1).  
 

The elimination of chemicals as site-related COPCs on the basis of background comparisons will follow 

the guidance provided in Navy Policy on the Use of Background Chemical Levels (Department of the 

Navy, January 2004).  This document also presents the Navy’s interpretation of USEPA guidance 

provided in the document titled Role of Background in the CERCLA Cleanup Program (USEPA, April 

2002) and details the methodology to be used in evaluating background under the Navy’s Environmental 

Restoration and Base Realignment and Closure (BRAC) programs.  Navy policy as it applies to risk 

assessments requires the following: 

 

1. A clear and concise understanding of chemicals released from a site, thus making sure the Navy is 

focusing on remediating the release. 

 

2. The use of background data in the screening-level risk assessment. 

 

a. The comparison of site chemical levels to risk-based screening criteria. 

b. The comparison of site chemical levels to background concentrations. 

c. The identification of site-related COPCs based on screening criteria comparisons and 

background comparisons. Site-related COPCs are those chemicals with concentrations 

exceeding risk-based screening criteria and background concentrations.  To the extent possible, 

site-related COPCs are further evaluated quantitatively in the risk assessment.  

 

3. The consideration of background in the risk assessment. 

 

a. The calculation of risk estimates for site-related COPCs only. 

b. The further evaluation of non-site-related COPCs in the risk characterization section (e.g., the 

evaluation of chemicals detected at concentrations exceeding screening criteria but less than 

background concentrations).  The Navy considers this comparison to be consistent with EPA’s 

Role of Background in the CERCLA Cleanup Program (USEPA, April 2002).  The uncertainty 
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associated with the elimination of chemicals on the basis of background will also be discussed in 

the uncertainty section of the risk assessment. 

 

4. The selection of site cleanup remedial goals at concentrations not less than background levels.  

Additionally, cleanup levels should not be developed for chemicals not identified as chemicals of 

concern (COCs).  As defined in the Navy guidance, COCs are site-related COPCs found to be the 

risk drivers in the risk assessment that may pose unacceptable human health risks. 

 

1.2.4 Decision Rules for Establishing COPCs 

The following decision rules will be used to select an initial list of COPCs: 

 

• A chemical detected in soil will be selected as a COPC for soil if any detected chemical concentration 

exceeds the screening levels for soil and background screening indicates that the site concentrations 

are greater than Illinois EPA background concentrations. 

 

Chemicals detected at concentrations greater than the screening levels but eliminated as COPCs on the 

basis of background comparisons and chemicals whose non-detection limits are greater than the site 

action limits will be further discussed in the risk characterization and uncertainty sections of the risk 

assessment. 

 

1.3 COPC Summary Screening Tables 

Media-specific tables summarizing the selection of COPCs will be included in the risk assessment.  The 

tables will be prepared according to the guidelines established for preparation of Standard Table 2 of the 

RAGS Part D guidance.  An example format of a typical COPC selection table is provided as Table 1. 

 

2.0 EXPOSURE ASSESSMENT 

The purpose of the Exposure Assessment is to predict the magnitude and frequency of potential human 

exposure to each of the COPCs.  Actual or potential exposures at Site 12 will be determined based on the 

most likely pathways of contaminant release and transport, as well as human activity patterns.  A 

complete exposure pathway has three components:  (1) a source of chemicals that can be released to the 

environment, (2) a route of contaminant transport through an environmental medium, and (3) an exposure 

or contact point for a human receptor. 
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2.1 Conceptual Site Model (CSM) 

The development of a CSM is an essential component of the exposure assessment.  The CSM integrates 

information regarding the physical characteristics of the site, exposed populations, sources of 

contamination, and contaminant mobility (fate and transport) to identify potential exposure routes and 

receptors to be evaluated in the risk assessment.  The site-specific CSM for Site 12 is presented in this 

section and illustrated in Figure 1.  The CSM depicts the relationships among the following elements: 

 

• Site sources of contamination 

• Contaminant release mechanisms 

• Transport/migration pathways 

• Exposure routes 

• Potential receptors 

 

The CSM will be refined during the risk assessment process using the data and information collected as 

part of the proposed field investigation.  Table 2 presents a summary of the exposure routes that will be 

addressed quantitatively for each human receptor.  The elements of the CSM as they pertain to Site 12 

are presented in the following sections. 

 

2.1.1 Site Sources of Contamination 
 

During harbor dredging activities in 1952 and the 1970s, dredge spoils from the boat slip area in the 

harbor were reportedly disposed at Site 12 (Rogers, Golden & Halpern, 1986).  Dames & Moore (1991) 

reviewed aerial photographs taken between 1946 to 1985 which indicated evidence of some filling and 

other modifications of Site 12 over this period.   

 

The harbor area receives flow from Pettibone Creek, which drains stormwater from the base and a 

number of off-base industries upstream of NS Great Lakes. Chemicals in the runoff may have settled in 

the sediments (Rogers, Golden & Halpern, 1986).  The sediment reportedly dredged from the harbor and 

deposited on Site 12 could have high organic content and may contain heavy metals, oils (i.e., VOCs and 

SVOCs), pesticides, and polychlorinated biphenyls (PCBs) from industries upstream of the NS Great 

Lakes according to initial reports. These initial reports triggered an investigation of the site. 

As part of a base-wide investigation Dames & Moore (1991) conducted the Verification Step of the 

Remedial Investigation (RI) at Site 12.  Thirty-three surface and subsurface soil samples were collected 

from 11 soil borings there during three sampling events in 1988 and 1989. Samples were analyzed for 

VOCs, metals, pesticides and PCBs.  Laboratory data for VOCs and metals could not be validated using 
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USEPA Level III data validation procedures and therefore were determined not usable for their intended 

purpose. The pesticide and PCB data was validated and considered usable. Dames & Moore (1991) did 

not present conclusions and recommendations in their report and, because of the validation issues; the 

document was issued as a Technical Memorandum. Following is some of the information provided: 

 

• VOCs are not present in significant concentrations in the un-validated data; due to the nature of 

the sediment deposition, they probably were not present in significant concentrations in dredge 

spoils. 

• Heavy metals, including antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, 

selenium, silver, and zinc were detected in the un-validated data for site soils.   

• Pesticides were detected above detection levels within the upper 5 feet throughout the site’s areal 

extent,   

• PCBs were not detected above the detection limits in any samples. However, due to the nature of 

past industrial development upstream of the site, they are still considered a possible contaminant. 

• SVOCs have not been analyzed in soil samples from Site 12 

• Groundwater levels and quality at the site have not been investigated. Both are expected to be 

strongly influenced by lake and harbor water conditions 

 

 

2.1.2 Contaminant Release Mechanisms and Transport/Migration Pathways 

Based on information regarding past practices at the site, plausible contaminant release and migration 

mechanisms include the following: 

 

• Transport of chemicals deposited on surface and subsurface soil. 

 

• Migration of fugitive dusts vapors from surface and subsurface soil to ambient air if 

construction/excavation activities occur in the future. 

 

2.1.3 Potential Receptors/Exposure Routes 

Naval Station Great Lakes is an active facility and will remain so for the foreseeable future.  Under current 

land use, access to and use of Site 12 is primarily limited to military personnel.  However, to aid in risk 

management decisions, the risk assessment will also consider potential receptors, such as future 

residents, who might be exposed to contaminants persisting in site media or migrating from the site.  The 

potential receptors have been identified by analyzing current land use practices, potential future land 
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uses, and the identified areas of contamination in order to focus the risk assessment on potential site-

related exposures.  The general receptor classes include: 

 

• Construction Workers - Potential receptors under future land uses.  Construction workers are 

assumed to be civilian personnel who may be involved in a short-term, one-time construction project.  

Excavation and ground-intrusive activities may occur on the site in the future.  If these excavation 

projects were to occur, construction workers could potentially be exposed to soil to an estimated 

depth of 10 feet bgs (conservative estimate based on available site information) by ingestion and 

dermal contact. Construction workers may also be exposed by inhaling dusts from soil or vapors 

emitted from soil during excavation.   

 

• Occupational Workers – Potential receptors under future and current land use.  

Maintenance/occupational workers include personnel to account for the possibility that Naval Station 

Great Lakes might be developed for commercial/industrial uses at some future time.  

Maintenance/occupational workers will be assumed to be exposed to surface and subsurface soil by 

ingestion, dermal contact, and inhalation of fugitive dust and vapors.  

 

• Future Military Residents (Adults/Children) – Potential receptor under future land use.  Military 

residents are not potential receptors under current land use because they do not live on the site.  

They will be evaluated primarily for decision-making (risk management) purposes based on the 

assumption that the site could support military residential use in the future.  Future military residents will 

be assumed to be exposed to subsurface soil by ingestion, dermal contact, and the inhalation of 

fugitive dust and vapors.  Risks to military residents will be evaluated by reference to future civilian 

residents because risks for these receptors are the same or slightly less than civilian residents.   

 

• Future Civilian Residents (Adults/Children) – Potential receptor under future land use.  Hypothetical 

future residents are not potential receptors under current land use but will be evaluated to aid in risk 

management decisions by providing an indication of potential risks if the facility were to close and be 

developed for residential use.  Future onsite residents will be assumed to be exposed to surface and 

subsurface soil by ingestion, dermal contact, and the inhalation of fugitive dust and vapors.  Navy 

recruits were also considered as potential receptors at Site 12.  However, exposure for the recruits 

was assumed to be negligible because of the limited time recruits spend at Naval Station Great Lakes 

(i.e., 12 weeks) and because the lack of idle time allocated to recruits during training.  Therefore, risks 

to Navy recruits will not be evaluated in the risk assessment.  
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• Adult and adolescent recreational users/trespassers (e.g., picnickers) - Potential receptors under 

current/future land use.  These receptors will be evaluated for exposure to surface soils at the site.  

Exposure to surface soils will be evaluated for ingestion, dermal contact, and inhalation of fugitive 

dust and vapors. 

 

To aid risk managers in making remedial decisions for Site 12, potential future residents and 

maintenance/occupational workers will be evaluated for exposure to subsurface soil based on the 

assumption that subsurface soil could be brought to the surface in a future excavation project. If exposure 

to subsurface soil were to occur, a receptor may be exposed to soil via inadvertent ingestion of a small 

amount of soil, via dermal absorption of contaminants from the soil, or via inhalation of vapors or 

particulates.  The results of this evaluation will be presented in the uncertainty section of the risk 

assessment.  

 

Table 2 summarizes the exposure routes that will be addressed quantitatively for each receptor at Site 

12.  

 

2.2 Central Tendency Exposure vs. Reasonable Maximum Exposure 

Traditionally, exposures evaluated in the HHRA were based on the concept of a Reasonable Maximum 

Exposure (RME) only, which is defined as "the maximum exposure that is reasonably expected to occur 

at a site" (USEPA, December 1989).  However, more recent risk assessment guidance (USEPA, May 

1993) indicates the need to address an average case or Central Tendency Exposure (CTE). 

 

To provide a full characterization of potential exposure, both RME and CTE will be evaluated in the risk 

assessment for Site 12.  The available guidance (USEPA, May 1993) concerning the evaluation of CTE is 

limited.  Therefore, professional judgment will be exercised when defining CTE conditions for a particular 

receptor at the site. 

 

2.3 Exposure Point Concentrations (EPCs) 

EPCs, which are calculated for COPCs only, are estimates of chemical concentrations within an exposure 

unit (EU) that are likely to be contacted over time by a receptor and are used to estimate exposure 

intakes.  The EUs evaluated and the guidelines for calculating the EPCs for the EUs within Site 12 are as 

follows:   
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• EUs for receptors potentially exposed to surface and subsurface soil will likely include the sampled 

locations within a study area unless the analytical data for soil suggest that significant contaminant 

hot spot(s)/sub-area(s) exist within the study area, and the hot spot(s)/sub-area(s) is (are) large 

enough to be considered an EU for one or more of the receptors being evaluated.  For example, a 

residential lot size of ¼ acre to 2 acres is often used for the evaluation of a hypothetical future 

resident.  The size of an EU will be based on the distribution of the chemical concentrations in soil 

and on presumed receptor activity patterns. 

 

 

EPCs will be calculated for each medium at which receptors are assumed to be exposed.  These media 

are:   

• On-site surface and subsurface soil 

 

The following guidelines will be used to calculate the EPCs: 

 

• If a soil data set for an EU contains fewer than 10 samples, the EPC for the RME and CTE cases will 

be defined as the maximum detected concentration. 

 

• If a soil data set for an EU contains 10 or more samples, the following receptor-specific EPCs will be 

used: 

 

• Current and future maintenance occupational workers along with current Navy personnel and 

adolescent trespassers will be assumed to be exposed to the upper confidence limit (UCL) on 

the arithmetic mean, which will be based on the distribution of the data set, for the RME and 

CTE cases.  The EPCs will be calculated following USEPA’s Calculating Upper Confidence 

Limits for Exposure Point Concentrations at Hazardous Waste Sites (USEPA, December 

2002) using the USEPA’s ProUCL Version , 4.00.05 software and guidance (USEPA, April 

2007). Individual cases will be examined by a statistician who will make a decision on the 

appropriate value to use as the exposure concentration.  Typically, recommendations made 

in Section 3 (Data Evaluation) of the ProUCL guidance or methods specified in Gilbert are 

used by the statistician.  In keeping with past practice at Naval Station Great Lakes, Illinois 

EPA will be consulted for the non-typical cases. 

 

• Construction workers and future residents will be assumed to be exposed to the maximum 

detected concentration.  The maximum detected concentration will be used as the EPC for 
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construction workers because of the possibility that construction workers might be exposed to 

a small highly concentrated area during the short exposure duration assumed for this 

receptor.  The maximum concentration will be used to estimate risks for future residents 

based on the conservative assumption that a dwelling would be built on the most highly 

contaminated section of the site in the future.  

 

• Risks for exposure to lead will follow the methodology presented in the preceding bullets. EPCs for 

construction workers and future residents will the maximum concentrations. The EPC for occupational 

workers will be the average lead concentration across the site, as per USEPA guidance for the child 

and adult lead models (Section 2.5).  

 

Duplicate analytical results will not be used for the EPC calculations. The duplicate results will be used for 

sampling and analytical quality control purposes only.  Data values less than sample-specific detection 

limits will be reported as the detection limit and the result designated as below detection by annotation. 

 

2.4 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure via ingestion, dermal contact, or inhalation 

are presented in this section of the Work Plan.  Intakes for the identified potential receptor groups will be 

calculated using USEPA risk assessment guidance (USEPA, December 1989 and July 2004) and 

presented in the risk assessment spreadsheets which will be appended to the risk assessment as support 

documentation. 

 

Noncarcinogenic intakes will be estimated using the concept of an average annual exposure.  

Carcinogenic intakes will be calculated as an incremental lifetime exposure that will assume a life 

expectancy of 70 years.  Equations used to calculate estimated intakes are provided below.  

 

Values of the exposure parameters and assumptions regarding exposure for receptors and exposure 

pathways are presented in Tables 3 and 4.  

 

2.4.1 Dermal Contact with Soil 

Direct physical contact with soil may result in the dermal absorption of chemicals.  Exposures associated 

with the dermal route are estimated in the following manner (USEPA, December 1989 and July 2004): 

 

Intakesi  =  (Csi)(SA)(AF)(ABS)(CF)(EF)(ED) /(BW)(AT) 
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 where: 

  Intakesi = amount of chemical "i" absorbed during contact with soil (mg/kg/day) 

  Csi = concentration of chemical "i" in soil (mg/kg) 

  SA = skin surface area available for contact (cm2/day) 

  AF = skin adherence factor (mg/cm2) 

  ABS = absorption factor (dimensionless) 

  CF = conversion factor (1x10-6 kg/mg) 

  EF = exposure frequency (days/yr) 

  ED = exposure duration (yr) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yrs x 365 days/yr 

 

Exposed skin surface areas available for dermal contact are determined for each receptor based on 

assumed human activities and clothing worn during exposure events.  USEPA guidance (USEPA, August 

1997 and July 2004) is used to develop the default assumptions concerning the amount of skin surface 

area available for contact for a receptor.  The skin surface areas that will be used in risk assessment 

calculations and the rationale for the selection of the surface areas are as follows: 

 

• Occupational workers and construction/excavation workers are assumed to be exposed on the head, 

hands and forearms assuming that they wear a short-sleeved shirt, long pants, and shoes.  As 

recommended in RAGS Part E (USEPA, July 2004), this skin surface area is assumed to be 

3,300 cm2 for the RME and CTE scenarios.  This value represents the average of the 50th percentile 

areas of males and females more than 18 years old.  

 

• For future military and civilian adult residents along with current Navy personnel and adolescent 

trespassers are assumed to be exposed to soil, the exposed surface areas available for contact will 

be the values for the adult skin surface area for exposure to soil recommended in RAGS Part E 

(USEPA, July 2004), 5,700 cm2 for both the RME and CTE.  This skin area assumes that head, 

hands, forearms, and lower legs of the adult are available for contact.  For child residents assumed to 

be exposed to soil, the exposed surface areas available for contact will be the values for child skin 

surface area for exposure to soil recommended in RAGS Part E (USEPA, July 2004), 2,800 cm2 for 

both the RME and CTE.  This skin area assumes that head, hands, forearms, lower legs, and feet of 

the child are available for contact.   
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Values of soil adherence factors and chemical-specific dermal absorption factors provided in RAGS 

Part E (USEPA, July 2004) will be used to evaluate risks from exposure to soil.  The following soil 

adherence factors will be used for the RME and CTE exposure scenarios: 

 

•  Construction Workers – 0.3 mg/cm2 for the RME and 0.1 mg/cm2 for the CTE (Exhibit 3.3, 

USEPA, July 2004). 

 

• Occupational Workers – 0.2 mg/cm2 for the RME and 0.02 mg/cm2 for the CTE (Exhibit 3.5, 

USEPA, July 2004). 

 

• Adolescent Recreational Users/Trespassers – 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE.  

(Exhibit 3.5, U.S. EPA, July, 2004). 

 

• Future Adult Residents and Adult Recreational Users/Trespassers – 0.07 mg/cm2 for the RME and 

0.01 mg/cm2 for the CTE (Exhibit 3.5, U.S. EPA, July, 2004) 

 

• Future Child Residents – 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE (Exhibit 3.5, 

USEPA, July 2004). 

 

For the constituents identified as COPCs in soil, the following absorption factors will be used 

(USEPA, July 2004):  

 

• Arsenic – 0.03 

• Cadmium – 0.001 

• PAHs – 0.13 

• Semivolatiles – 0.1 

• Other Inorganics and Volatile Organics – not evaluated for dermal contact with soil (USEPA, July 

2004) 

 

2.4.2 Incidental Ingestion of Soil 

Incidental ingestion of soil by potential receptors is assumed to coincide with dermal exposure.  

Exposures associated with incidental ingestion are estimated in the following manner (USEPA, December 

1989): 
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Intakesi  =  (Csi)(IRs)(FI)(EF)(ED)(CF) /(BW)(AT) 

 

 where: 

  Intakesi = intake of contaminant "i" from soil (mg/kg/day) 

  Csi = concentration of contaminant "i" in soil (mg/kg) 

  IRs = ingestion rate (mg/day) 

  FI = fraction ingested from contaminated source (dimensionless) 

  EF = exposure frequency (days/yr) 

  ED = exposure duration (yr) 

  CF = conversion factor (1x10-6 kg/mg) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yrs x 365 days/yr 

 

The same exposure frequencies and durations used in the estimation of dermal intakes will be used to 

estimate exposure via incidental ingestion.  A default value of 1.0 (USEPA, December 1989) will be used 

for the fraction ingested from the contaminated source for the RME and CTE scenarios.  For the RME 

scenario, the ingestion rate is set at 330 mg/day for the construction worker (USEPA, December 2002), 

200 mg/day for the future child resident, and 100 mg/day for the other potential receptors (the 

occupational worker and future adult resident) (USEPA, May 1993).  Ingestion rates for the CTE are 

assumed to be one-half of the RME values.  

 

2.4.3 Inhalation of Air Containing Fugitive Dust/Volatiles Emitted from Soil 

The inhalation pathway will be quantitatively evaluated only if it is determined to be necessary by a 

comparison with USEPA SSLs for the migration of chemicals from soil to air.   These modeled air 

concentrations are calculated by Tetra Tech using the methodology and equations based on USEPA’s 

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites for the migration of 

chemicals from soil to air (OSWER 9355.4-24, December 2002) and equations published at 

http://rais.ornl.gov/epa/ssl1.shtml, since these values are more recent than those published in the 1996 

and 2002 SSL guidance documents. 

 

For those chemicals that exceed their respective SSLs, this pathway is quantitatively evaluated and these 

are compared with unit risk and RFCs to calculated inhalation risks and noncancer hazards for this 
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pathway.  If it is determined that a quantitative evaluation is not required, the potential risks associated 

with the inhalation pathway will be regarded as minimal and no further evaluation will be performed.  

 

The amount of chemical a receptor takes in as a result of respiration is determined using the 

concentration of the contaminant in air.  Intakes of both particulates and vapors from soil will be 

calculated using the following equation (USEPA, December 1991 and July 1996): 

 

Intakeai = [Csi x IRa x ET x EF x ED x (1/PEF + 1/VF)] / (BW x AT) 

 

 where: Intakeai  = intake of chemical "i" from air via inhalation (mg/kg/day) 

  Csi  = concentration of chemical "i" in soil (mg/kg) 

  IRa  = inhalation rate (m3/hr or day) 

  ET   = exposure time (hours/day) 

  EF  = exposure frequency (days/yr) 

  ED   = exposure duration (yr) 

  PEF  = Particulate Emission Factor (m3/kg)   

VF  = Volatilization Factor (chemical-specific) (m3/kg) 

  BW  = body weight (kg) 

  AT  = averaging time (days); 

     for noncarcinogens, AT = ED x 365 days/yr; 

     for carcinogens, AT = 70 yr x 365 days/yr 

 

The concentration of a chemical in air is calculated using the methodology provided in the USEPA’s Soil 

Screening Guidance (USEPA, July 1996 and December 2002) and measured soil concentrations, site-

specific information such as the fraction of organic carbon (foc), chemical-specific data, and model default 

values.  The following inhalation rates are used to calculate the inhalation intakes: for workers, 2.5 m3 per 

hour for the RME and 1.5 m3 per hour for the CTE (USEPA, August 1997 and December 2002), 20 m3 

per day for adult residents for the CTE and RME (USEPA, December 1989 and March 1991), and 10 m3 

per day for child residents six years of age and under (USEPA, August 1997) for the CTE and RME.   

2.5 Exposure to Lead 

The equations and methodology presented in the previous section cannot be used to evaluate exposure 

to lead because of the absence of published dose-response parameters.  If lead is identified as a COPC, 

exposure to lead will be assessed using the latest version of the USEPA's Integrated Exposure Uptake 

Biokinetic (IEUBK) Model for lead (USEPA, May 2002).  This model is designed to estimate blood levels 
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of lead in children (under 7 years of age) based on either default or site-specific input values for air, 

drinking water, diet, dust, and soil exposure. 

 

Studies indicate that infants and young children are extremely susceptible to adverse effects from 

exposure to lead.  Considerable behavioral and developmental impairments have been noted in children 

with elevated blood lead levels.  The threshold for toxic effects from this chemical is believed to be in the 

range of 10 µg/dL to 15 µg/dL.  Blood lead levels greater than 10 µg/dL are considered to be a "concern." 

 

 

Adult exposure to lead in soil will be quantified by the model provided by the USEPA’s Technical Review 

Workgroup for Lead (USEPA, November 2003).  In this model, adult exposure to lead in soil is addressed 

by an evaluation of the relationship between the site soil lead concentration and the blood lead 

concentration in the developing fetuses of adult women.  The adult lead model will generate a 

spreadsheet for each exposure scenario evaluated (i.e., workers and adult residents).  The spreadsheets 

will calculate a range of 95th percentile fetal blood lead concentrations from central estimates of blood 

lead concentrations in pregnant adult women.  The spreadsheets also calculate 95th percentile blood lead 

concentrations in fetuses born to women exposed to lead in soil. 

 

No models are currently available to evaluate the periodic exposure of adolescent trespassers to lead.  

Therefore, guidance provided in the USEPA’s Assessing Intermittent or Variable Exposures to Lead Sites 

(USEPA, 2003) will be used to evaluate the periodic exposure expected for this receptor.  This guidance 

makes use of such options as time weighting, varying intensity of exposure, and seasonal variability, in 

conjunction with the IEUBK and ALM models, to estimate exposure to lead in soil  

 

 

 

3.0 TOXICITY ASSESSMENT 

The objective of the toxicity assessment is to identify the potential health hazards and adverse effects in 

exposed populations.  Quantitative estimates of the relationship between the magnitude and type of 

exposures and the severity or probability of human health effects will be defined for the identified COPCs.  

Quantitative toxicity values determined during this component of the risk assessment will be integrated 

with outputs of the exposure assessment to characterize the potential for the occurrence of adverse 

health effects for each receptor group. 
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The toxicity value used to evaluate noncarcinogenic health effects is the Reference Dose (RfD).  

Carcinogenic effects are quantified using the Cancer Slope Factor (CSF). 

 

3.1 Toxicity Criteria 

Oral and inhalation RfDs and CSFs to be used in the site-specific risk assessment for Site 12 will be 

obtained from the following primary literature sources (USEPA, December 2003): 

 

• Integrated Risk Information System (IRIS) (Online at http://www.epa.gov/iris/subst/index.html). 

 

• USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) – The Office of Research and 

Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 

Technical Support Center develops PPRTVs on a chemical specific basis when requested by the 

USEPA’s Superfund program. 

 

• Annual Health Effects Assessment Summary Tables (HEAST) (USEPA, July 1997) for chronic and 

subchronic toxicity values. 

 

• Other Toxicity Values – These sources include but are not limited to California Environmental 

Protection Agency (Cal EPA) toxicity values, the Agency for Toxic Substances and Disease Registry 

(ATSDR) Minimal Risk Levels (MRLs). 

 

• Illinois EPA Bureau of Land at http://www.epa.state.il.us/land/taco/toxicity-values.xls for subchronic 

toxicity values 

 

• The Risk Assessment Information System (RAIS) http://rais.ornl.gov/tox/toxvals.shtml for 
subchronic toxicity values. 

 

• Although RfDs and CSFs can be found in several toxicological sources, USEPA's IRIS online 

database is the preferred source for toxicity values.  The ORNL Regional Screening Levels for 

Chemical Contaminants at Superfund Sites (ORNL, June 2008) will also be used as sources of 

toxicity criteria.  Guidance provided in RAGS-Part C (USEPA, October 1991) and by Illinois EPA will 

also be used when evaluating subchronic risks for the construction worker.  
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3.2 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature may be expressed as administered doses; therefore, these values are 

considered to be inappropriate for estimating the risks associated with dermal routes of exposure.  Oral 

dose-response parameters based on administered doses must be adjusted to absorbed doses before the 

comparison to estimated dermal exposure intakes is made.  Because this information is not always 

readily available, oral dose-response parameters will be adjusted to an absorbed dose using chemical-

specific absorption efficiencies published in available guidance (USEPA, July 2004) and the following 

equations: 

 

( )( )GIoraldermal ABSRfD  RfD =  

 

( ) ( )GIoraldermal ABS/CSF  CSF =  

 

 where:  

  ABSGI  =  absorption efficiency in the gastrointestinal tract 

 

Absorption efficiencies used in the risk assessments will reflect the USEPA’s current dermal assessment 

guidance (USEPA, July 2004). 

 

3.3 Toxicity Criteria for Chromium 

Toxicity criteria are available for two different forms of chromium, the trivalent state and the hexavalent 

state, of which the latter is considered to be more toxic.  The screening of chromium will be conducted 

assuming that 100 percent of the reported total chromium is hexavalent.  Should chromium, assumed to 

be hexavalent, prove to be a significant contributor to risk, further investigation regarding the presence 

and valence state of chromium may be necessary.  The uncertainty associated with the assumption that 

all chromium is hexavalent chromium will be discussed in the uncertainty section of the risk assessment. 

 

4.0 RISK CHARACTERIZATION 

Potential risks (noncarcinogenic and carcinogenic) for human receptors resulting from the exposures 

outlined in the exposure assessment are quantitatively determined during the risk characterization 

component of the human health risk assessment.   
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A summary and interpretive discussion of the quantitative risk estimates will be provided in the text of the 

risk assessment.  During the interpretive risk discussion, COPCs that contribute significantly to elevated 

risks will be identified as "risk drivers" or chemicals of concern (COCs).  The numeric estimates of risk will 

be contained in the risk assessment spreadsheets that will be appended to the risk assessment as 

support documentation.   

 

4.1 Quantitative Analysis 

Quantitative estimates of risk will be calculated according to risk assessment methods outlined in USEPA 

guidance (USEPA, December 1989).  Lifetime cancer risks will be expressed in the form of dimensionless 

probabilities, referred to as incremental lifetime cancer risks (ILCRs), based on CSFs.  Noncarcinogenic 

risk estimates will be presented in the form of Hazard Quotients (HQs) that are determined through a 

comparison of intakes with published RfDs. 

 

ILCR estimates are generated for each COPC using estimated exposure intakes and published CSFs, as 

follows: 

 

ILCR = Estimated Exposure Intake x CSF 

 

If the above equation results in an ILCR greater than 0.01, the following equation (USEPA, December 

1989) will be used: 

 

ILCR = 1-(exp-[Estimated Exposure Intake x CSF]) 

 

An ILCR of 1x10-6 indicates that the exposed receptor has a one-in-one-million chance of developing 

cancer under the defined exposure scenario.  Alternatively, such a risk may be interpreted as 

representing one additional case of cancer in an exposed population of one million persons. 

 

As mentioned previously, noncarcinogenic risks will be assessed using the concept of HQs and Hazard 

Indices (HIs).  The HQ for a COPC is the ratio of the estimated intake to the RfD, as follows: 

 

HQ = Estimated Exposure Intake ÷ RfD 

 

An HI will be generated by summing the individual HQs for the COPCs.  The HI is not a mathematical 

prediction of the severity of toxic effects and therefore is not a true "risk"; it is simply a numerical indicator 

of the possibility of the occurrence of noncarcinogenic (threshold) effects. 
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4.2 Comparison of Quantitative Risk Estimates to Benchmarks 

Quantitative risk estimates will be compared to USEPA and Illinois EPA benchmarks to interpret the 

quantitative risks and to aid risk managers in determining the need for remediation at a site.  Calculated 

ILCRs will be interpreted using the USEPA's "target range" (1x10-4 to 1x10-6) and HIs are evaluated using 

a value of 1.0.  The Illinois EPA goal for carcinogenic risks, as specified in TACO, is 1x10-6. 

 

The USEPA has defined the range of 1x10-4 to 1x10-6 as the ILCR target range for most hazardous waste 

facilities addressed under CERCLA and RCRA.  Individual or cumulative ILCRs greater than 1x10-4 are 

typically not considered as protective of human health, and ILCRs less than 1x10-6 are typically regarded 

as protective.   Risk management decisions are necessary when the ILCR is within the 1x10-4 to 1x10-6 

cancer risk range.  Risks greater than 1x10-6 will be discussed in the risk assessment.   

 

An HI exceeding unity (1.0) indicates that there may be potential noncarcinogenic health risks associated 

with exposure.  If an HI exceeded unity, a segregation of target organs effects associated with exposure 

to COPCs is performed.  Only those chemicals that affect the same target organ(s) or exhibit similar 

critical effect(s) are regarded as truly additive.  Consequently, it may be possible for a cumulative HI to 

exceed 1.0, but have no anticipated adverse health effects if the COPCs do not affect the same target 

organ or exhibit the same critical effect.  

 

4.3 Qualitative Analysis 

A qualitative evaluation of risk will be made for several exposure situations. 

 

• The soil inhalation pathway will be initially evaluated by a comparison of maximum site soil 

concentrations to USEPA Generic SSLs for transfers from soil to air and Illinois EPA Tier 1 Soil 

Remediation Objectives for Residential Properties for the inhalation exposure route.  If the maximum 

site concentration exceeds the SSL for a chemical, a quantitative analysis of this exposure pathway 

will be performed. 

 

• The potential for the migration of soil contaminants to groundwater will be assessed by a comparison 

of maximum and average soil concentrations to Illinois EPA and USEPA Generic SSLs for transfers 

from soil to groundwater.  SSLs based on dilution and attenuation factors (DAFs) of 1 and 20, 

respectively, will be used in the evaluation.  The comparisons will be presented in tables and results 

of the analysis will be discussed in the risk assessment.  
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5.0 UNCERTAINTY ANALYSIS 

The goal of the uncertainty analysis is to identify important uncertainties and limitations associated with 

the HHRA.  Uncertainties related to each component of the assessment (i.e., data evaluation, exposure 

assessment, toxicity assessment, and risk characterization) will be presented.  In addition, the effect of a 

particular uncertainty on the outcome of the assessment (i.e., risk estimates) will also be discussed, 

where possible.  The following subsections present an overview of uncertainties that may be addressed in 

the risk assessment uncertainty section.  

 

5.1 Uncertainty in Data Evaluation 

This section may discuss uncertainties in the risk assessment associated with the analytical data and 

data quality.  This may also involve a discussion of uncertainty in the COPC selection process, the 

inclusion or exclusion of COPCs in the risk assessment on the basis of background concentrations, the 

uncertainty in COPC screening levels, and the omission of constituents for which health criteria are not 

available.  The discussion will be based, in part, on the evaluation in the “Data Usability Worksheet” as 

suggested in RAGS Part D (USEPA, December 2001). 

 

5.2 Uncertainty in the Exposure Assessment 

This section will include a discussion of the following: assumptions related to current and future land use; 

the uncertainty in EPCs (e.g., the use of maximum concentrations to estimate risks); uncertainty in the 

selection of potential receptors and exposure scenarios; and uncertainty in the selection of exposure 

parameters (RME vs. CTE).  If predictive models are used in the risk estimation, the uncertainty 

associated with the model and modeling parameters will be evaluated. 

 

5.3 Uncertainty in the Toxicity Assessment 

The uncertainties inherent in RfDs and CSFs and use of available criteria will be discussed.  A discussion 

of the uncertainty in hazard assessment that deals with characterizing the nature and strength of the 

evidence of causation, or the likelihood that a chemical that induces adverse effects in animals will also 

induce adverse effects in humans, will be provided.  This section will also discuss uncertainty in the dose-

response evaluations for the COPCs that relates to the determination of a CSF for the carcinogenic 

assessment and derivation of an RfD or Reference Concentration (RfC) for the noncarcinogenic 

assessment.  In addition, a discussion of the uncertainty in the toxicity of specific constituents, such as 

arsenic and chromium will be presented, if applicable. 
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5.4 Uncertainty in the Risk Characterization 

This section will discuss the uncertainty in risk characterization that results primarily from assumptions 

made regarding additivity/synergism of effects from exposure to multiple COPCs affecting different target 

organs across various exposure routes.  The risk assessment will discuss the uncertainty inherent in 

summing risks for several substances across different exposure pathways.  It should be noted that 

probabilistic risk assessment techniques may also be used to further define the uncertainty attached to 

the risk characterization results.  However, the exposure assumptions (e.g., probability distributions) used 

to prepare the probabilistic risk assessment will be reviewed with the regulatory reviewers before they are 

incorporated into the uncertainty section of the risk assessment. 



TABLE 1

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN
SITE 12 - HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

Scenario Timeframe:

Medium:

Exposure Medium:
Exposure Point:

CAS
Number Chemical

Minimum 
Concentration

(1)

Minimum
Qualifier

Maximum
Concentration

 (1)

Maximum
Qualifier Units

Location
of Maximum

Concentration

Detection
Frequency

Range of
Detection

Limits

Concentration
Used for 

Screening

Background
Value (2)

Screening
Toxicity 
Value (3)

Potential
ARAR/TBC

Value

Potential
ARAR/TBC

Source

COPC
Flag 

Rationale for
Contaminant
Deletion or 
Selection

(4)

1  Minimum/maximum detected concentration.                                                                                                                                                                                           Definitions: N/A = Not Applicable 

2  N/A - Refer to supporting information for background discussion.                                                                                                                                                                                SQL =  Sample Quantitation Limit

    Background values derived from statistical analysis.  Follow Regional guidance and provide supporting information.                                                                                               COPC = Chemical of Potential Concern

3  Provide reference for screening toxicity value.                                                                                                                                                                                                              ARAC/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

4  Rationale Codes  Selection Reason: Infrequent Detection but Associated Historically (HIST).                                                                                                                     MCL = Federal Maximum Contaminant Level

Frequent Detection (FD)                                                                                                                                                                      SMCL = Secondary Maximum Contaminant Level

Toxicity Information Available (TX0) J = Estimated Value

Above Screening Levels (ASL)                                                                                                                                                            C = Carcinogenic

                Deletion Reason: Infrequent Detection (IFD)                                                                                                                                  N =  Non-Carcinogenic

Background Levels (BKG)

No Toxicity Information (NTX)

Essential Nutrient (NUT)

Below Screening Level (BSL)



TABLE 2 
 

HUMAN HEALTH RISK ASSESSMENT 
EXPOSURE ROUTES FOR POSSIBLE QUANTITATIVE EVALUATION 

SITE 12  –  HARBOR DREDGE SPOIL AREA 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 
 

 
Receptors Exposure Routes* 

Construction Workers 
(future land use) 

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Surface and Subsurface Soil  - Inhalation of Vapor 

and Dust 
Occupational Workers 
(future land use) 

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•            Surface Soil – Inhalation of Dusts 

Recreational User/ Trespasser 
(Adult/Children)  

• Surface Soil - Dermal Contact 
• Surface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•            Surface Soil – Inhalation of Dusts 

Future Residents 
(Adult/Children)  

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•          Surface Soil – Inhalation of Dusts 

*Complete pathways dependent on exceedances of COPCs to screening criteria. 

  



TABLE 3

SUMMARY OF EXPOSURE INPUT PARAMETERS, REASONABLE MAXIMUM EXPOSURES
SITE 12  -  HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 1 OF 2

Exposure 
Parameter Construction Worker Occupational Worker

Adolescent 
Recreational 

User/Trespasser

Adult Recreational 
User/Trespasser

On-Site Child 
Resident

On-Site Adult 
Resident

All Exposures

Csoil/Csed (mg/kg) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Cgw (µg/L) Average Average NA NA Average Average

Csw (µg/L) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

ED (years) 1(2) 25(3) 10(4) 24(5) 6(5) 24(5)

BW (kg) 70(5) 70(5) 42(6) 70(5) 15(5) 70(5)

ATn (days) 42(7) 9,125(8) 3,650(8) 8,760(8) 2,190(8) 8,760(8)

ATc (days) 25,550(8) 25,550(8) 25,550(8) 25,550(8) 25,550(8) 25,550(8)

Incidental Ingestion/Dermal Contact with Soil
IR (mg/day) 330(9) 100(5) 100(5) 100(5) 200(5) 100(5)

EF-Soil (days/year) 30(10) 250(5) 26(4) 26(4) 350(5) 350(5)

FI (unitless) 1(5) 1(5) 1(5) 1(5) 1(5) 1(5)

SA (cm2/day) 3,300(11) 3,300(11) 3,280(7) 3,300(11) 2,800(11) 5,700(11)

AF (mg/cm2) 0.3(11) 0.2(11) 0.2(11) 0.2(11) 0.2(11) 0.07(11)

ABS (unitless) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11)

CF (kg/mg) 1E-06 1E-06 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil
Cair (mg/m3) calculated(9) calculated(9) calculated(10) calculated(9) calculated(9) calculated(9)

air ( g )
InhR (m3/hour) 2.5(6) 2.5(10) 1.9(7) 2.5(10) 10 m3/day(6) 20 m3/day(9)

ET (hours/day) 8(12) 8(10) 2(4) 2(4) 24(6) 24(9)

EF-Soil (days/year) 30(10) 250(5) 26(4) 26(4) 350(5) 350(5)

PEF (m3/kg) 1.27E+06(13) 1.36E+9(10) 1.36E+9(10) 1.36E+9(10) 1.36E+09(9) 1.36E+09(9)

Notes:
A Skin surface area available for contact EF          Exposure frequency
ABS       Absorption factor ET          Exposure time
AF          Soil-to-skin adherence factor EV          Event frequency
ATc         Averaging time for carcinogenic effects FI            Fraction ingested from contaminated source
ATn         Averaging time for non-carcinogenic effects InhR        Inhalation rate



TABLE 3

SUMMARY OF EXPOSURE INPUT PARAMETERS, REASONABLE MAXIMUM EXPOSURES
SITE 12  -  HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 2 OF 2

B            Bunge Model partitioning coefficient IR            Ingestion rate (soil or groundwater)
BW         Body weight Kp           Permeability coefficient from water through skin
CF          Conversion factor SA          Skin surface area available for contact
IR          Ingestion rate PEF        Particulate emission factor
Csoil/sed      Exposure concentration for soil/sediment τ             Lag time
Cgw/sw        Exposure concentration for groundwater/surface water t*            Time it takes to reach steady-state conditions
Cair             Exposure concentration for air tevent       Duration of event
ED          Exposure duration

1 - U.S. EPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.
2 - Professional judgment.
3 - U.S. EPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.6-03.
4 - Adolescents ages 7 to 16 years old.
5 - U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
6 - U.S. EPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA.
7 - IEPA, Janaury 2003.
8 - U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.
9 - U.S. EPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24.
10 - IEPA, April 2004.
11 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005.
12 - Assume an 8-hour work shift.
13 - The PEF for construction workers is calculated using the equations presented in the Supplemental Guidance For Developing Soil Screening Levels For Superfund Sites
Note: The exposure factors for future civilian and military residents are the same, except for exposure duration (ED) for adult military residents.
         Exposure duration for adult military residents is assumed to be the typical enlistment times of 6 years, for the RME and CTE.



TABLE 4

SUMMARY OF EXPOSURE INPUT PARAMETERS, CENTRAL TENDENCY EXPOSURES
SITE 12  - HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 1 OF 2

Exposure 
Parameter Construction Worker Occupational Worker

Adolescent 
Recceational 

User/Trespasser

Adult Recreational 
User/Trespasser

On-Site Child 
Resident

On-Site Adult 
Resident

All Exposures

Csoil/Csed (mg/kg) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Cgw (µg/L) Average Average NA NA Average Average

Csw (µg/L) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

ED (years) 1(2) 9(3) 10(4) 7(3) 2(3) 7(3)

BW (kg) 70(3) 70(3) 42(5) 70(3) 15(3) 70(3)

ATn (days) 42(6) 3,285(7) 3,650(7) 2,555(7) 730(7) 2,555(7)

ATc (days) 25,550(7) 25,550(7) 25,550(7) 25,550(7) 25,550(7) 25,550(7)

Incidental Ingestion/Dermal Contact with Soil
IR (mg/day) 165(8) 50(9) 50(9) 50(9) 100(8) 50(8)

EF-Soil (days/year) 30(9) 219(3) 13(4) 13(4) 234(3) 234(3)

FI (unitless) 1(3) 1(3) 1(3) 1(3) 1(3) 1(3)

SA (cm2/day) 3,300(10) 3,300(10) 3,100(6) 3,300(10) 2,800(10) 5,700(10)

AF (mg/cm2) 0.1(10) 0.02(10) 0.04(10) 0.02(10) 0.04(10) 0.01(10)

ABS (unitless) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10)

CF (kg/mg) 1E-06 1E-06 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil
Cair (mg/m3) calculated(11) calculated(11) calculated(11) calculated(11) calculated(11) calculated(11)

air ( g )
InhR (m3/hour) 2.5(5) 1.5(6) 1.2(6) 1.5(6) 10 m3/day(5) 20 m3/day(11)

ET (hours/day) 4(8) 4(9) 1(9) 1(9) 24(5) 24(11)

EF-Soil (days/year) 30(9) 219(3) 13(4) 13(4) 234(3) 234(3)

PEF (m3/kg) 1.27E+06(12) 1.36E+09(11) 1.36E+9(11) 1.36E+9(11) 1.36E+09(11) 1.36E+09(11)

Notes:
A Skin surface area available for contact EF          Exposure frequency
ABS       Absorption factor ET          Exposure time
AF          Soil-to-skin adherence factor EV          Event frequency
ATc         Averaging time for carcinogenic effects FI            Fraction ingested from contaminated source
ATn         Averaging time for non-carcinogenic effects InhR        Inhalation rate
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B            Bunge Model partitioning coefficient IR            Ingestion rate (soil or groundwater)
BW         Body weight Kp           Permeability coefficient from water through skin
CF          Conversion factor SA          Skin surface area available for contact
IR          Ingestion rate PEF        Particulate emission factor
Csoil/sed      Exposure concentration for soil/sediment τ             Lag time
Cgw/sw        Exposure concentration for groundwater/surface water t*            Time it takes to reach steady-state conditions
Cair             Exposure concentration for air tevent       Duration of event
ED          Exposure duration

1 - U.S. EPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.
2 - Professional judgment.
3 - U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
4 - Adolescents ages 7 to 16 years old.
5 - U.S. EPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA.
6 - IEPA, Janaury 2003.
7 - U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.
8 - Central tendency exposure is assumed to be one-half the reasonable maximum exposure value.
9 - IEPA, April 2004.
10 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005.
11 - U.S. EPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24.
12 - The PEF for construction workers is calculated using the equations presented in the Supplemental Guidance For Developing Soil Screening Levels For Superfund Site
Note: The exposure factors for future civilian and military residents are the same, except for exposure duration (ED) for adult military residents.
         Exposure duration for adult military residents is assumed to be the typical enlistment times of 6 years, for the RME and CTE.
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FIGURE 6-1

HUMAN HEALTH CONCEPTUAL SITE MODEL
SITE 12 - HARBOR DREDGE SPOIL AREA
NAVAL STATION GREAT LAKES, ILLINOIS

SOURCE
RELEASE 

MECHANISM

POTENTIAL 
SECONDARY 

SOURCE

POTENTIAL 
TRANSPORT 

PATHWAY EXPOSURE ROUTE

Dermal Contact
Ingestion
Inhalation

Dermal Contact
Ingestion
Inhalation

Fu
tu

re
 C

hi
ld

 R
es

id
en

ts

C
on

st
ru

ct
io

n 
W

or
ke

rs

O
cc

up
at

io
na

l W
or

ke
rs

R
ec

re
at

io
na

l U
se

rs

Tr
es

pa
ss

er
s

Fu
tu

re
 A

du
lt 

R
es

id
en

ts

Direct Contact
Surface

Soil  (0 to 2 ft 
bgs)

Direct Contact 

Dredging of 
Sediments/

Placement of Fill

Subsurface 
Soil

Historic Dredge 
Spoils from 
NSGL Inner 

Harbor System

POTENTIAL   
RECEPTORS

 = COMPLETE EXPOSURE PATHWAY

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure.
A complete exposure pathway requires a source, a route of contaminant transport, and an exposure or contact point for a human receptor.  If one of these is lacking, the exposure pathway is 
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built), and the exposure pathway for future residents would be complete and would then be evaluated in the risk assessment under future land use.
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METALS DIGESTION/PREPARATION 
 

References: 
Methods 3005A/USEPA CLPILM0 4.1 Aqueous, 3010A, 3030C, 3031, 3050B 
USEPA CLPILM0 4.1 (Soil/Sediment), 200.7, Standard Methods 3030C 

See Addendum for USEPA CLPILM 05.2 (Aqueous & Soil/Sediment) 
 
 

I. SCOPE AND APPLICATION 
 

A. AQUEOUS 
 

1. Method 3005A and USEPA CLP ILM0 4.1, "Acid Digestion of Waters for 
Total Recoverable or Dissolved Metals for Analysis by ICP 
Spectroscopy". 

 
a. This method is used to prepare surface water, ground water, drinking 

water and wastewater samples for analysis by inductively coupled 
argon plasma spectroscopy (ICP). 

 
2. Method 200.7, "Determination of Metals and Trace Metals in Water and 

Wastes by Inductively Coupled Plasma-Atomic Emission Spectrometry" 
 
a. This method is used to prepare surface water, ground water, drinking 

water and wastewater samples for analysis by inductively coupled 
argon plasma spectroscopy (ICP). 

 
3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for 

Total Metals for Analysis by ICP Spectroscopy". 
 

a. This method is used to prepare aqueous samples, EP and mobility-
procedure extracts, and wastes that contain suspended solids for 
analysis by ICP.  The procedure is used to determine total metals.   

 
4. Method 3030C (Standard methods), "Preliminary Treatment for Acid-

Extractable Metals". 
 

a. This method is used to prepare ground water samples from North 
Carolina for analysis by ICP. 
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B. SOLIDS 
 
1. Method 3050B, "Acid Digestion of Sediments, Sludges and Soils". 

 
a. This method is used to prepare sediments, sludges and soil samples for 

analysis by ICP.  Since certain matrices may result in poor recovery, 
the method of standard additions may be used when analyzed. 

 
b. It should be noted that some metals could be biased high with the soil 

digestion when dilution is necessary.  Take necessary measures to 
ensure that dilutions are made as accurately as possible. 

 
  

2. USEPA CLP ILM0 4.1, “Acid Digestion of Soil/Sediment” 
 

a. This method is used to prepare sediments and soil samples for analysis 
by ICP.  Since certain matrices may result in poor recovery, the 
method of standard additions may be used when analyzed. 

 
C. OILS 

 
1. Method 3031, "Digestion Procedure for Oils". 

 
a. This method is used to prepare samples containing oils, greases or 

waxes for analysis by inductively coupled argon plasma emission 
spectroscopy (ICP). 

 
D. NOTES: 

 
1. "Total Metals" includes all metals, inorganically and organically bound 

and both dissolved and particulate. 
 
2. "Dissolved metals" includes all metals present in a sample after filtration 

through a 0.45 micron filter followed by digestion. 
 
II. SUMMARY OF METHODS 
 

A. A representative sample of water, soil or oil is put into an acid medium and 
exposed to heat for a certain amount of time.  This allows for reduction of 
interferences by organic matter and converts metals bound to particulates to 
form the free metal that can be determined by ICP-Atomic Emission 
Spectrometry.  

NOTE:  When a reporting limit is required for a project lower then is customary, 
a four times concentration must be used in order to reach that lower level.  Care 
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must be taken to matrix match this concentrated aliquot.  A blank and laboratory 
control sample (at a reduced concentration) are required with this concentration.  
A matrix spike ( not at reduced concentration) and duplicate or matrix spike and 
matrix spike duplicate is needed per 20 samples or per batch.  

 
 
 
 
III. SAMPLE HANDLING AND PRESERVATION 
 

A. AQUEOUS 
 

1. Samples are taken in high density polyethylene, one liter bottles.  Samples 
should be preserved with concentrated HNO3 to a pH <2 immediately 
once sampled.  If dissolved metals are to be analyzed the sample should be 
filtered before the HNO3 is added.  The samples should be maintained at 
4°C until analysis.  The holding time for metals samples is 180 days or 
approximately 6 months. 

 
B. SOLIDS 
 

1. Samples are taken in high density polyethylene(CLP only) or glass bottles.  
The samples should be maintained at 4°C until analysis.  The holding time 
for metals samples is 180 days or approximately 6 months. 

 
C. OILS 

 
1. Samples are taken in high density polyethylene bottles.  The samples 

should be maintained at 4°C until analysis.  The holding time for metals 
samples is 180 days or approximately 6 months. 

 
IV. INTERFERENCES 
 

A. AQUEOUS 
 
1. Method 3005A and USEPA CLPILM0 4.1, "Acid Digestion of Waters for 

Total Recoverable or Dissolved Metals for Analysis by ICP 
Spectroscopy", SW846, July, 1992. 

 
a. This digestion procedure may not be sufficiently vigorous to destroy 

some metal complexes. 
 

2. Method 200.7 
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3. Method 3010A 
 

a. See method 6010B. 
 
 

 
B. SOLIDS 
 

1. Method 3050B 
 

a. Sludge samples can contain diverse matrix types, each of which may 
present its own analytical challenge.  Spiked samples and any relevant 
standard reference material should be processed to aid in determining 
whether this method is applicable to a given waste. 

 
2. USEPA CLP ILM0 4.1 

 
a. Sludge samples can contain diverse matrix types, each of which may 

present its own analytical challenge.  Spiked samples and any relevant 
standard reference material should be processed to aid in determining 
whether this method is applicable to a given waste. 

 
C. OILS 
 

1. Method 3031 
 

a. These digestates can have very high dissolved solids, which may 
necessitate the use of internal standards, dilutions, or the method of 
standard addition. 

 
V. SAFETY 
 

A. Normal accepted laboratory safety practices should be followed while 
performing this analysis. 

 
B. Be certain the exhaust hood is functioning before you begin the digestion 

procedure. 
 
C. Hot acids can be extremely corrosive.  Avoid inhalation or contact with skin. 

 
VI. EQUIPMENT/APPARATUS 
 

A. Fume hood,  Labconco or equivalent. 
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B. Hot plate, Thermolyne cimarec-3 or equivalent source for use at 95°C.  The 
temperature of the hot plate must be monitored via the use of a temperature 
blank. 

 
C. Thermometer capable of reading 80 to 120 degrees C – ERTCO cat# 611-3-

SC or  equivalent. 
 

D. Vacuum pump for filtering dissolved metals- Gast or equivalent. 
 
E. Analytical balance capable of weighing to 0.01 gram.  Mettler model BB300 

or equivalent. 
 
F. Beckman CS-6R centrifuge. 

 
G. Various class A volumetric glassware and ribbed watchglasses,  Pyrex or 

equivalent. 
 

H. Whatman No. 41 filter paper or equivalent. 
 

I. Whatman No. 42 filter paper or equivalent. 
 

J. Whatman 0.45 micron filter paper or equivalent. 
 

K. 250 mL beaker or other appropriate vessel such as polypropylene block 
digester tubes, watch glasses and caps.  

 
L. Stirring device, e.g. magnetic stirrer, glass rod or equivalent. 

 
M. Manual Sample Mill 

 
N. Wiley Sample Mill 

 
O. Clippers for cutting vegetation 

 
NOTE:   All  glassware should be acid washed. 
 

 
VII. REAGENTS AND STANDARD PREPARATION 
 
 

A. REAGENTS 
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1. Metals grade Nitric acid (HNO3). Reagent should be analyzed to 
determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
2. Metals grade Hydrochloric acid (HCl). Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
3. 30% hydrogen peroxide reagent, ACS Grade.  Reagent  should be 

analyzed to determine level of impurities.  If method blank is <MDL, then 
the reagent can be used. 

 
4. Metals grade Sulfuric acid (H2SO4).  Reagent  should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
5. Reagent water (Deionized water). 
 
6. Potassium Permanganate - Ultra pure grade.  Reagent  should be analyzed 

to determine level of impurities.  If method blank is <MDL, then the 
reagent can be used. 

 
7. Ammonium hydroxide, concentrated, reagent grade.  Reagent should be 

analyzed to determine level of impurities.  If method blank is <MDL, then 
the reagent can be used. 

 
8. Ammonium phosphate, reagent grade- Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
9. Base oil, analyte-free.  Oil should be analyzed to determine level of 

impurities.  If method blank is < MDL, then the reagent can be used. 
 
B. STANDARDS 
 

1. Traceability 
 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 
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b. All working standards made from reference materials shall be labeled 
with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, 
expiration date and the logbook where information is recorded.  
Reagents shall be labeled with date received and expiration date, if 
applicable.  All of the information described above shall also be 
recorded in a bound logbook.  Measurements made during standards 
preparation (e.g., from weighing operations, volume diluted to, etc.)  
shall also be recorded.  There should be no container with sample, 
sample extract, standard solution, etc. that is not correctly labeled and 
properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
2. PREPARATION 

 
A. Laboratory control sample 
 

1. Aqueous 
 
a. This solution is prepared as follows:  50 mL concentrated HCl, 

20 mL concentrated HNO3, 1 mL of CLP-CAL-1, Solution A, 1 
mL of CLP-CAL-1 Solution B, 0.25 mL of CLP-CAL-2, and 0.25 
mL of CLP-CAL-3 diluted to 1 L in a volumetric flask.  Use 50 
mL (100 mL for strict CLPIlM0 4.1) for digestion.  This solution is 
given a unique identifier and recorded in sample digestion 
logbook. 

 
b. For four times concentrated samples: The solution is prepared as 

follows:  50 mL concentrated HCl, 20 mL concentrated HNO3, 
1mL CLPP-SPK-4 (Inorganic Ventures) (This solution contains 10 
mg/L Selenium, 100 mg/L Antimony, 50 mg/L Cadmium and 
Thallium, 40 mg/L Arsenic and 20 mg/L Lead) to 1 L in a 
volumetric flask.  This solution is given a unique identifier.  Use 
12.5 mLs to 50 mLs and prepare two aliquots.  Heat at 90 to 95°C 
to reduce the volume in each vessel to ten mLs and then combine 
each 10 mL aliquot into one vessel and take to a final volume of  
25 mLs.  Take care to matrix match acids so that the final 25 mL 
portion will contain 2% HNO3 and 5% HCl. Use 0.125 mLs HNO3  
and 0.3125 mLs HCl to each 50 mL vessel. 
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2. Solids 
 

a. A 1.0 ±0.02 gram aliquot of teflon chips is weighed and spiked 
using the same spiking solution used for matrix spikes. This sample is 
given a unique identifier according to the Lot# for the teflon chips 
used and when digested is given the descriptor. i.e. LCSS(date)A and 
then B etc. plus the unique identifier number assigned. Alternatively a 
solid matrix standard reference material is obtained from the 
manufacturer.  This sample is given a unique identifier and recorded in 
the sample digestion logbook. 

  
3. Oils 
 
a. An analyte free oil MUST be used or explosive reactions can 
occur.  An analyte free oil (wesson oil which has been analyzed 
previously to prove that it is < MDL.) is spiked using the same spiking 
solution used for matrix spikes.  This sample is given a unique 
identifier. i.e. LCSO(date)A and then B etc. 

 
B. Spiking solution 

 
1. Sample is spiked using 0.1 mL of CLP-CAL-1, Solution A, 0.1 mL 

of CLP-CAL-1 Solution B, 0.025 mL of CLP-CAL-2 and 0.025 
mL of CLP-CAL-3 for a final volume of 100 mL.  If only 50 mL is 
used, decrease amount used appropriately.  These solutions are 
given unique identifiers. Record the amount spiked and the unique 
identifier of the standard. 

 
2. CLP sample is spiked using 0.1 mL CLPP-SPK-1 and 0.1 mL 

CLPP-SPK-4 for a final volume of 100 mL. If only 50 mL is used, 
decrease amount used appropriately. These solutions are given 
unique identifiers. 

 
3. For samples that require four times concentration, the sample is 

spiked using 0.0125 mLs of CLPP-SPK-4 to each of two vessels 
with 50 mLs of sample in each.  The volume of each of the vessels 
is lowered to less then 10 mLs and  combined and the final volume 
of this concentrated sample is 25mLs.    

 
VIII. CALIBRATION 
 

A. The temperature of the samples must be maintained at 95°C and monitored 
via a temperature blank.  85° for oil samples.  Record in digestion logbook. 
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IX. PROCEDURE 

 
A. Glassware preparation for oil digestion or when the hot-block can not be used: 

 
1. Wash glassware with hot soapy water and rinse thoroughly.  (Beakers 

must be washed as soon as possible after being used, dirty beakers must 
not be allowed to sit overnight.) 

 
2. Rinse glassware with reagent water that contains 5% HNO3 and 5% HCl 

followed by a rinse with reagent water. 
 
3. Prior to use, all glassware must be confirmed clean via a glassware check.  

Otherwise, repeat step "2" until the glassware check passes. 
 
 
B. Aqueous sample filtration (for dissolved metals): 

 
1. Thoroughly clean a flask and funnel with hot soapy water.  Next, rinse the 

flask and funnel with 1:5 HNO3 followed by a thorough D.I. water 
rinsing.  This step is very important because the filters contain some 
metals (namely Zn) which could contaminate the samples. 

 
2. Rinse a 0.45 micron filter with 1:5 HNO3 thoroughly, followed by D.I. 

water. 
 

3. Filter the unpreserved sample.  If dissolved Hg analysis is requested for 
the sample, filter at least 200 mL. 

 
4. Discard the first 50 to 100 mL. 
 
5. A preparation blank must be taken through the filtration step and analyzed 

with the sample. 
 

6. Preserve the sample with HNO3 to pH<2. 
 
7. Soluble samples that are clean and clear do not have to be digested.  Use 

100 mL sample, add 5 mL of concentrated HCl and 2 mL of concentrated 
HNO3.  Samples must be digested unless approval for analysis without 
digestion is received from the project manager. 

 
C. Aqueous sample preparation 
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1. Method 3005A and USEPA CLP ILM0 4.1, "Acid digestion procedure 
for total recoverable or dissolved metals for analysis by ICP ".  

 
a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into a digestion vessel.  For samples which require concentration pour 
50 mLs of the well-mixed sample into two digestion vessels. 

 
b. Add 0.50 mL ( 1 mL of (1+1) when strict CLP ILM0 4.1 is required) 

concentrated HNO3 to the sample. For samples which require 
concentration, add 0.125 mL (0.25 mL of (1+1) when strict CLP ILM0 
4.1 is required) concentrated HNO3 to the sample. 

 
c. Add 2.5 mL ( 5 mL of 1+1) when strict CLP ILM0 4.1 is required) 

concentrated HCl to the sample.  For samples which require 
concentration, add 0.3125 mL (0.625 mL of (1+1) when strict CLP 
ILM0 4.1 is required) concentrated HCl to the sample. 

 
d. Cover the sample with a ribbed watch glass or equivalent source. 
 
e. Transfer the digestion vessel to a pre-heated hot plate or hot block  at 

90 to 95°C.  A temperature blank will assure correct temperature.  The 
temperature must be recorded in the digestion log book.  Take the 
volume down to between 5 to 10 mL, ( 12 to 25 mLs when strict CLP 
ILM0 4.1 is required) making certain that the sample does not boil.  
This is extremely important.  Boiling may lead to vaporization of 
certain analytes. Remove the sample from the hot plate and cool 

 
f. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration. 

 
g. Bring sample to its predigestion volume ( or when samples require 

concentration, to a volume four times lower then what was started 
with) with DI water in the digestion vessel.  The final volume must be 
recorded in the digestion log book. 

 
h. The sample is now ready for analysis. 
 
i. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards plus identification #'s for 
standards used for spiking and the volume spiked into the sample. 

 
2 Method 200.7, "Acid digestion procedure for total recoverable metals".  
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into the digestion vessel.  If sample contains undissolved solids >1% 
refer to Section 11.3 of Method 200.7 for subsequent procedures. 

 
b. Add 1.0 mL concentrated HNO3 to the sample. 
 
c. Add 2.50 mL concentrated HCl to the sample. 
 
d. Cover the sample with a ribbed watch glass or equivalent source. 
 
e. Transfer the digestion vessel to a pre-heated hot plate or equivalent 

source at 85°C.  Take the volume down to between 10 to 15 mL, 
making certain that the sample does not boil.  This is extremely 
important.  Boiling may lead to vaporization of certain analytes.  

 
f. Leave sample on hot plate and gently reflux for 30 minutes.  Remove 

from hot plate and cool. 
 

g. Bring sample to its predigestion volume with DI water in the digestion 
vessel. 

 
h. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
i. The sample is now ready for analysis. 
 
j. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for 

Total Metals for Analysis by ICP Spectroscopy".   
 

a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 
into the digestion vessel. 

 
b. Add 1.5 mL concentrated HNO3 to the sample. 
 
c. Cover the sample with a ribbed watch glass. 
 
d. Transfer the digestion vessel to a pre-heated hot plate or hot block at 

90 to 95°C.  A temperature blank must be used, with the temperature 



 EMPIRICAL LABORATORIES, LLC             SOP-100 
             Revision: 19 
             Date:  7/25/06 
             Page 13 of 25 

\\BCNSH02\KLAB\SOP'S\SOP-100 Rev 19.doc 

being recorded in the log book.  Take the volume down to a low 
volume (~5 mL), making certain that the sample does not boil.  
This is extremely important.  Boiling may lead to vaporization of 
certain analytes.  Also make certain that no portion of the bottom 
of the digestion vessel is allowed to go dry.  This may lead to low 
recoveries.  Remove the sample from the hot plate and cool. 

 
e. Add another 1.5 mL portion of concentrated HNO3 to the sample. 
 
f. Cover the sample with a ribbed watch glass. 
 
g. Transfer the vessel to the hotblock or equivalent source.  Increase the 

temperature so a gentle reflux occurs.  Continue heating, adding 
additional acid as necessary, until the digestion is complete (generally 
indicated when the digestate is light in color or does not change in 
appearance with continued refluxing). 

 
h. Uncover the vessel and evaporate to a low volume (~3 mL) making 

certain that no portion of the bottom of the digestion vessel is 
allowed to go dry.  Remove and cool. 

 
i. Add 2.5 ml of 1:1 HCl (10 mL/100 mL of final solution). 
 
j. Cover the digestion vessel and reflux for an additional 15 minutes. 
 
k. Bring sample to its predigestion volume in digestion vessel. 
 
l. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
Note: When preparing USACE project samples, if any sample in a 

digestion batch requires filtration, all samples (including QC 
samples) must be treated in the same manner. 

 
m. The sample is now ready for analysis. 
 
n. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
4 Method 3030C (Standard Methods), "Preliminary treatment for Acid-

Extractable Metals" 
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 
into a 50 mL digestion vessel. 

 
b. Add 2.5 mL 1:1 HCl to the sample. 
 
c. Heat 15 minutes in a hot bath. 
 
d. Filter through a membrane filter. 

 
e. Adjust filtrate volume to 50 mL with DI water. 

 
f. Transfer to ICP analyst. 

 
 
D. Solid sample preparation 

 
It is extremely important that waste (when appropriate), soil and sediment 
samples be mixed thoroughly to ensure that the sample is as representative as 
possible of the sample media.  The most common method of mixing is referred 
to as quartering.  The quartering procedure should be performed as follows: 
 
• The material in the sample pan(inorganic-plastic/organic-aluminum)  

should be divided into quarters and each quarter should be mixed 
individually. 

• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

                  
                 This procedure should be repeated several times until the sample is adequately 

mixed. 
 
NOTE:  Samples that are clay type materials should be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to 
most anything that touches it, another approach must be followed.  Obtain 
a representative sub-sample aliquot from the center or middle section of 
the sample container. 

                 Grinding of Vegetation Samples 
 
                 Remove sample from shipping container and brush off dirt particles. Chop              

sample into about half inch pieces with clippers or other cutting tool. Place the 
sample in an aluminum pan and air-dry in an exhaust hood to the appropriate 
dryness for grinding. It should be dry enough where it won’t stick to the inside 
of the mill. Grind the dried sample to fineness in either the manual sample mill 
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or the Wiley mill or both if needed. Place the ground sample in a container and 
label immediately.  
 
1. USEPA CLP ILM0 4.1, "Acid digestion of Soil/Sediment" 

 
a. Mix the sample thoroughly to achieve homogenity.  For each digestion 

procedure, weigh (to the nearest 0.01 g) a 1.0 to 1.5 g portion of 
sample and transfer to a digestion vessel. 

 
 
b. Add 10 mL of 1:1 nitric acid (HNO3), mix the slurry, and cover with a 

watch glass or equivalent source.  Heat the sample to 92 to 95°C and 
reflux for 10 minutes without boiling.  Allow the sample to cool, add 
5.0 mL of concentrated HNO3, replace with watch glass or equivalent 
source, as appropriate, and reflux for 30 minutes.  Do not allow the 
volume to be reduced to less than 5 mL while maintaining a covering 
of solution over the bottom of the heating vessel. 

 
c. After the second reflux step has been completed and the sample has 

cooled, add 2 mL of Type II water and 3.0 mL of 30% hydrogen 
peroxide (H2O2).  Return the heating vessel to the hot plate or 
equivalent heating source for warming to start the peroxide reaction.  
Care must be taken to ensure that losses do not occur due to 
excessively vigorous effervescence.  Heat until effervescence subsides, 
and cool the heating vessel. 

 
d. Continue to add 30% H2O2 in 1 mL aliquots with warming until the 

effervescence is minimal or until the general sample appearance is 
unchanged.  (NOTE:  Do not add more than a total of 10 mL 30% 
H2O2.) 

 
e. If the sample is being prepared for ICP analysis of Al, As, Sb, Ba, Be, 

Ca, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, K, Se, Ag, Na, Tl, V, and Zn, 
add 5 mL of 1:1 HCl and 10 mL of Type II water, return the covered 
heating vessel to the hot plate or equivelent heating source, and heat 
for an additional 10 minutes.  After cooling, filter through Whatman 
No. 42 filter paper (or equivalent) and dilute to 50 mL with Type II 
water.  NOTE:  In place of filtering, the sample (after dilution and 
mixing) may be centrifuged or allowed to settle by gravity overnight to 
remove insoluble material.  Dilute the digestate to 144 mL with DI 
water, add 5 mLs concentrated HCl and 1 mL of  concentrated HNO3, 
mix well and place into the appropriate container.  The diluted sample 
has an approximate acid concentration of 2.5% (v/v) HCl and 5% (v/v) 
HNO3. The sample is now ready for analysis. 
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f. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards and  ID of matrix spikes 
and the amounts used for spiking. 

 
2. Method 3050B, “Acid digestion of Sediments, Sludges and Soils” 

 
a. Mix the sample thoroughly for 5 minutes using a plastic spatula or 

Teflon coated spatula in a glass or plastic weigh boat to achieve 
homogeneity. 

 
b. Weigh approximately (to the nearest 0.01 g) a 1 to 1.5 g portion of the 

sample directly into a digestion vessel.  For samples with low percent 
solids a larger sample size may be used as long as digestion is 
completed.  Record the exact mass in the digestion log. 

 
NOTE:  To achieve the lowest reporting limit possible,  use a 2.0 g 
portion of sample with an ending volume of 100 mLs.  
 

 
c. Add 5 mL D.I. water and 5 mL concentrated HNO3(1:1), mix the 

slurry and cover with a watch glass.  Place the sample in a preheated 
hot block and reflux at 95°C for 10 to 15 minutes being certain that the 
sample does not boil.  Record temperature in  digestion log book 

 
d. Allow the sample to cool.  Add 5 mL concentrated HNO3, replace the 

watch glass and heat/reflux again for 30 minutes.  If brown fumes are 
generated, indicating oxidation of the sample by HNO3, repeat this 
step (addition of 5 mL of concentrated HNO3) over and over until no 
brown fumes are given off by the sample indicating the complete 
reaction with HNO3.  Using a watch glass or equivalent allow the 
solution to evaporate to approximately 5 mL without boiling at 95°C + 
5°C for approximately two hours.  Maintain a covering of solution 
over the bottom of the vessel at all times. Do not allow the volume to 
be reduced to less than 5 mL while maintaining a covering of solution 
over the  bottom of the beaker.  If the volume does get low, add 2.5 
mL of D.I. water to bring volume back up. 

 
e. Take the sample off the hot block and allow it to cool.  Next, add 2 mL 

of D.I. water and 3 mL of 30% Hydrogen Peroxide.  (The sample will 
bubble upon the addition of H2O2 if it is still warm.)  Cover the vessel 
with a watch glass and return the sample to the hot block or equivalent 
source and heat until the bubbling subsides.  Care must be taken to 
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ensure that losses do not occur due to excessively vigorous 
effervescence.  Heat until effervescence subsides and cool the beaker.  
Add two more 3 mL portions of H2O2 to the sample in the same 
manner as before.  (NOTE:  Do not add more than a total of 10 mL 
30% H2O2.) 

 
f. Cover the sample with a ribbed watch glass and continue heating the 

acid-peroxide digestate at 95°C + 5°C without boiling for 
approximately two hours until the volume has been reduced to 
approximately 2.5 mL.  Maintain covering of solution over the bottom 
of the vessel at all times. 

 
g. Add 2.5 mL of DI water and 2.5 mL of concentrated HCl  and 10 mL 

of DI water, cover the sample with a ribbed watch glass and continue 
refluxing for an additional 10 minutes without boiling 

 
h. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
i. Bring sample up to 50 mL with D.I. water in the vessel. Add 150 ml of 

DI water to a 250 ml sample bottle. Invert the 50 ml sample digestion 
vessel several times to mix the sample and pour sample into the 150 
ml of the sample bottle. Pour some sample back into the 50 ml sample 
digestion vessel to rinse and pour back into the 250 ml sample bottle 
and cap and mix. 

 
NOTE1: When preparing USACE project samples, if any sample in 

a digestion batch requires filtration , all samples (including 
QC samples) must be treated in the same manner. 

 
NOTE2: To achieve the lowest reporting limit possible use 2.0 

grams of sample with an ending volume of 100 mLs. 
 

j. The sample is now ready for analysis. 
 
k. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 
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E. Oils 
 

1. Method 3031, "Digestion Procedure for Oils" 
 

NOTE: THIS METHOD IS VERY TIME CONSUMING-- 
DISCUSS SUB-CONTRACTING SAMPLES WITH 
YOUR SUPERVISOR AS SOON AS THEY COME IN 
THE DOOR. 

 
     a. Homogenize sample and Weigh approximately (to the nearest 0.01 g) 

a 0.5 g representative portion of the sample into a 250 mL beaker.  
Separate and weigh proportional aliquots of the phases if more than 
one phase is present.  Record the exact mass in the digestion log.  
Larger or smaller sample sizes can be used if needed. 
 

g. Add 0.5 g of potassium permanganate powder.  If larger sample sizes 
are used, increase the amount of potassium permanganate so that the 
ratio of oil to postassium permanganate is still  1:1.   Mix the oil and 
permanganate thoroughly until homogenous.  Thick oils and tars that 
cannot be mixed should be heated to achieve mixing (the oil may react 
mildly).  It is important to record the amount of potassium 
permanganate used for each sample if analysis is by ICP-AES and 
correction is to be made for the amount of manganese.  If more than 
10% of the sample is aromatic material, such as xylene, then the 
reaction will be incomplete.  If this is the case, increase the amount of 
potassium permanganate.  If the sample is a mixture of oil and other 
non-organic materials, reduce the amount of potassium permanganate. 

 
NOTE:  All steps requiring the use of acids should be conducted under 
a fume hood by properly trained personnel using appropriate 
laboratory safety equipment.  This should include face shields and 
latex gloves. 

 
h. Cautiously add 1.0 mL concentrated H2SO4, and stir with an 

appropriate stirring device. If larger sample sizes are used, increase the 
volume of the sulfuric acid so that the ratio of oil to sulfuric acid is 1 g 
to 2 mL.  The H2SO4 can be added dropwise or all at once, depending 
on analytical needs.  (Generally, dropwise is preferred when low 
reporting limits are needed.) 
 
NOTE:  To prevent a strong exothermic reaction, H2SO4 should be 
added dropwise to all samples unfamiliar to the analyst and to all 
samples that are known to be highly reactive. 
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The reaction can take several seconds to begin, but when it occurs it 
will be very quick, vigorous, and exothermic.   Generally larger 
sample sizes will react faster than smaller.  Likewise, lower average 
molecular weight materials will react faster than heavier.  Do not be 
mislead by an initial lack of reactivity.  A grey-white vapor will be 
ejected from the beaker (SO3) and splattering and bubbling can occur.  
The beaker will become very hot.  This step is complete when no more 
gases are given off  and the sample would be a thick black lumpy 
paste.  Allow the beaker to cool as needed. 
 
NOTE:   Care must be taken when working with very light organic 
materials, such as diesel fuels, as they may flash.  Generally, the lower 
the average molecular weight of the meterial correlates to a greater 
danger of flashing.  The danger of flashing is reduced by adding the 
sulfuric acid dropwise. 
 
NOTE:    If more than 10% of the sample is aromatic material, such as 
xylene, only a little grey-white vapor will form.  This will reduce 
accuracy and complicate nebulization.  If there is a signigicant amount 
of non-hydrocarbon material, a sputtering recation will occur and 
black MnO2 particulates will be given off.  See section (b.) above 
under procedure. 
  

 
i. Add 2 mL of concentrated HNO3 and stir.  This reaction will be 

slightly exothermic.  If larger sample sizes are used, it is not always 
necessary to increase the volume of HNO3  proportionately, depending 
on analytical needs.  Some reddish-brown vapor (NO2) may be given 
off.   Allow the reaction to continue until complete, that is when the 
digestate no longer gives off fumes.  Allow the beaker to cool as 
needed. 

 
j. Add 10 mL of concentrated HCl  and stir.  If larger sample sizes are 

used, it is not always necessary to increase the volume of HCl 
proportionately, depending on analytical needs.  This reaction will be 
slightly exothermic and gas formation and foaming will occur.  Lighter 
oils will foam more than will heavier oils.  If excess foaming occurs, 
add water to prevent sample loss.  Allow the beaker to cool as needed. 

 
k. Heat the beaker until there is no further gas evolution. (temperature 

should not exceed 150 °C to prevent volatilization).  There may be 
additional foaming or other milder reactions which may result in 
overflow from the beaker.  If excess foaming occurs, either remove the 
beaker from the heating source until foaming subsides or add 
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sufficient water to prevent overflow.  The final digestate should be a 
clear yellow liquid with black or dark reddish-brown particulates.  

 
l. Filter the digestate through Whatman 41 filter paper and collect filtrate 

in a volumetric flask or beaker. 
 

m. Wash the digestion beaker and filter paper, while still in the funnel, 
with no more than 5 mL of hot HCl. 

 
NOTE:  The purpose of this next step is to recover antimony, barium, 
and silver that may not have been completely solubilized.  If the 
sample is not being prepared for these analytes, the next step may be 
skipped.  
  

n. (Optional) After having washed the filter paper, remove the filter and 
residue from the funnel  and place it back in the beaker.  Add 5 mL of 
conc. HCl and place the beaker back on the heating source until the 
filter paper dissolves (temperature should not exceed 150 °C ±5 °C to 
prevent volatilization).  Remove the beaker from the heating source 
and wash the cover and sides with reagent grade water and then filter 
the residue and collect the filtrate in the same flask or beaker as in 
sections f. and g. above.  Allow the filtrate to cool and quantitatively 
transfer to a volumetric flask.  Bring to volume. 

 
o. (Optional) If the filtrate is collected in a beaker, the filtrate can be 

heated again to drive off excess HC1.  This can reduce matrix effects 
in sample introduction (temperature should not exceed 150 °C ± 5 °C 
to prevent volatilization).   When sufficient HCl has been removed, 
remove the beaker from the heating source, allow to cool, and then 
transfer the contents to a volumetric flask and bring to volume.  
However, if too much HCl is removed, barium, silver and antimony 
can be lost. 

 
p. Analyze the flitrate by  ICP-AES.  Depending on the final volume 

selected, the total solids in the digestate may be high enough to cause 
nebulization problems.  Problems due to high dissolved solids may be 
corrected by 1) following optional Section i.,  2) using internal 
standards, 3) using flow injection analysis, or 4) using other matrix 
correction procedures. 
 
Manganese Removal Steps     
 
NOTE:  The purpose of these next steps is to remove the manganese in 
the digest by precipitating  it as manganese ammonium phosphate 
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under alkaline conditions.  Elements that do not form insoluble 
phosphates, such as arsenic, are filtered out and can be analyzed at 
lower concentrations. 

 
q. Take the digestate, or portion of digestate and reduce the volume to 

remove as much HCl as possible without going below 10 mL.   Then 
add conc. NH4OH until pH is 7 or greater.  For most matrices, the 
digestate will change colors (often from yellow to brown) at pH 7.  A 
mild exothermic reaction will occur immediately. 

 
r. Add at least 2 g ammonium phosphate for each 1 g of potassium 

permanganate used in the digestion and stir.  An excess of phosphate is 
needed for good analyte recovery.  Then add enough water and mix to 
ensure maxium precipitation.  A pink or yellow silky amorphous 
precipitate, manganese ammounium phosphate, will form.  If too much 
NH4OH is used some of the manganese ammonium phosphate can be 
solubilized.  Stir until precipitation is complete.  Some ammonium 
phosphate may remain unreacted at the bottom of the beaker. 

 
s. Filter the digestate through Whatman 41 filter paper (or equivalent) 

and collect filtrate in a volumetric flask or beaker. 
 

t. Heat the filtrate to volatilize the ammonia (temperature should not 
exceed 150 °C ± 5 °C to prevent volatilization).  The volume of filtrate 
can be reduced by heating to no less thatn 10 mL.  If too much water is 
removed ay ammonium chloride formed will solidify.  If this occurs, 
either add enough water to dissolve the solids or filter out the solids 
and wash the residue with deionized water. The filtrate can be 
analyzed by ICP-AES. 

 
u. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
X. CALCULATIONS 
 

A. The analyst must be supplied with both beginning sample masses/volumes 
and final digestate volumes.  This information must be recorded in the 
digestion log. 

 
XI. QUALITY CONTROL 
 

A. Digestion 
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1. Temperature blank 
 

a. The temperature of the hot plate/hot block must be monitored for 
temperature during the digestion process. 

 
b. The thermometer must be tagged with annual calibration information.  

Record the thermometer reading, correction factor and the corrected 
temperature in the digestion log. 

 
2. Blanks 

 
a. Digest a blank with every batch of samples digested (20 sample 

maximum).  The blank is prepared by adding all the same reagents 
added to the samples to a clean dry beaker and taking it through the 
same process as the samples. NOTE:  The blank for OILs MUST 
include an analyte-free oil or explosive reactions can occur. 

 
b. Also, there must be a blank for every different method of digestion 

that is set up that day,  every 20 samples. 
 
c. There must also be a blank for every different matrix of samples that is 

to be digested, every 20 samples. 
 
d. Sample is given a unique identifier in the digestion log. 

 
3. Laboratory Control Samples 

 
a. For water samples, one LCS is digested with every batch of samples 

digested (20 sample maximum). 
 
b. For water samples, a LCS is digested every day for each type of 

digestion, every 20 samples. 
 
c. For soil/sediment samples, a soil matrix standard reference material 

(SRM ) must be digested per batch (20 samples maximum) or 
alternatively a spiked teflon chip sample. 

 
d.   Sample is given a unique identifier in the digestion log. 
 
e.  Recoveries of standard reference materials or laboratory control 

samples spiked with organo-metallic standards recoveries should be 
±25% of their true values for OILS. 
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4. Duplicates 
 

a. A duplicate is prepared every 20 samples.  This usually takes the form 
of a matrix spike duplicate. 
 
NOTE: Certain projects require a sample duplicate and a matrix 

spike duplicate with each set of twenty samples. 
 

5. Blank Spike 
 

a. This is required for certain projects. 
 

B. Sample Matrix 
 

NOTE: Field blanks/duplicates, trip blanks, or equipment blanks are not to 
be used for sample matrix QC samples. 

 
1. Matrix spike 

 
a. Digest a spike and spike duplicate every 20 samples where sample 

volume is adequate to do so.  Choose a sample (if possible) that has a 
lot of metals requested to be analyzed. 

 
NOTE: For some projects, a sample duplicate and sample spike may 

be required instead of a spike and spike duplicate.  Your 
supervisor should make you aware of these projects. 

 
b. The following metals do not get digested spikes when using CLP 

spike. 
 
Calcium 
Magnesium 
Sodium 

      Potassium 
 
v. For TCLP samples, a spike must be digested for every matrix.  You 

should inspect the sample (original sample prior to extraction) or 
check the log book to determine matrix type.  (Also the matrix spike 
aliquot must be added to the extract after filtration but before 
preservation.) 

 
d.  The CLH project requires that a high and a low spike be prepared 
and analyzed.  Spikes shoud be prepared at 40 mg/Kg and 400 mg/Kg 
for soil samples and 200 ug/L and 2000 ug/L for aqueous samples. 
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XII. CORRECTIVE ACTIONS 

 
A. Sample boils during digestion. 
 

1. Redigest another sample aliquot. 
 
B. Sample goes dry or portion of beaker bottom is exposed due to excess 

evaporation during digestion. 
 

1. Redigest another sample aliquot. 
2. Glass beaker dry for an extended period of time? Discard beaker. 

 
XIII. SPECIAL NOTES 
 

A. Never take for granted how a sample should be digested.  If the sample looks 
strange or unusual, or if you are not sure what metals the sample gets, what 
detection limits are required, whether the sample is total or dissolved, or even 
what method of digestion should be used, always ask your supervisor or the 
person who is to analyze the sample.  How metals need to be digested changes 
too often to take it for granted. 

 
B. Antimony (Sb) soils should be analyzed within 48 hours of digestion 

whenever possible.  When a soil requesting Antimony analysis is received, 
you must coordinate with the person who will be analyzing it to be sure that 
they can analyze it on the same day that it is digested. 

 
C. Labels for the digested sample must be written in a neat and legible manner.  

The labels must include such information as sample number, client name, the 
date digested, and the volume or mass digested. 

 
D. There are several precautions that must be taken to minimize the possibility of 

contamination. 
 

1. All metals glassware must be kept separate from all other laboratory 
glassware. 

 
2. Metals glassware must be washed as soon as possible after being used.  

Dirty metals beakers must not be left overnight.   
 
3. Acid to be used for metals digestions must be kept separate from all other 

laboratory acid. 
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E. Samples must be digested in a timely manner to ensure ICP analysis remains 
on schedule for data generation.  Samples received on or before Wednesday of 
week X must be prepared for ICP digestion by the end of week X.  Your 
supervisor must be consulted if this schedule can not be met at a particular 
time. 

 
             F.   Please consult Waste Disposal SOP-405, for information concerning disposal 

of waste generated from this area. Quantity of chemicals purchased 
should be based on expected usage during its shelf-life and the 
disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 

 
 

Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 
 
The following is a list of changes for sample preparation when the 5.2 statement of work 
is required: 
 
1. Soluble samples are required to be digested unless the chain of custody specifically 

states that digestion is not required.  An MDL study must be done on the unprepared 
MDL solution in order to provide MDL levels for samples that are not digested.  
When digestion is not required an LCSW and post digestion spike are not required. 

 
2. Digestates must be stored until 365 days after delivery of a complete, reconciled data 

package. 
 
3. Preparation codes are used on form 13's.  They are found in the 5.2 statement of work 

page B-39 3.4.12.2.4. 
 
 
 
 
DEFINITIONS – Refer to SOP-431 for common environmental laboratory definitions. 
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MERCURY ANALYSIS IN WATER BY MANUAL COLD VAPOR 
References: 

SW846 Method 7470A 
USEPA Method 245.1 
USEPA SOW ILM04.1 

See Addendum for SOW ILM05.2  
 
I. SCOPE AND APPLICATION 
 

A. This method is a cold-vapor atomic absorption procedure for determining the 
concentration of mercury in mobility-procedure extracts, aqueous wastes, and 
ground waters.  This method can also be used for sludge-type wastes.  All 
samples must be subjected to an appropriate dissolution procedure prior to 
analysis. 

 
B. In addition to inorganic forms of mercury, organic materials may also be 

present.  These organo-mercury compounds will not respond to the cold vapor 
atomic absorption technique unless they are first broken down and converted 
to mercuric ions.  Potassium permanganate oxidizes many of these 
compounds, but recent studies have shown that a number of organic 
mercurials, including phenol mercuric acetate and methyl mercuric chloride, 
are only partially oxidized by this reagent.  Potassium persulfate has been 
found to give approximately 100% recovery when used as the oxidant step 
following the addition of the permanganate has been included to insure that 
organo-mercury compounds, if present, will be oxidized to the mercuric ion 
before measurement.  A heat step is required for methyl mercuric chloride 
when present in or spiked to a natural system.  For distilled water the heat step 
is not necessary. 

 
C. The range of the method may be varied through instrument and/or recorder 

expansion.  Using a 30 mL sample, a detection limit of 0.2 µg Hg/L can be 
achieved. 

 
II. SUMMARY OF METHOD 
 
 A. The flameless AA procedure is a physical method based on the absorption of 

radiation at 253.7 nm by mercury vapor.  Organic mercury compounds are 
oxidized and the mercury is reduced to the elemental state and aerated from 
solution in a closed system.  The mercury vapor passes through a cell positioned 
in the light path of a flow injection Mercury system.  Absorbance (peak height) 
is measured as a function of mercury concentration and recorded in the usual 
manner. 
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III. SAMPLE HANDLING AND PRESERVATION 
 

A. Samples are preserved by acidification with nitric acid to a pH of 2 or lower 
immediately at the time of collection, and refrigeration to 4°C. 

 
B. The holding time for the mercury digestion is 28 days from time of sampling. 

 
IV. INTERFERENCES 
 

A. Possible interference from sulfide is eliminated by the addition of potassium 
permanganate.  Concentrations as high as 20 mg/L of sulfide as sodium 
sulfide do not interfere with the recovery of added inorganic mercury from 
distilled water. 

 
B. Copper has also been reported to interfere; however, copper concentrations as 

high as 10 mg/L had no effect on recovery of mercury from spiked samples. 
 
C. Sea waters, brines and industrial effluents high in chlorides require additional 

permanganate (as much as 6.25 mL in 30 mL of sample).  During the 
oxidation step, chlorides are converted to free chlorine which will also absorb 
radiation at 253 nm.  Care must be taken to assure that free chlorine is absent 
before the mercury is reduced and swept into the cell.   This is accomplished 
by using an excess of hydroxylamine sulfate reagent (6.25 mL to 30 mL of 
sample).  

 
D. Samples containing high concentrations of oxidizable organic materials, as 

evidenced by high chemical oxygen demand values, may not be completely 
oxidized of organic mercury will be low.  The problem can be eliminated by 
reducing the sample volume or by increasing the amount of potassium 
persulfate (and consequently stannous chloride) used in the digestion. 

 
V. Safety 
 

A. Normal accepted laboratory practices should be followed while performing 
this procedure. 

 
B. The toxicity and carcinogenicity of each reagent in this method have not been 

fully established.  Each chemical should be regarded as a potential health 
hazard and exposure to these compounds should be minimized by good 
laboratory practices.  Normal accepted laboratory practices should be 
followed during reagent preparation and instrument operation.  Always wear 
safety glasses or full-face shield for eye protection when working with these 
reagents.  Each laboratory is responsible for maintaining a current safety plan, 
a current awareness file of OSHA regulations regarding the safe handling of 
the chemicals specified in this method. 
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C. Mercury compounds are highly toxic if swallowed, inhaled, or absorbed 
through the skin.  The analyst should use chemical resistant gloves when 
handling concentrated mercury standards. 

 
D. The analyst should make sure that the system is vented to fresh permanganate 

in a bottle located at the back.  Otherwise Hg vapors could be vented to the 
room.   

 
VI. EQUIPMENT/APPARATUS 
 

A. Perken Elmer Flow injection Mercury system 
 
B. Mod Block Digester set to maintain  95+2°C for 2 hours. 
 
C. Polypropylene sample digestion vessels with snap or screw caps or 

equivalent. 
Five vessels of each  lot of digestion vessels must be taken through 
analysis to check for mercury. 

VII. REAGENTS AND STANDARD PREPARATION 
 

A. REAGENTS 
 
1. Concentrated sulfuric acid suitable for Hg determination. 
 
2.  Concentrated nitric acid suitable for Hg determination. 
 
3. Stannous chloride:  in a 1000 mL volumetric flask add approximately 

500 mL D.I. water, 30 mL concentrated HCl, add 11 grams stannous 
chloride crystals swirl to mix and dilute to 1000 mLs.  Prepare fresh daily. 

 
4. 3% HCl Carrier Solution:  Dilute 30 mL of concentrated metals grade HCl 

to one liter.  Prepare fresh daily.   
 
5. Sodium chloride-hydroxylamine chloride solution:  dissolve 120 grams of 

sodium chloride and 120 grams of hydroxylamine hydrochloride (very 
high grade --Do not get from Tennessee Reagents) in D.I. water and dilute 
to 1 liter.   Note:  this is normally made up 2 Liters at a time. 

 
 
5. Potassium permanganate:  5% solution, w/v:  dissolve 200 grams of 

potassium permanganate in 4000 mL of D.I. water.  Should have "suitable 
for mercury determination" written on the side of the potassium 
permanganate bottle.  This reagent takes overnight stirring ( minimum of 3 
hours if absolutely necessary ).  Use stirring bar already in the reagent 
bottle for this purpose.  It is very easy to contaminate with mercury. 
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6. Potassium persulfate:  5% solution, w/v:  dissolve 100 grams of potassium 
persulfate in 2000 mL D.I. water.  Slight heating with stirring may be 
necessary to completely dissolve.  The formation of crystals in this 
solution is not a problem. 

 
B. STANDARDS 

 
1. Traceability 

 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, and 
expiration date.  Reagents shall be labeled with date received and 
expiration date, if applicable.  All of the information described above 
shall also be recorded in a bound logbook.  Measurements made 
during standards preparation (e.g., from weighing operations, volume 
diluted to, etc.)  shall also be recorded.  There should be no container 
with sample, sample extract, standard solution, etc. that is not correctly 
labeled and properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
 

NOTE: All standard solutions should be prepared using class A 
volumetric flasks, class A volumetric pipettes ( or calibrated 
Eppendorfs ). All standards, blanks, and samples are taken 
through the digestion process. 

 
a. Stock mercury solution: (100 µg/mL).  Order from manufacturer 

already prepared.  This solution is given a unique identifier. 
 
b. Primary source and secondary source mercury standard solutions at 

200 ug/L:  dilute 2 mL of stock solution to 1000 mL in a 1000 mL 
volumetric flask, with 1.5 mL concentrated HNO3. 

 
c. Calibration standards 
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i. Prepared from the primary source working standard.  The 
preparation of the calibration standards, etc. is described 
below. 

 
a. Dilute the volumes below to 30 mLs in a 70 mL 

polypropylene vessel.  (Note:  The standards are diluted to 
10 mLs for the initial step of the digestion.  From that 
point when  25 mLs of DI water are added to samples, 15 
mLs of DI water is added to the standards. 

 
   ug/L Hg   mLs of 200 ug/L standard in 30 mLs 

0.20    0.03 
0.50    0.075 
1.0     0.15 
2.0     0.30 
4.0     0.60 
6.0     0.90 
10.0 1.5 
 

iii. Appropriate reagents are added as below in the sample preparation 
section. 

 
iv. Prepare one vessel for each. 
 
v. It is necessary to digest the calibration standards. 

 
e.  Calibration verification standards 
 

i. Initial calibration verification ( ICV ) solution – 4.0 ug/L 
 
a. Prepared by diluting 0.6 mL of the second source standard to 

30 mL with reagent water in a 70 mL polypropylene vessel. 
(TV = 4.0 ug/L) 

 
b. Appropriate reagents are added as below in the sample 

preparation section. 
 
c. It is necessary to digest the ICV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 
 

ii. Continuing calibration verification ( CCV ) solution 
 

a. Prepared from the primary  source  standard. 
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b. Prepared by diluting 0.3 mL of the primary standard at 200 
ug/L to 30 mLs with reagent water in a 70 mL polypropylene 
vessel for 2.0 ug/L or 0.6 ml to 30 mls for 4.0 ug/L. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. It is necessary to digest the CCV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 
 
 

f. Digestion standards 
 

i. Laboratory control sample 
 

a. Prepared from the secondary source standard. 
 
b. Prepared by diluting 0.3 mL of the second source standard to 30 

mL with reagent water in a 70 mL polypropylene vessel. 
 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. This solution should be given a unique identifier in the digestion 

log. 
 
 

ii.. Matrix Spikes 
 

a. Prepared from the secondary source working standard. 
 
b. Prepared by diluting 0.3 mL of the second source standard to 

30 mL with sample in a 70 mL polypropylene vessel.  Project 
specific or method specific requirements may over-ride the 
spiking level. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
 
VIII. CALIBRATION 
 

A. Set up the instrument with proper operating parameters. 
 

1. Perkin Elmer Flow Injection Mercury System (FIMS). 
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i. Replace any old tubing that is around the pump cylinder.  The 
sample transfer tubing connected to the seperator cover must not 
have any moisture in it. If it does replace it. (Perkin-Elmer tygon 
tubing, waste and carrier 1.52mm I.D., waste only 3.17mm 
I.D., stannous chloride 1.14mm I.D.) 

 
ii. Also replace the filter membrane with the rough side up.  (for 

instructions refer to page 1-22 in maintenance  manual.) 
 

iii. Turn on PE 100 spectrophotmeter;  (Note:  this must be on in order 
to start up the software on the computer.) 

 
iv. Turn on computer and go to icon “AA Win LAB Analyst”.  

 
v. Go to method; select “Hg CAL 2” then OK. 

 
vi. Wavelength = 253.7;  smoothing points =9; measurement = peak 

height; read time =18sec.; BCC time = 2 sec. 
 

vii. Go to “Sample Info” and enter the order of the samples and other 
information that may be needed. 

 
viii. Save entered sample list under “Save ….sample info file” Note: 

description and batch ID are normally the date of analysis. 
 

ix. Go to “auto”; then to set-up.  Select Browse in both spaces.  One is 
to bring up your saved “Sample Information” File.  The other is to 
select a results library.  Double click on heading and choose. 

 
x. Turn the printer on. 

 
xi. Connect all tubing to the pump and blocks. 

 
xii. Start the pump by going to “FIAS” and click the pump 1 Icon 

(120). 
 

xiii. The pump will start, then lock down and tighten the tubes onto the 
pump. 

 
xiv. Turn on the nitrogen tank, it should be above 500 psi on the guage.  

Replace the nitrogen tank when it is at 500 psi. 
 

xv. The pressure gauge on the PE100 should be just below 100. 
 

xvi. Use the tension adjuster to press down the tubing magazine to the 
pump head on the top and bottom.  Start the pump and then lock 
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them down.  This technique needs to be demonstrated so that a 
new user will be able to understand what is needed here and how 
to do it. 

 
xvii. Adjust the spring tension tubing until there is a constant “bubble of 

low rate” coming out to the waste tube. 
 

xviii. Place carrier tubes into carrier and stannous chloride tube into 
SnCl2.  (click valve fill inject and make sure flow is correct and 
the line is rinsed). 

 
xix. Make sure the permanganate waste bottle is bubbling in order to 

absorb any Hg vapors which could be vented into the room.   
 

xx. Allow a few minutes for reagents to flow through the system 
before starting analysis. 

 
xxi. Calibrate:  Go to “Auto” click on “Analyze”, click on “calibrate”. 

 
xxii. “Select Location” enter #’s to be ran,  and then press  “OK”.  

Samples are done in increments of 10 samples 
 

B. Analyze the calibration standards as below. 
 
1. New calibration points must be analyzed when the ICV analysis is not 

within ± 5%.  A curve must be analyzed daily for all projects especially 
USACE and CLP projects.   

 
2. The curve should be linear with a calculated intercept with a minimum 

correlation coefficient (r) of >0.995 ( USACE ) or 0.998 ( other ).  If not, a 
new curve must be analyzed. 

 
IX. PROCEDURE 
 

A. Glassware preparation 
 

1. After use, samples are nuetralized and disposed down an acid sink with 
running water and rinsed with tap water.  Or the sample may be discarded 
into the Mercury waste drum. 

 
2. Acid clean the glassware used for mercury prep as follows: 
 

a. Rinse with low Hg content 1:1 HCl. 
 
b. Rinse with D.I. water. 
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B. Label the vessels indicating  which sample will be in each.. 
 

C. Prepare calibration standards as detailed above.  Add all reagents to the 
standards which are added to the samples as outlined below.  Record the 
standard preparation in the digestion log. 
 

D. Sample preparation 
 

1. Transfer 30 mL, or an aliquot diluted to 30 mL of sample to the 30 mL 
mark on a 50 mL digestion vessel previously marked for this sample. 

 
NOTE: Normally, an automatic dilution of 10X to 100X is performed for 

all TCLP extracts.  All TCLP samples get one matrix spike unless 
several come in at one time from the same client with the same 
matrix.  Then one in ten of the same matrix get spiked. Check 
with your manager. 

 
2. Add 1.5 mL of concentrated sulfuric acid to each vessel and mix. 
 
3. Add 0.75 mL of concentrated nitric acid to each bottle and mix. 
 
4. Add 4.5 mL potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 
additional portions of potassium permanganate to the solution if 
necessary, until the purple color persists for at least 15 minutes (not more 
than 7.5 mL).  If the purple color does not persist after the addition of 
7.5 mL KMnO4 the sample must be diluted prior to digestion.  Inform 
your manager that the minimum detection limit cannot be reached for that 
particular matrix.  

 
NOTE: The same amount of KMnO4 added to the samples should be 

present in the standards and blanks. 
 
5. Add 2.4 mL of potassium persulfate to each vessel and mix.  Cover. 
 
6. Heat for 2 hours in the block digester at 95+2°C ( the block temperature 

must be monitored and documented.  Record observed temperature, 
correction factor, and the corrected temperature ), cool. 

 
6. Samples may be saved at this point if there is not time to run the whole set 

that day. 
 

NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added 
by the instrument during analysis. 

 
E. Sample analysis 
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1. Set up the instrument as described in the calibration section above.    
 
2. When ready to run samples, add 1.8  mL of sodium 

chloride-hydroxylamine chloride to reduce the excess permanganate.  
Sample analysis must be preceded by the analysis of an ICV with control 
limits of +10% for SW846-7470 and ±5 % for 245.1.  Followed by the 
ICB (< ±MDL for USACE or ±RL/CRDL for others and CLP). 

 
3. Each set of ten samples and at the end of the analytical run must be 

followed by a CCV with control limits of +20% for SW846-7470 and 
±10% for 245.1 

 
4. CCB must always follow the CCV.  Control limits are (<±MDL for 

USACE or ±RL/CRDL for others and CLP). CCB must be run at the 
beginning and end of a sequence and after every 10 samples. No analyte 
must be detected  >2xMDL for DOD QSM Ver. 3. 

 
5. The autosampler log is set up to analyze 106 samples at a time. 

 
Instrument Run Log example: 
 
AS LOC             Sample ID 

0 Wash 
1  0.0 
2  0.02 
3  0.05 
4  0.1 
5  0.2 
6  0.4 
7  0.6 
8  1.0 
9  ICV 
10  ICB 
11  LCSW 

                                    AS LOC     Sample ID 
12  PBW 
13 Sample 
14 Sample 
15 Sample 
16 Sample 
17 Sample 
18 Sample 
19 Sample 
20 Sample 
21 CCV 
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22 CCB 
23 Sample 
24 Sample 
25 Sample 
26 Sample 
27 Sample 
28 Sample 
29 Sample 
30 Sample 
31 MS 
32 MSD 
33 FCV 
34 FCB 

 
F. Data reporting 
 

1. Reduce data to result which will be reported. 
 
2. Complete the data review checklist ( attached ).  Must be completed and 

attached to each set of USACE data. 
 
X. CALCULATIONS 
 

A. Apply a least squares fit to the calibration standards plotting µg Hg/L versus 
the absorbance. For the concentration of the standards, assume 30 mL of 
solution volume ( the 0.1 µg Hg standard will be input as 1.0 µg Hg/L )  
( 0.1µg Hg / 0.030 L solution ). 

 
B.  Input the sample absorbance into the mercury spreadsheet making sure that 

you are  using the correct spreadsheet for the matrix of the sample. 
 

C. Also make sure that the appropriate dilution factor is inputted in the correct 
space on the spreadsheet. 

 
D.  Report the data as µg Hg/L of sample. 

                         
 
 
 
 
XI. QUALITY CONTROL (Reference SW-846, 7470A Update III, USEPA CLP 

ILMO 4.1 or 245.1, Rev 3.0, 5/94 for further clarification) 
 

A. Daily 
 

1. The instrument must be calibrated daily for all projects.   
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2. Begin each analysis with an ICV(QCS) second source.  The control limits 

are +10% and IPC(CCV) for 245.1, limits are + 5% and subsequent 
analyses are + 10%. 

 
3. Analyze ICB.  Control limits (<±MDL for USACE or ±RL/CRDL for 

others and CLP)., depending on method. No analyte detected >2xMDL 
for DOD QSM Ver. 3. 

 
4. If the ICV(QCS) is not in control a new curve must be analyzed prior to 

sample analysis.   
 

5. If the IPC(initial CCV) for 245.1 is not within the limits of ±5%, try 
preparing another undigested CCV and reanalyzing before recalibrating.  
If this fails then a recalibration is necessary. 

 
6. Follow each set of 10 samples with a CCV and also must end up with a 

CCV after the last sample.  The control limits are +20% for SW846-7470 
and ± 10% for 245.1. 

 
7. A CCB must always follow a CCV, the control limit is (<±MDL for 

USACE or ±RL/CRDL for others and CLP). CCB must be run at the 
beginning and end of a sequence and after every 10 samples. No analyte  
detected  >2xMDL for DOD QSM Ver. 3. 

 
B. Quarterly or as needed when doing straight CLP work. 
 

1.  IDL’s for CLP 4.1. 
 

C.   Digestion 
 

1. LCS data should be maintained and available for easy reference or 
inspection. 

 
2. Preparation blank (<1/2 ±RL or ±RL/CRDL for common contaminates 

(DOD) and ±RL/CRDL for others and CLP). 
 

a. Employ a minimum of one preparation blank per sample batch to 
determine if contamination or any memory effects are occurring.  The 
preparation blank is taken through the same digestion/preparation 
steps as the samples being tested.  The result for the preparation blank 
must be below the method detection limit.  If not, the analyst must use 
good judgment to evaluate the impact upon the associated samples.  
There is no impact if an associated sample is below the method 
detection limit nor if the level in the sample is greater than 10X the 
level found in the preparation blank.  If the level of mercury in a 
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sample is above the method detection limit but less than 10X the level 
found in the preparation blank, the sample must be redigested and 
reanalyzed or the data must be qualified on the final report.  The 
project manager or QA manager will make this determination. 

 
3. Laboratory control sample ( LCS ) 

 
a. Employ a minimum of one laboratory control sample ( LCS ) per 

sample batch to verify the digestion procedure.  The LCS is taken 
through the same digestion/preparation steps as the samples being 
tested.  The minimum control limits are +20% for SW846-7470 and 
±15% for 245.1.  If the LCS is not in control, the impact upon the 
client data should be evaluated and the associated sample(s) should be 
either redigested or the data should be qualified.  The project manager 
or QA Officer will make this determination. 

 
D.  Sample matrix 
 

1. Analyze one replicate sample for every twenty samples. A replicate sample 
is a sample brought through the whole sample preparation and analytical 
process in duplicate.  It is acceptable to substitute a matrix spike duplicate 
for the sample replicate.  CLP does not allow this.  Project specific 
requirements will take precedence in these situations. 
 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 
samples. A replicate sample is a sample brought through the whole sample 
preparation and analytical process in duplicate.  Project specific 
requirements will take precedence in these situations.  CLP requires 1 
duplicate and 1 spike per batch.  If the analyte level in the sample is not 
greater than four times the spiking level, the spike recoveries should be 
within +25% of the true value ( + 20% for DOD projects).  If not, check 
with supervisor to determine appropriate action.  The final analytical 
report must document this situation. 

 
NOTE: For TCLP extracts, a matrix spike must be performed for each 

different matrix.  The method of standard additions must be used 
if the sample spike recovery is not at least 50% and the 
concentration of Hg does not exceed the regulatory level and if 
the concentration of Hg measured in the extract is within 20% of 
the regulatory level.  

 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD shall be used for sample values greater than ten times 
the instrument detection limit.)  Supervisor must be notified if the control 
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limit is not met.  Supervisor will determine corrective action if required.  
The final analytical report must document this situation. 

 
4. For 245.1 analyze one serial dilution (1 to 5 dilution) for every 20 samples 

or per analytical batch, whichever is more frequent.  Percent recovery 
should be ±10%.  The concentration of the original sample should be a 
minimum of 50X the IDL in order to apply the recovery criterion; if not, 
the serial dilution approach is not used.  

 
5. When the sample matrix is so complex that viscosity, surface tension, and 

components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended.  Section 8.6 of SW846-7000A 
provides tests to evaluate the need for using the MSA. 

 
E.    Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
 
                                        TABLE I 
 

Aqueous Method Detection Limits(MDL), Empirical Laboratories’ Reporting 
Limits(ERL), CLP OLM04.1 & OLM05.2  

Contract Required  Quantitation Limits (CRQL) 
Mercury by EPA 245.1, 7470A,  

  SOW 4.1 & 5.2 
AQUEOUS 
MDL(ug/L) 

AQUEOUS 
ERL(ug/L)

AQUEOUS 
CRQL ILMO 

4.1 (ug/L) 

AQUEOUS 
CRQL ILMO 

5.2 (ug/L) 
Mercury 

 
0.08 0.20 0.2 0.2 

 
 
 
                                                  TABLE 2 

 
 
 

 
ANALYTE 

 
WAVELENGTH 

Mercury 253.7 
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XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
 

1. ICV(QCS for 245.1)- second source not within + 10%. 
a. If the problem is with the solution. 

i. Reprepare,  obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and recheck 
ICV. 

2. CCV not within + 20% for SW846 and ±10% for (245.1, + 5% for initial 
IPC and + 10% for subsequent IPCs) 
a. If the problem is with the solution. 

i. Reprepare, obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and 
reprepare/reanalyze the previous ten sample according the 
following guidelines. 
a. If the CCV was biased high, any of the previous ten samples 

which were below the detection limit do not require reanalysis. 
b. If the CCV was biased low, the previous ten samples must be 

reanalyzed. 
 
B. DIGESTION RELATED 
 

1. The preparation blank less than <1/2 RL or ±RL/CRDL for common 
contaminates (DOD) and ±RL/CRDL for others and CLP. 

 
a. If the problem is with the instrument or stannous chloride. 

i. Analyze a reagent blank to determine the stannous chloride and the 
instrument are behaving properly.  If this check has detectable 
mercury, reprepare the stannous chloride or determine if there are 
any problems with the instrument.  Contact supervisor 
immediately. 

 
b. If the problem is with the digestion. 

i. All associated samples which are below the RL, CRDL or have a 
level of mercury greater than 5X the level found in the preparation 
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blank can be reported.  If the level of mercury in an associated 
sample is not BMDL nor greater than 5X the level found in the 
preparation blank, the sample must be redigested/reanalyzed or 
reported as qualified.  The project manager or QA manager will 
make this determination. 

 
2. LCS not within control limits ( or +20%, + 15% for 245.1 ). 

a. If the problem is with the instrument. 
i. Reanalyze when instrument is in control if further sample bottles 

are available. 
b. Is the problem is with the digestion. 

i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
 
 
 
C. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% 
i. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25%( + 20% for DOD projects) 
i. If the analyte level in the sample is greater than 4X the spiking level, 

the %recovery can not be evaluated and no action is taken. 
ii. If the analyte level in the sample is not greater than 4X the spiking 

level, the associated sample data must be qualified on the final report.  
TCLP extracts must be evaluated as in section XI.D.2 above.  The 
associated sample data must be qualified on the final report. 
 

3.   When the sample matrix is so complex that viscosity, surface tension, and 
components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended.  Section 8.6 of SW846-7000A  
provides tests to evaluate the need for using the MSA. 

 
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
Please see Waste Disposal SOP-405, for instruction of proper disposal of waste 
generated from this area. 
Quantity of chemicals purchased should be based on expected usage during its 
shelf-life  and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 
 

XIV. REFERENCES 
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1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 

SW-846; Third Edition (Update III); Method 7470A 
 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; 

APX-B 
 

 
3. USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 

ILM05.2 
 

 
XV. DEFINITIONS 
 

1.  Refer to SOP-431 for common definitions. 
 
 
 

 
ADDENDUM FOR USEPA SOW ILM05.2 

 
 

1. The CCV concentration must be different from the ICV. 
 
2. The same CCV shall be used throughout analysis for an SDG. 
 
3. Calibration standards must be within 5% of the standard concentration. 
 
4. A CRA must be analyzed after the ICV/ICB  and after each batch of 20 samples, but 

before the final CCV/CCB.  The control limit is ±30%. 
 
5. Spike samples at 1 ug/L for water. 
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ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 7470A ( Mercury ) 

 
 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly interpreted. 
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15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

   
Comments on any "No" response: 

 
  Analyst:  Date:  

   
Second-Level Review:  Date:  
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MERCURY ANALYSIS IN SOIL/SEDIMENT BY  

MANUAL COLD VAPOR TECHNIQUE  
References: 

SW846 Method 7471A, 7471B 
USEPA Method 245.5, CLP SOW ILM04.1 

See Addendum for CLP SOW ILM05.2  
 
 
 
I. SCOPE AND APPLICATION: 
 
 A This procedure measures total mercury (organic and inorganic) in soils, 

sediments, bottom deposits and sludge type materials. 
 
 B. The range of the method is 0.2 to 2 µg/g.  The range may be extended above or 

below the normal range by increasing or decreasing sample size or through 
instrument and recorder control. 

 
 
II. SUMMARY OF METHOD: 
 
 A. A weighed portion of the sample is acid digested for 2 minutes at 95+2°C, 

followed by oxidation with potassium permanganate and with a secondary 
digestion at 95°C for 30 minutes.  Mercury in the digested sample is then 
measured by the conventional cold vapor technique. 

 
 
III. SAMPLE HANDLING AND PRESERVATION: 
 
 A. Because of the extreme sensitivity of the analytical procedure and the 

omnipresence of mercury, care must be taken to avoid extraneous 
contamination.  Sampling devices and sample containers should be ascertained 
to be free of mercury; the sample should not be exposed to any condition in the 
lab that may result in contact with solid, liquid or airborne mercury. 

 
 B. Refrigerate solid samples at 4°C (+2°C) upon receipt until digestion and            
               analysis. 
 C. The sample should be analyzed without drying. A separate percent solids 

determination is required 
 
 D. The holding time for digestion of mercury samples is 28 days. 
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IV. INTERFERENCES: 
 
 A. Potassium permanganate is added to eliminate possible interference from 

sulfide.  Concentrations as high as 20 mg/Kg of sulfide, as sodium sulfide, do 
not interfere with the recovery of added inorganic mercury in reagent water. 

 
 B. Copper has also been reported to interfere; however, copper concentrations as 

high as 10 mg/Kg had no effect on recovery of mercury from spiked samples. 
 

C. Samples high in chlorides require additional permanganate (as much as 
12.5 mLs) because, during the oxidation step, chlorides are converted to 
free chlorine, which also absorbs radiation of 253 nm.  Care must therefore 
be taken to ensure that free chlorine is absent before the mercury is 
reduced and swept into the cell.  

 
D. Certain volatile organic materials that absorb at this wavelength may also cause 

interference.  A preliminary run without reagents should determine if this type 
of interference is present. 

 
V. SAFETY 
 

A. Normal accepted laboratory practices should be followed while performing 
this procedure. 

 
B. The toxicity and carcinogenicity of each reagent used in this method has not 

been fully established.  Each chemical should be regarded as a potential health 
hazard and exposure to these compounds should be minimized by good 
laboratory practices.  Normal accepted laboratory safety practices should be 
followed during reagent preparation and instrument operation.  Always wear 
safety glasses or full-face shield for eye protection when working with these 
reagents.  Each laboratory is responsible for maintaining a current safety plan, 
a current awareness file of OSHA regulations regarding the safe handling of 
the chemicals specified in this method. 

 
C. Mercury compounds are highly toxic if swallowed, inhaled, or absorbed 

through the skin.  Analyses should be conducted in a laboratory exhaust hood.  
The analyst should use chemical resistant gloves when handling concentrated 
mercury standards. 
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VI.  EQUIPMENT/APPARATUS: 
 

A. Perkin Elmer  Flow Injection Mercury System (FIMS)  
 
B.  Perkin Elmer AS 90 
 
C.  Mercury lamp  

 
D. Environmental Express Mod-Block digestion block capable of holding 

95+2°C for 2 hours 
 
E.  A scale or balance capable of weighing to 0.01 + 0.02 gram. 
 
F. Snap cap digestion polypropylene vessels for use with the mod block digester. 

Five vessels of each lot must be taken through analysis to check for 
mercury 

G. Polypropylene watch glasses suitable for use with the above vessels in F 
above. 

 
H. Manual Sample Mill 

 
I. Wiley Sample Mill 

 
J. Clippers for cutting vegetation 

 
VII. REAGENTS AND STANDARD PREPARATION: 
 

A. REAGENTS 
 

1. Reagent Water:  Reagent water will be interference free.  All references to 
water in this method refer to reagent water unless otherwise specified. 

 
2. Aqua Regia:  Prepare immediately before use by carefully adding three 

volumes of concentrated HCl to one volume of concentrated HNO3.  Both 
HNO3 and HCl must be of the reagent grade suitable for mercury 
determinations. 

 
NOTE: This reagent is required for use when USACE project samples 

are being digested. 
 

3. Concentrated HCl. 
 

4. Concentrated HNO3. 
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5. Stannous chloride in a one liter volumetric flask add ~500 mL D.I. H2O,         
30 mL concentrated HCl, and 11g stannous chloride crystals.  Swirl to mix 
and dilute to 1 L. 

 
6. Sodium chloride-hydroxylamine chloride solution:  Dissolve 120 g of 

sodium chloride and 120 g of hydroxylamine sulfate in reagent water and 
dilute to 1 L.  Note : this is normally made up 2 liters at a time. 

 
7. Potassium permanganate, mercury-free, 5% solution (w/v): Dissolve 200 g 

of potassium permanganate in 4 L of reagent water. 
 
8. 3 % HCl carrier solution:  30 mL HCl – 1 L DI H20;  Prepare fresh daily. 

 
9. Potassium persulfate 5% solution: Dissolve 100g in 2 liters of D.I. water. 

Used  with digestion of CLP soils. 
 

B. STANDARDS 
 

1. Traceability 
 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, 
expiration date. Reagents shall be labeled with date received and 
expiration date, if applicable.  All of the information described above 
shall also be recorded in a bound logbook.  Measurements made 
during standards preparation (e.g., from weighing operations, volume 
diluted to, etc.)  shall also be recorded.  There should be no container 
with sample, sample extract, standard solution, etc. that is not correctly 
labeled and properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
2. Preparation 
 

NOTE: All standard solutions should be prepared using class A 
volumetric flasks, class A volumetric pipettes ( or calibrated 
Eppendorfs ). All Standards, blanks, and samples are taken 
through the digestion process. 
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a. Stock mercury solution: (100 µg/mL).  Order from manufacturer 
already prepared.  This solution is given a unique identifier. 

 
b. Primary source and secondary source mercury standard solutions:  

dilute 2 mL of stock solution to 1000 mL in a 1000 mL volumetric 
flask, with 1.5 mL concentrated HNO3 (200 ug/L). 

 
c. Calibration standards 
 

i. Prepared from the primary source  standard.  The preparation of 
the calibration standards, etc. is described below. 
 
a. Dilute the volumes below to 5 mLs  in a 70 mL polypropylene 

vessel. (Note: The standards are diluted to 5 mLs for the initial 
step of the digestion.) 

 
ug/L Hg    mLs of 200 ug/L standard in 50 mL   
0.20      0.050  
0.50      0.125 

                                    1.0      0.25 
2.0      0.50 
4.0      1.0 
6.0      1.5 
10.0      2.5 

 
ii. Appropriate reagents are added as below in the sample preparation 

section. 
 
iii. Prepare one vessel of each. 

  
iv. It is necessary to digest the calibration standards when following            

all mercury methods. 
 

e. Calibration verification standards 
 

i. Initial calibration verification ( ICV ) solution – 4.0 ug/L 
 

a. Prepared from the secondary source mercury standard (200 
ug/L). 

 
b. Prepared by diluting 1.0 mL of the second source mercury 

standard to 5 mLs in a polypropylene digestion vessel. 
 
c. Appropriate reagents are added as below in the sample 

preparation section. 
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d. It is necessary to digest the ICV standards when using all 
mercury  methods for soil. 

 
ii. Continuing calibration verification (CCV) solution 

 
a. Prepared from the primary or secondary source mercury 

standard.  The concentration is alternated from 2.0 ug/L to 4.0 
ug/L every 20 samples. 

 
b. Prepared by diluting 0.50 for a 2.0 ug/L and 1.0 mL for a 4.0 

ug/L of the  secondary 200 ug/L standard to 5.0 mL with 
reagent water in a polypropylene digestion vessel. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. It is necessary to digest the CCV standards when following all 

mercury methods for soil. 
 

f. Digestion standards 
 

1. Laboratory control sample 
 

a. The Laboratory Control Sample (LCS) is prepared from the 
secondary source mercury standard (200 ug/L) and added to ~  
0.3 grams of teflon chips. 

 
b. Prepared by diluting 0.50 mL of the secondary mercury 

standard (200 ug/L) to 5 mLs in a polypropylene digestion 
vessel with 0.30 grams of teflon chips. 

  
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. This solution  is given a unique identifier in the digestion log. 
 

       2.  Matrix Spikes 
 

a. Prepared from the primary or secondary source mercury 
standard  (200 ug/L). 

 
b. Prepared by adding 0.50 mL of the mercury standard (200 

ug/L) to the sample in a polypropylene digestion vessel.  
Project specific requirements may over-ride the spiking level. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
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VIII. CALIBRATION: 
 

A. Set up the instrument with proper operating parameters. 
 

1. Perkin Elmer Flow Injection Mercury System (FIMS) 
   

a. Prepare the instrument for calibration by the following steps: 
i. Replace any old tubing that is around the pump cylinder.  The 

sample transfer tubing connected to the seperator cover must 
not have any moisture in it.  If it does replace it. (Perkin-
Elmer tygon tubing, waste and carrier 1.52mm I.D.,waste 
only 3.17mm I.D., stannous chloride 1.14mm I.D.) 

ii. Also replace the filter membrane with the rough side up. (for 
instructions refer to page 1-22 in maintenance  manual.) 

iii. Turn on PE 100 spectrophotometer; (Note:  this must be on in 
order to start up the software on the computer.) 

iv. Turn on computer and go to icon “AA Win LAB Analyst” 
v. Go to method; select “Hg CAL 2” then OK. 
vi. Wavelength = 253.7; smoothing points =9; measurement = 

peak height; read time = 18 sec.; BCC time = 2 sec. 
vii. Go to “Sample Info” and enter the order of the samples and 

other information that may be needed.   
viii. Save entered sample list under “Save  …sample info file” 

Note: description and batch ID are normally the date of 
analysis. 

ix. Go to “auto”; then to set-up. Select Browse in both spaces.  
One is to bring up your saved “Sample Information.” File.  The 
other is to select a results library. Double click on heading and 
choose.   

x. Turn the printer on. 
xi. Connect all tubing to the pump and blocks.  
xii. Start the pump by going to “FIAS” and click the pump 1 Icon 

(120). 
xiii. The pump witll start, then lock down and tighten the tubes onto 

the pump. 
xiv. Turn on the nitrogen tank, it should be >500 psi on the guage.  

Replace the nitrogen tank when it is at 500 psi. 
xv. The pressure gauge on the PE100 should be just below 100. 
xvi. Use the tension adjuster to press down the tubing magazine to 

the pump head on the top and bottom.  Start the pump and then 
lock them down.  This technique needs to be demonstrated so 
that a new user will be able to understand what is needed here 
and how to do it. 

xvii. Adjust the spring tension tubing until there is a constant 
“bubble of low rate” coming out to the waste tube. 
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xviii. Place carrier tubes into carrier and stannous chloride tube into 
SnCl2. ( click valve fill inject and make sure flow is correct 
and the line is rinsed) 

xix. Make sure the permanganate waste bottle is bubbling in order 
to absorb any Hg vapors which could be vented into the  room. 

xx. Allow a few minutes for reagents to flow through the system 
before starting analysis. 

xxi. Calibrate:  Go to “Auto” click on “Analyze”, click on 
“calibrate”. 

xxii. “Select location” enter the #’s of the samples to be analyzed, 
then “OK”. 

 
B. Analyze the calibration standards as below. 

 
1.  A curve must be analyzed daily for all projects.  A new curve must be 

analyzed when the ICV analysis is not within ±10% for SW846 7471A 
and 245.5 methods, or ±20% for 7471B. 

 
2. The curve should be linear with a calculated intercept with a minimum 

correlation coefficient(r) of >0.995 (USACE ) or 0.998 ( other ).  If not, a 
new curve must be analyzed. 

 
3. CLP requires a blank + 5 calibration standards (0, .02, .05, .1, .5 and 

1.0 µg).  (One standard must be at CRDL or IDL whichever is 
greater.) 

 
IX. PROCEDURE: 
 

A. Prepare calibration standards as detailed above.  Add all reagents to the 
standards which are added to the samples as outlined below.  Record the 
standard preparation in the standard log. 
 

B. Sample preparation           
 

It is extremely important that waste (when appropriate), soil and sediment 
samples be mixed thoroughly to ensure that the sample is as representative as 
possible of the sample media.  The most common method of mixing is 
referred to as quartering.  The quartering procedure should be performed as 
follows: 
• The material in the sample pan(inorganic-plastic/organic-aluminum)  

should be divided into quarters and each quarter should be mixed 
individually. 

• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

                  
                 This procedure should be repeated several times until the sample is adequately 

mixed. 



- 
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NOTE:  Samples that are clay type materials must be handled in a different 
manner.  Due to these type sample matrices having an affinity to stick to 
most anything that touches it, another approach must be followed.  Obtain a 
representative sub-sample aliquot from the center or middle section of the 
sample container. 
 

             Grinding of Vegetation Samples 
 
            Remove sample from shipping container and brush off dirt particles. Chop sample 

into about half inch pieces with clippers or other cutting tool. Place the sample in 
an aluminum pan and air-dry in an exhaust hood to the appropriate dryness for 
grinding. It should be dry enough where it won’t stick to the inside of the mill. 
Grind the dried sample to fineness in either the manual sample mill or the Wiley 
mill or both if needed. Place the ground sample in a container and label 
immediately.  
 

1. Transfer 0.30 g  ( for USACE work use anywhere from 0.20 to 1.0 g and 
record the weight in the digestion log)  of sample to a polypropylene 
digestion vessel previously marked for this sample.  Record the exact 
sample mass on the bottle and in the digestion log.  (Note:  the balance 
must be calibrated for the specific task.  Calibrate by weighing a 0.5 and a 
0.1g weight on the balance along with a digestion vessel.  Record in 
specific balance calibration log.) 

 
2. Add 2.5 mL of reagent water, and 2.5 mL of aqua regia and mix for 

samples.  Add 2.5 mL of aqua regia to standards and mix. 
 
3. Cover samples and standards with watch glasses and heat for 2 minutes in 

the hot block at 95+2°C (The hot block temperature must be monitored 
and documented.  Record observed temperature, correction factor, and the 
corrected temperature ). 

 
4.  Cool, bring to 30 ml with D.I. water 

 
5. Add 7.5 mL potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 
additional portions of potassium permanganate to the solution if 
necessary, until the purple color persists for at least 15 minutes (not more 
than 12.5 mL).  
NOTE: The same amount of KMnO4 added to the samples should be 
present in the standards and blanks.  
 

6. Heat for 30 minutes on the hot block at 95+2°C ( The temperature must be 
monitored and documented.  Record observed temperature, correction 



- 
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factor, and the corrected temperature ), cool.  Samples may be saved at 
this point if there is not time to run the whole set that day.  

 
 

7. Add 3 mLs of sodium chloride-hydroxylamine chloride solution to each 
vessel. 

 
8. Bring to 50 ml with D.I. water both standards and samples. Cap mix and 

vent to decolor and release Cl gas. The samples are now ready for 
analysis. 

 
NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added 
by the instrument during analysis. 

 
  

C. Sample analysis 
 

1. Set up the instrument as described in the calibration section above. 

2. When ready to run samples, transfer samples and standards to autosampler 
tubes and load the auto sampler according to the sample information sheet 
set up previously.  If chlorides are suspected, purge the head space in the 
polyethylene tube for at least 1 minute to get rid of any chlorine gas 
collected there.  After a delay of at least 30 seconds the sample is ready 
for step "3".  NOTE:  When aqua-regia is added assume that all samples 
and standards have chlorine and treat accordingly.  Purging the samples of 
chlorine is accomplished by putting a pasteur pipette on the end of some 
air tubing hooked to a fish pump.  The pasteur pipette is then placed at an 
angle into the top of the polyethylene vessel without breaking the surface 
of the sample.   It takes about one minute to purge the air above the 
sample of chlorine. 

3. Analysis must be preceded by the analysis of an ICV (concentration at or 
near mid range) with control limits of +10% for SW846-7471A or ±20% 
for 7471B and  ±5% for 245.5 methods. 

 
4. The ICB must follow the calibration standards (<±MDL (USACE) or 

±RL/CRDL for other or CLP), but not before the ICV. No analyte must 
be detected > 2xMDL for DOD QSM Ver. 3. 

 
5. Each set of ten samples must be followed by a CCV with control limits of 

+20% for SW846-7471A and B and ±10% for 245.5 method.  The run 
must also end with a CCV, then CCB. 

 
6. Analyze CCB after calibration and each CCV.  The CCB frequency is 

10% or every 2 hours whichever is more frequent.  (control limit is < 
±MDL or ±RL/CRDL for other or CLP). For DOD QSM Ver.3 CCB at 
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beginning and end of sequence and after every 10 samples. No analyte 
detected > 2xMDL. 

 
7. Instrument Run Log example: 

 
AS LOC             Sample ID 

0 Wash 
1  0.0 
2  0.O2 
3  0.05 
4  0.1 

                                  AS LOC     Sample ID 
5  0.2 
6  0.4 
7  0.6 
8  1.0 
9  ICV 
10  ICB 
11  LCSW 
12  PBW 
13 Sample 
14 Sample 
15 Sample 
16 Sample 
17 Sample 
18 Sample 
19 Sample 
20 Sample 
21 CCV 
22 CCB 
23 Sample 
24 Sample 
25 Sample 
26 Sample 
27 Sample 
28 Sample 
29 Sample 
30 Sample 
31 MS 
32 MSD 
33 FCV 
34 FCB 

 
 
8. Sample analysis: 
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 i. Go to “Analyze”, “select location” and type in the range of 
numbers needed to complete analysis. (ie. 9-54).  Press enter and the 
autosampler will proceed to enter the selected range.  NOTE:  Check 
standards are loaded as part of the tray. 

 
ii. Make sure that the sample wash beaker is filled with 3% HCl.  
 
iii. Dilute and reanalyze samples that are more concentrated than 

within 10% of the high standard.   Soil sample dilutions are 
made from the digested aliquot.  Sample concentration results 
that are below the calibration curve but above the MDL are 
reported flagged as estimated, (“B” flag).  

       
D. Data reporting 
 

1. Reduce data to result which will be reported using the soil spreadsheet 
found on the network.. 

 
2. Complete the data review checklist ( attached ).  Must be completed and 

attached to each set of USACE data. 
 
X. CALCULATIONS: 
 

A. Pull up the blank spreadsheet at  K:\wcm\tests\mercury and fill in all the 
information pertinent to the current analysis.  Save as the date of analysis.  
This information can be obtained from your mercury digestion log. 

  
B. Input the sample absorbance into the excel spreadsheet in the appropriate cell.   

The spreadsheet uses the current calibration to calculate the Hg results. 
 
C. Make sure that the appropriate dilution factors are entered into the spreadsheet 

in the correct cells. 
 
D. The spreadsheet should divide the result which is the µg Hg obtained from the 

sample mass by the sample mass in grams.  This will yield a result of µg Hg/g 
sample on a wet weight basis.  Calculations in the spreadsheet should be 
checked occassionally to make sure that they are working correctly. 

 
E. If available, divide the result by the %solids to obtain the result on a dry 

weight basis. 
 
F.  Report the data as µg Hg/g of sample (mg/kg wet or  mg/kg dry when % solids 

are available). 
 
XI. QUALITY CONTROL (Reference SW-846, 7471A Update III, 7471B 

Revision 2 February 2007, USEPA CLP ILMO 4.1 or EPA 245.5 for further 
clarification) 



- 
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A. Daily 
 

1. The instrument must be calibrated daily for all projects. 
 
2. Begin each analysis with an ICV.  The control limits are +10% for 7471A 

and 245.5,  ±20% for 7471B. 
 
3. Analyze ICB.  Control limit is  <± MDL or ±RL/CRDL for other or CLP. 
       For DOD QSM Ver. 3, no analyte detected > 2x MDL. 
 
4. If the ICV is not in control a new curve must be analyzed prior to sample 

analysis. 
 

5. Follow each set of 10 samples with a CCV and also must end up with 
CCV after last sample.  The control limits are +20% for SW846-7471A, 
SW846 7471B and for 245.5.  If an exceedance occurs, analyze another 
CCV, if the second CCV  fails, then a new calibration curve should be 
generated and all affected samples should be reanalyzed. 

 
6.   Follow each CCV with a CCB.  Control limit is < ±MDL  or  ±RL/CRDL    

for others or CLP. For DOD QSM Ver. 3, no analyte detected > 2x 
MDL. 

 
B. Quarterly 

 
1. IDLs for CLP  (Follow SOP - 414). 
 

C. Annually 
 
1.   MDLs  must be analyzed for all matrixes (Follow SOP - 414). 

 
D. Digestion 
 

1. LCS data should be maintained and available for easy reference or 
inspection. 

 
2. Preparation blank (< ±½ RL or ±RL for common contaminates or 

±RL/CRDL for  others or CLP) 
 

a. Employ a minimum of one preparation blank per sample batch to 
determine if contamination or any memory effects are occurring.  The 
preparation blank is taken through the same digestion/preparation 
steps as the samples being tested.  The result for the preparation blank 
must be < ± ½  RL  for USACE or ±RL/CRDL for  others or CLP.  If 
not, the analyst must use good judgment to evaluate the impact upon 
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the associated samples.  There is no impact if an associated sample is 
below the method detection limit or if the level in the sample is greater 
than 10X the level found in the preparation blank.  If the level of 
mercury in a sample is above the method detection limit, but less than 
10X the level found in the preparation blank, the sample must be 
redigested and reanalyzed or the data must be qualified on the final 
report.  The project manager or QA officer  will make this 
determination. 

 
3. Laboratory control sample ( LCS ). 

 
a. Employ a minimum of one LCS per sample batch to verify the 

digestion procedure..  The LCS is taken through the same 
digestion/preparation steps as the samples being tested.  The minimum 
control limits are +20% for SW846-7471A, 7471B and 245.5 solid 
samples.  An  LCS will accompany each batch of soil samples.  If the 
LCS is not in control, the Inorganic Manager and QA Officer must be 
notified immediately.  Several possibilities  exist at this point and a 
thorough investigation and data evaluation is essential.  The first 
question is to evaluate the impact upon the data.  All samples may 
need to be retested or flagged with the appropriate qualifier.  The next 
question is to find out why it occurred and to proceed with a corrective 
action plan to  prevent reoccurrence.  This corrective action is 
documented in a CAR. 

 
E. Sample matrix 
 

1. Analyze one replicate sample for every twenty samples or per analytical 
batch, whichever is more frequent.  A replicate sample is a sample brought 
through the whole sample preparation and analytical process in duplicate.  
It is acceptable to substitute a matrix spike duplicate for the sample 
replicate.  Project specific requirements will take precedence in these 
situations. 
 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 
samples or per analytical batch, whichever is more frequent.  A replicate 
sample is a sample brought through the whole sample preparation and 
analytical process in duplicate.  Project specific requirements will take 
precedence in these situations.  CLP requires 1 duplicate and 1 spike per 
batch.  If the analyte level in the sample is not greater than four times the 
spiking level, the spike recoveries should be within +25% for 7471A and 
±20% for 7471B of the true value( +20% for DOD projects).  If results 
do not fall within the control limit-redigestion/reanalysis may be required.  
If reanalysis is not required, the associated batch of samples will be 
flagged accordingly.  Discuss the situation with your supervisor.  A 
Corrective Action Report (CAR) must be filled out and attached to the 
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data as well as emailed or sent to the supervisor when the control limits 
are exceeded. 

 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD (non-aqueous samples may routinely exceed this 
amount) shall be used for sample values greater than ten times the 
instrument detection limit.)  Supervisor must be notified if the control 
limit is not met.  Supervisor will determine corrective action if required.  
The final analytical report must document this situation.  A Corrective 
Action Report (CAR) must be filled out and attached to the data as well as 
emailed or sent to the supervisor when the control limits are exceeded. 

 
4. For 245.5 analyze one serial dilution (1 to 5 dilution) for every 20 samples 

or per analytical batch, whichever is more frequent.  Percent recovery 
should be 10%.  The concentration of the original sample should be a 
minimum of 50X the IDL in order to apply the recovery criterion; if not, 
the serial dilution approach is not used.   

 
 

5. When the sample matrix is so complex that viscosity, surface tension, and 
components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended. Section 8.6 of SW846-7000A 
provides tests to evaluate the need for using the MSA. 

 
 

F.  Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit 
(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
TABLE I 

 
Solid/Soil Method Detection Limits(MDL), Empirical Laboratories’ Reporting 

Limits(ERL), 
CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 

Mercury by EPA 
245.1, 245.5, 7471A,  

  SOW 4.1 & 5.2 

SOLID/SOIL 
MDL 

(mg/Kg) 

SOLID/SOIL 
ERL 

(mg/Kg) 

SOLID/SOIL 
CRQL ILMO 

4.1  
(mg/Kg) 

SOLID/SOIL 
CRQL ILMO  

5.2  
(mg/Kg) 

Mercury 
 

0.0157 0.033 0.1 0.1 

 
 
                                                          TABLE 2 
 



- 
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ANALYTE 

 
WAVELENGTH 

Mercury 253.7 
 
XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
1. ICV not within + 10% (SW846) and (245.5)  

a. If the problem is with the solution. 
i. Reprepare,  obtain new stock if necessary. 

b. If the problem is with the calibration. 
i. Recalibrate thru analysis of appropriate standards and recheck 

ICV. 
 

2. CCV not within + 20% (SW846) and (245.5) 
a. If the problem is with the solution. 

i. Reprepare, obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate thru analysis of appropriate standards and 
reprepare/reanalyze the previous ten sample according the 
following guidelines. 
a. If the CCV was biased high, any of the previous ten samples 

which were below the minimum detection limit do not require 
reanalysis. 

b. If the CCV was biased low, the previous ten samples must be 
reanalysed. 

 
B. DIGESTION RELATED 

1. The preparation blank less than ± ½ RL for DOD or ±RL/CRDL for  
others or CLP. 
a. If the problem is with the instrument or stannous chloride. 

i. Analyze a reagent blank to determine the stannous chloride and the 
instrument are behaving properly.  If this check has detectable 
mercury, reprepare the stannous chloride or determine if there are 
any problems with the instrument. 

ii. If the problem was with the instrument or the stannous chloride 
and the situation is corrected continue analysis with a second 
aliquot of the preparation blank. 

b. If the problem is with the digestion. 
i. All associated samples which are below the method detection limit 

(MDL) or have a level of mercury greater than 10X the level found 
in the preparation blank can be reported.  If the level of mercury in 
an associated sample is not <MDL nor greater than 10X the level 
found in the preparation blank, the sample must be 
redigested/reanalyzed or reported as qualified.  The project 
manager or QA manager will make this determination. 



- 
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2. LCS not within control limits. 
a. If the problem is with the instrument. 

i. Reanalyze when instrument is in control with another aliquot of 
the sample. 

b. If the problem is with the digestion. 
i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
C. SAMPLE MATRIX RELATED 

1. Replicate analysis RPD not within +20% 
i. The associated sample data must be qualified on the final report. 

2. Spike analysis recovery not within +25% 7471A and ±20% 7471B ( 
+20% for DOD projects) 
i. If the analyte level in the sample is greater than 4X the spiking level, 

the %recovery can not be evaluated and no action is taken. 
ii. If the analyte level in the sample is not greater than 4X the spiking 

level, the associated sample data must be qualified on the final report.  
A corrective action report must accompany the data and be emailed or 
given to the superviser. 

  
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
       Please see Waste Disposal SOP-405,  for instruction of proper disposal of    

waste generated from this area. 
        Quantity of chemicals purchased should be based on expected usage 

during its shelf-life  and the disposal cost of unused material. Actual 
reagent preparation volumes should reflect anticipated usage and 
reagent stability. 

 
 
 
 
XIV. REFERENCES 
 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
SW-846; Third Edition (Update III/IV); Method 7471A, 7471B 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; 

APX-B 
 

 
 3.  USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 
ILM05.2 

 
XV. DEFINITIONS 
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1.    Refer to SOP-431 for common definitions. 

 
 
 
 

Addendum for USEPA CLP ILM 05.2 
 
1. CCV concentration must be different from ICV. 
 
2. The same CCV shall be used throughout analysis for a sample delivery 

group. 
 
3. Calibration standards must be within 5% of the standard concentration. 
 
4. 0.2 grams of sample must be used for the sample aliquot, add enough 

reagent water to each sample to  make a total volume of 10 mL.  Proceed 
with method as in the water method SOP 103.0 Revision 9. 

 
5. The ICV and CCV must be at ±20% recovery. 
 
6. A CRA must be analyzed at the beginning and end of each batch of 20 

samples.  Right after the ICV/ICB and right before the final CCV/CCB.   
The control limit is ±30%. 

 
7. The matrix spike must be analyzed at the concentration of 0.5 mg/Kg. 
 
 
 
 
 
 
 
 

ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 7471A (Mercury) 

 
 



                                           EMPIRICAL LABORATORIES, LLC SOP-104 
 Revision: 17 
 Date:  01/29/09 
 Page 20 of 21 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-104 Rev 17.doc 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you  apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

 
 

 
 

 
 

 
 

 
15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 
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ANALYST DATA REVIEW CHECKLIST 
7471A (Mercury) 

 
 

Comments on any "No" response: 

 
  Analyst:  Date:  

   
Second-Level Review:  Date:  
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ICP METHOD 
SOP 

References:  SW-846, Method 6010B, December 1996; SW-846, Method 6010C, 
Revision 3 February 2007; USEPA, Method 200.7, June 1991; Standard Methods 

19th Edition 2340B; 1995 USEPA CLP, ILM 04.1.  See Addendum for USEPA 
CLPILM 05.2 

 
I. SCOPE AND APPLICATION 
 

A. Inductively Coupled Argon Plasma (ICAP) determines trace elements in 
solution.  We use the ICP to determine the concentration of the following 
metals: Ag, Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, 
Ni, Pb, Sb, Se, Sn, Sr, Ti, Tl, V and Zn.  All matrices, including ground 
water, aqueous samples, TCLP, SPLP and EP extracts, industrial and organic 
wastes, soils, sludges, sediments, and other solid wastes, require digestion 
prior to analysis. 

 
B. Detection limits, sensitivity, and optimum ranges of the metals may be 

found in the ICP method file.  Use of this method is restricted to 
spectroscopists who are knowledgeable in the correction of spectral, chemical, 
and physical interferences. 

 
II. SUMMARY OF METHOD 
 

A. Prior to analysis, samples must be solubilized or digested using appropriate 
Sample Preparation Methods (e.g., Methods 3005-3050 and SOW ILM 
04.1/05.2).  When analyzing for dissolved constituents, acid digestion is not 
always necessary if the samples are filtered and acid preserved prior to 
analysis.  If particulates form after filtration and preservation the sample must 
be digested prior to analysis. 

 
NOTE:  When selenium is required soluble samples must always be digested.   

 
B. This method describes the simultaneous multi-elemental determination of 

elements by ICP.  The method measures element-emitted light by optical 
spectrometry.  Samples are nebulized and the large droplets are removed by a 
spray chamber and the small droplets then pass through to the plasma.   The 
solvent is evaporated.  The residual sample decomposed to atoms and ions 
that become excited and emit characteristic light which is measured, giving a 
measurement of the concentration of each element type in the the original 
sample.  Background correction is required for trace element determination.  
Background must be measured adjacent to analyte lines on samples during 
analysis.  The position selected for the background-intensity measurement, on 
either or both sides of the analytical line, will be determined by the 
complexity of the spectrum adjacent to the analyte line.  The position used 
must be free of spectral interference and reflect the same change in 
background intensity as occurs at the analytic wavelength measured.  
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Background correction is not required in cases of line broadening where a 
background correction measurement would actually degrade the analytical 
result.  Control of the spectrometer is provided by PC based iTEVA software. 

 
C. ICP's primary advantage is that it allows simultaneous determination of any 

elements in a short time.  The primary disadvantage of ICP is background 
radiation from other elements and the plasma gases.  Although all ICP 
instruments utilize high-resolution optics and background correction to 
minimize these interferences, analysis for traces of metals in the presence of a 
large excess of a single metal is difficult.  Examples would be traces of metals 
in an alloy or traces of metals in a limed (high calcium) waste.  ICP and Flame 
AA have comparable detection limits (within a factor of 4) except that ICP 
exhibits greater sensitivity for refractories (Al, Ba, etc.).  Furnace AA, in 
general, will exhibit lower detection limits than either ICP or FAA. 

 
D.  It is standard procedure to use an internal standard (scandium) with samples to 

increase the stability of the instrument as recommended by the manufacturer 
(Thermo Fisher).  (When samples are suspected of containing scandium 
internal standard cannot be used.)  

 
III. SAMPLE HANDLING AND PRESERVATION 
 

A. Preliminary treatment of most matrices is necessary because of the complexity 
and variability of sample matrices.  Water samples which have been 
prefiltered and acidified will not need acid digestion as long as the samples 
and standards are matrix matched and particulates do not form after the 
filtration and preservation take place.   Solubilization and digestion 
procedures are presented in Sample Preparation Methods (Methods 3005A-
3050A). 

 
B. Sample digestates are stored at room temperature for at least 2 months unless 

a longer time is requested by the client.  The samples contain an acid matrix 
of 3:1.  Since the most concentrated acid matrix allowed for direct disposal 
down an acid sink is a ratio of 20:1, the samples must be diluted with 1 part 
water to 2 parts sample prior to pouring down the sink while the tap water is 
running. 

 
C. The appropriate SOPs should be consulted regarding sample 

preparation.  The following is a brief summary of the methods we use for 
metals preparation. 

 
• Method 3005A prepares groundwater and surface water samples for total 

recoverable and dissolved metals determination by ICP.  The unfiltered or 
filtered sample is heated with dilute HCl and HNO3 prior to metal 
determination. 

 



                                              EMPIRICAL LABORATORIES, LLC SOP-105 
 Revision:  15 
 Date:  02/22/09 
 Page: 4 of 43 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-105 Rev 15.doc 

• Method 3010A prepares waste samples for total metal determination by 
ICP.  The samples are vigorously digested with a mixture of nitric acid 
and hydrochloric acid followed by dilution with laboratory water.  The 
method is applicable to aqueous samples, TCLP and mobility-procedure 
extracts. 

 
• Standard Methods 19th Edition Method 3030C prepares groundwaters and 

suface water samples for acid extractable metals: (lead and chromium.)  
This preparation has a holding time of 72 hours.  The samples are 
preserved at collection with 5mL/L of HNO3, in the laboratory 5 
mL/100mL of 1+1 HCl is added and the sample is heated for 15 minutes 
in a block digester.  The sample is filtered through a membrane filter and 
the filtrate is carefully transferred to a volumetric flask and brought back 
to 100 mLs. 

  
• Method 3050B prepares wastes samples for total metals determination by 

ICP.  The samples are vigorously digested in nitric acid and hydrogen 
peroxide followed by dilution with either laboratory water or hydrochloric 
acid and laboratory water.  The method is applicable to soils, sludges, and 
solid waste samples. 

 
IV. INTERFERENCES 

 
A. Spectral interferences are caused by background contribution from continuum 

or recombination phenomena, stray light from the line emission of high-
concentration elements, overlap of a spectral line from another element, or 
unresolved overlap of molecular band spectra. 

   
1. Background emission and stray light can usually be compensated for 

by subtracting the background emission determined by measurements 
adjacent to the analyte wavelength peak.  Spectral scans of samples or 
single element solutions in the analyte regions may indicate when 
alternate wavelengths are desirable because of severe spectral 
interference.  These scans will also show whether the most appropriate 
estimate of the background emission is provided by an interpolation 
from measurements on both sides of the wavelength peak or by 
measured emission on only one side.  The locations selected for the 
measurement of background intensity will be determined by the 
complexity of the spectrum adjacent to the wavelength peak.  The 
locations used for routine measurement must be free of off-line 
spectral interference (interelement or molecular) or adequately 
corrected to reflect the same change in background intensity as occurs 
at the wavelength peak. For multivariate methods using whole spectral 
regions, background  scans should be included in the correction 
algorithm.  Off-line interferences are handled by including spectra on 
interfering species in the algorithm. 
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2. To determine the appropriate location for off-line background 
correction, the user must scan the area on either side adjacent to the 
wavelength and record the apparent emission intensity from all other 
method analytes.  This spectral information must be documented and 
kept on file.  The location selected for background correction must be 
either free of off-line interelement spectral interference or a  computer 
routine must be used for automatic correction on all determinations.  If 
a wavelength other than the recommended  wavelength is used,  the 
analyst  must determine and document both the overlapping and 
nearby spectral intereference effects from all method analytes and 
common elements and provide for their automatic correction on all 
analyses.  Tests to determine spectral interference must be done using 
analyte concentrations that will adequtetely describe the interference.  
Normally, 100 mg/L single element solutions are sufficient; however, 
for analytes such as iron that may be found at high concentration, a 
more appropriate test would be to use a concentration near the upper 
analytical range limit. 

 
3. Spectral overlaps may be avoided by using an alternate wavelength or 

can be compensated by equations that correct for interelement 
contributions. Instruments that use equations for interelement 
correction require the interfering elements be analyzed at the same 
time as the element of interest.  When  operative and uncorrected, 
interferences will produce false positive determinations and be 
reported as analyte concentrations.  More extensive information on 
interferant effects at various wavelengths and resolutions is available 
in reference wavelength tables and books.  Users may apply 
interelement correction equations determined on their instruments with 
tested concentration ranges to compensate (off line or on line) for the 
effects of interfering elements.  Some potential spectral interferences 
observed for the recommended wavelength are listed in the method in 
table 2.  For multivariate methods using whole spectral regions, 
spectral interferences are handled by including spectra of the 
interfering elements in the algorithm.  The interferences listed are only 
those that occur between method analytes.  Only interferences of a 
direct overlap nature are listed.  These overlaps were observed with a 
single instrument having a working resolution of 0.035 nm. 

 
4. When using interelement correction equations, the interference may be 

expressed as analyte concentration equivalents (i.e. false analyte 
concentrations) arising from 100 mg/L of the interference element.  
For example, assume that As is to be determined (at 193.696 nm) in a 
sample containing approximately 10 mg/L of Al.  According to Table 
2 from the method, 100 mg/L of Al would yield a false signal for As 
equivalent to approximately 1.3 mg/L.  Therefore, the presence of 10 
mg/L of Al would result in a false signal for As equivalent to 
approximatley 0.13 mg/L.  The user is cautioned that other instruments 
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may exhibit somewhat different levels of interferences than that shown 
in Table 2 from the method.  The interference effects must be 
evaluated for each individual instrument since the intensities will vary. 

 
5. Interelement corrections will vary for the same emission line among 

instruments because of differences in resolution, as determined by the 
grating, the entrance and exit slit widths, and by the order of 
dispersion.  Interelement corrections will also vary depending upon the 
choice of background correction points.  Selecting a background 
correction point where an intefering emission line may appear should 
be avoided when practical.  Interelement corrections that constitute a 
major portion of an emission signal may not yield accurate data.  Users 
should not forget that some samples may contain uncommon elements 
that could contribute spectral interferences. 

 
6. The interference effects must be evaluated for each individual 

instrument whether configured as a sequential or simultaneous 
instrument.  For each instrument, intensities will vary not only with 
optical resolution but also with operating conditions (such as power, 
viewing height and agron flow rate).  When using the recommended 
wavelengths, the anlaylst is required to determine and document for 
each wavelength the effect from referenced interferences  as well as 
any other suspected interferences that may be specific to the 
instrument of matrix.  The analyst is encouraged to utilize a computer 
routine for automatic correction on all analyses. 

 
7. If the correction routine is operating properly, the determined, 

apparent analyte(s) concentration from analysis of each interference 
solution should fall within a specific concentration range around the 
calibration blank.  The concentration range is calculated by 
multiplying the concentration of the interfering element by the value 
of the correction factor being tested and divided by 10.  If after the 
subtraction of the calibration blank the apparent analyte concentration 
falls outside of this range in either a positive or negative direction, a 
change in the correction factor of more than 10% should be suspected.  
The cause of the change should be determined and corrected and the 
correction factor updated. The interference check solutions should be 
analyzed more than once to confirm a change has occurred.  Adequate 
rinse time between solutions and before analysis of the calibration 
blank will assist in the confirmation. 

 
8. When interelement corrections are applied, their accuracy should be 

verified, daily, by analyzing spectral interference check solutions.  If 
the correction factors or multivariate correction matrices tested on a 
daily basis are found to be within 20% criteria for 5 consecutive days, 
the required verification frequency of those factors in compliance may 
be extended to a weekly basis.  Also, if the nature of the samples 
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analyzed is such they do not contain concentrations of the interfering 
elements at ± one reporting limit from zero, daily verification is not 
required.  All interelement spectral correction factors or multivariate 
correction matrices must be verified and updated every six months or 
when an instrumentation  change, such as in the torch, nebulizer, 
injector, or plasma conditions occurs.  Standard solution should be 
inspected to ensure that there is no contamination that may be 
perceived as a spectral interference. 

 
B. Physical interferences are effects associated with the sample nebulization  and 

transport processes.  Changes in viscosity and surface tension can cause 
significant inaccuracies, especially in samples containing high dissolved 
solids or high acid concentrations.  If physical interferences are present, they 
must be reduced by diluting the sample or by using a peristaltic pump, by 
using an internal standard or by using a high solids nebulizer.  Another 
problem that can occur with high dissolved solids is salt buildup at the tip of 
the nebulizer, affecting aerosol flow rate and causing instrumental drift.  The 
problem can be controlled by wetting the argon prior to nebulization, using a 
tip washer, using a  high solids nebulizer or diluting the sample.  Also it is has 
been reported that better control of the argon flow rate, especially to the 
nebulizer, improves instrument performance:  this may be accomplished with 
the use of mass flow controllers.  

 
C. Memory interferences result when analytes in a previous sample contribute to 

the signals measured in a new sample.  Memory effects can result from 
sample deposition on the uptake tubing to the nebulizer and from the build up 
of sample material in the plasma torch and spray chamber.  The site where 
these effects occur is dependent on the elements and can be minimized by 
flushing the system with a rinse blank between samples.  The possibility of 
memory interferences should be recognized within an analytical  run and 
suitable rinse times should be used to reduce them.  The rinse times necessary 
for a particular element must be estimated prior to analysis.  This may be 
achieved by aspirating a standard containing elements at a concentration ten 
times the usual amount or at the top of the linear dynamic range.  The 
aspiration time for this sample should be the same as a normal sample analysis 
period, followed by analysis of the rinse blank at designated intervals.  The 
length of time required to reduce analyte signals to within a factor of two of 
the method detection limit should be noted.  Until the required rinse time is 
established, this method suggests a rinse period of at least 60 seconds between 
samples and standards.  If a memory interference is suspected, the sample 
must be reanalyzed after a rinse period of sufficient length.  Alternate rinse 
times may be established by the analyst based upon their DQOs.  

 
D. Users are advised that high salt concentrations can cause analyte signal 

suppressions and confuse interference tests.  If the instrument does not display 
negative values, fortify the interference check solution with the elements of 
interest at 0.5 to 1 mg/L and measure the added standard concentration 
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accordingly.  Concentrations should be within 20% of the true spiked 
concentration or dilution of the samples will be necessary.  In the absence of 
measurable analyte, overcorrection could go undetected if a negative value is 
reported as zero. 

 
V. SAFETY 

 
A. Normal accepted laboratory safety practices should be followed while 

performing this analysis. 
 

1. Care should be used in handling all samples.  Safety glasses 
must be worn in the lab at all times.  The use of appropriate 
safety gloves and lab coats is highly recommended. 

2. Research into expected sample content and concentration 
should be done in order to be prepared for additional safety 
considerations.  Generally, any samples that need special 
consideration have applicable notes on the sample logs. 

3. MSDS sheets are available for all reagents and standards that 
have been purchased.  These are located in the bookshelves in 
the Quality Assurance Officers office. 

 
VI. EQUIPMENT/APPARATUS 
 

A. Inductively coupled argon plasma emission spectrometer: Thermo Scientific 
6500 DUO. 

 
B. Computer-controlled emission spectrometer with background correction:  

Thermo Scientific 6500 DUO or equivalent. 
 
C. Radio frequency generator compliant with FCC regulations:  Thermo 

Scientific or equivalent. 
 
D. Argon gas supply – Liquid Argon 
 
E. Class A volumetric flasks 
 
F. Class A volumetric pipettes 

 
G. Analytical balance - capable of accurate measurement to a minimum of three 

significant figures (.001gm):  Mettler model AE100 
 
H. Variable Eppendorf Pipettes 1000μL; 5000μL 

 
VII. REAGENTS AND STANDARD PREPARATION 
 

A. Notes 
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1. Reagent Water.  All references to water in the method refer to reagent 

grade water unless otherwise specified.  Reagent water will be 
interference free. 

 
2. Reagent grade chemicals shall be used in all tests.  Unless otherwise 

indicated, it is intended that all reagents shall conform to the specifications 
of the Committee on Analytical Reagents of the American Chemical 
Society, where such specifications are available.  Other grades may be 
used, provided it is first ascertained that the reagent is of sufficiently high 
purity to permit its use without lessening the accuracy of the 
determination.  If the purity of a reagent is in question analyze for 
contamination.  If the concentration is less than the MDL then the reagent 
is acceptable. 

 
B. REAGENTS 

 
1. Hydrochloric acid (concentrated), HCl. 
2. Nitric acid (concentrated), HNO3. 
 

 
C. STANDARDS 
 

1. Matrix 
 

a. All standards contain 2% HNO3 and 5% HCl. 
 

2. Storage 
 

a. The standards are stored at room temperature in 500 mL Teflon 
bottles. 

 
3. Traceability 

 
a. All records shall be maintained on all reference materials within 

Element.  The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique Element 
number that is recorded on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique Element ID number with complete information on 
preparation date, concentration of each compound, solvent, preparer's 
name, expiration date in Element.  Reagents shall be labeled with date 
received and expiration date, if applicable.  All of the information 
described above shall also be recorded in Element.  Measurements 
made during standards preparation (e.g., from weighing operations, 
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volume diluted to, etc.)  shall also be recorded.  There should be no 
container with sample, sample extract, standard solution, etc. that is 
not correctly labeled and properly stored. 

 
4. Calibration standards 

 
a. All standards have an acid matrix of 2% HNO3 and 5% HCl and 

should be prepared using class A volumetric flasks, class A volumetric 
pipettes (or calibrated Eppendorfs). 
 

b. STD-1 is the calibration blank: Reagent grade water matrix matched 
as in (a) above.  Note: when this standard is analyzed the 
intensities should be compared to a previous run to make sure that 
no contamination has occurred.  Prepare this solution fresh daily. 

 
c.   Stock QC21 solution:  (100 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element and includes the following metals - Sb, As, Be, Cd, Ca, Cr, 
Co, Cu, Fe, Pb, Li, Mg, Mn, Mo, Ni, Se, Sr, Tl, Ti, V,  and  Zn. 

 
e.   Stock QC7 solution:  Order from the manufacturer already prepared.  

This solution is given a unique identifier within Element and includes 
the following metals- (50 ug/mL)- silver; (100 ug/mL)- aluminum, 
boron, barium and sodium; (1000 ug/mL)- potassium; (500 ug/mL or 
100 ug/mL note we use two sources of this standard and each have 
different concentrations for Si) –Silica. 

 
f. Boron solution: (1000 ug/mL). Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. 
 
g.  Stock Tin solution: (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element.  

  
h.   Stock Silver solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
i. Stock Aluminum solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
j.  Stock Calcium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 
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k Stock Magnesium solution:  (10000 ug/mL).  Order from the 
manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
l. Stock Iron solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
m. Stock Potassium solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
n Stock Barium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
o Stock Sodium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
p. Stock Arsenic solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
q. Stock Cobalt solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
r. Stock Chromium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
s  Stock Copper solution:   (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
t.  Stock Manganese solution: (1000 ug/mL). Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
u Stock Nickel solution: (1000 ug/mL). Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
v.  Stock Lead solution:    (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 
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w. Stock Selenium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
x.  Stock Thallium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
y.  Stock Beryllium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

  
z.  Stock Cadmium solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
aa. Stock Antimony solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
bb. Stock  Molybdenum solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
cc. Stock Strontium solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifie within Element. 

 
dd. Stock Titanium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifie Element. 

 
ee. Stock Vanadium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
ff. Stock Zinc solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
gg. Stock Scandium solution (10000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
 

5. Calibration and Calibration Verification standards 
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a. The calibration standards and calibration verification standards 

preparations are recorded in Element.  Please find method of 
preparation in Appendix I. 

  
b. The CRI solution is analyzed to check the accuracy of the instrument 

down near the contract required detection limits (CRDL).  It is 
analyzed in conjunction with the interference check sample.  The 
sample is prepared from a purchased solution which contains 
120 µg/mL Sb, 100 µg/mL Co and V, 80 µg/mL Ni, 50 µg/mL Cu, 
40 µg/mL Zn, 30 µg/mL Mn, 20 µg/mL As, Cr, Ag and Tl, 10 µg/mL 
Be, Cd and Se along with 6 µg/mL Pb.  500 µ/L of the solution is 
diluted to 500 mL.  This solution is stable for 6 months. 
 

hh. The interference check solutions ( ICSA and ICSAB ) are prepared to 
contain known concentrations of interfering elements that will provide 
an adequate test of the IECs.  A solution containing 500 ug/mL Al, Ca, 
Mg and 200 ug/mL Fe is diluted 10x to prepare the ICSA.  The ICSAB 
is prepared by diluting  100x a solution containing 10 ug/mL of As and 
Tl; 20 ug/mL Ag; 50 ug/mL Ba, Be, Cr, Co, Cu, Mn, and V; 100 
ug/mL Cd, Ni and Zn; 5 ug/mL Pb and Se; and 60 ug/L Sb.  Add to 
this a solution containing 500 ug/mL Al, Ca, Mg and 200 ug/mL Fe 
diluted 10x.  These solutions are prepared as needed or monthly. 

 
d.   Reporting Limit Standard-  Prepared 1.0 ml of RL Stock solution A 

and 1.0 ml of RL Stock Solution B diluted to 100 ml with 2% HNO3 
and 5% HCL matrix , mix well. Solution stable for 3 months 

 
6. Digestion standards 

 
a. The Laboratory control sample ( LCS ) is prepared from High Purity 

solutions CLP-CAL-1 solution A and B; CLP-CAL-2 and CLP-CAL-
3.  0.50 mL of CLP-CAL-1 A and B  is diluted to 500 mL with 0.125 
mL of CLP-CAL-2 and CLP-CAL-3.  25 mL of HCl and 10 mL of 
HNO3 are added for preservation.  This solution is stored in a Teflon 
bottle.  A portion is reserved in case of a problem with digestion.  
When there is a problem with the analysis of the LCS the solution is 
checked first before action is taken to make sure that it was made 
properly and has not deteriorated since it was made up.  This solution 
is given a unique identifier.  The LCS is prepared from a source 
independent from that used in the calibration standards.  This solution 
is prepared daily or as needed. Note: The analysis of Molybdenum is 
not a routine procedure but a project-specific requirement. A 
customized LCSW mix must be prepared to contain this target analyte. 
 

b. The solid Laboratory Control Sample (Soil) (LCSS) is prepared by 
weighing up 1.0 g of teflon chips and spiking using the same spiking 
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solutions used to spike the sample matrix.  This standard is given a 
unique identifier i.e. LCSS(date prepared)A,B,C etc. 
 

c. The spiking solutions are prepared as follows: 
 

1. Stock Multi-element Spiking Solutions:  High Purity CLP-
CAL-1 solution A: 2000 ug/mL Al and Ba; 50 ug/mL Be; 
200 ug/mL Cr; 500 ug/mL Co, Mn, Ni, V and Zn; 250 
ug/mL Cu; 1000 ug/mL Fe; 5000 ug/mL Ca, Mg, K and 
Na;  solution B:  250 ug/mL Ag; CLP-CAL-2:  1000 ug/L 
Sb; CLP-CAL-3:  1000 ug/mL As, Pb, Se, Tl; 500 ug/mL 
Cd.  Order from the manufacturer already prepared.  These 
solutions are given a unique identifier.  Add 0.050 mL 
(0.20 mL for soil samples) of CLP-CAL-1 solutions A and 
B, and 0.0125 mL (0.05 mL for soil samples) of CLP-CAL-
2 and 3 to 50 mL of sample (1gram of sample for soils) for 
the following spike values:  2000 ug/L Al and Ba; 50 ug/L 
Be; 200 ug/L Cr; 500 ug/L Co, Mn, Ni, V and Zn; 250 ug/L 
Cu; 1000 ug/L Fe; 5.0 mg/L Ca, Mg, K and Na, 250 ug/L 
Ag, Sb, As, Pb, Se and Tl; 125 ug/L Cd.  A blank spike 
should be prepared at the time the samples are spiked to 
check the actual spike value and accuracy. 

 
2. TCLP Spiking Solution:  Use 0.50 mL diluted to 50 mL for 

digestion:  
2.5 mL  10000 mg/L Ba stock standard diluted to 100 mL; 
2.5 mL Cr, Pb and As 1000 mg/L stock standard diluted to 
100 mL;  0.50 mL Cd and Se diluted to 100 mL . Store in a 
Teflon bottle.  A blank spike should always be prepared at 
the same time a sample is being spiked.  This solution 
should produce a spike value of 2500 ug/L Ba; 250 ug/L 
Cr, Pb and As; and 50 ug/L of Cd and Se.  Note:  Since the 
samples are diluted 10x when digested the spike value will 
appear to be 10x greater when analyzed. 
 

3.  TCLP Silver Spiking Solution:  Use 5.0 mL diluted to 50 
mL for digestion: 
0.40 mL of 1000 mg/L stock Ag solution diluted to 200 
mL.  Store in a Teflon bottle.  A blank spike should always 
be prepared at the same time a sample is being spiked.  
This solution should produce a spike value of  200 ug/L. .  
Note:  Since the samples are diluted 10x when digested the 
spike value will appear to be 10x greater when analyzed.  
Also this solution is not very stable and may require fresh 
preparation at least weekly. 

 



- 

- 
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VIII. CALIBRATION AND ASSOCIATED QA/QC 
 

A. Set up the instrument with proper operating parameters.  The instrument must 
be allowed to become thermally stable before beginning (usually requiring at 
least 30 minutes of operation prior to calibration). 

 
B. Operating conditions - The instrument settings can be found in method 

file.  For operation with organic solvents, use of the auxiliary argon inlet is 
recommended, as are solvent-resistant tubing, increased plasma (coolant) 
argon flow, decreased nebulizer flow, and increased RF power to obtain stable 
operation and precise measurements.  Sensitivity, instrumental detection limit, 
precision, linear dynamic range, and interference effects must be established 
for each individual analyte line on that particular instrument.  The analyst 
must (1) verify that the instrument configuration and operating conditions 
satisfy the analytical requirements and (2) maintain quality control data 
confirming instrument performance and analytical results. 

 
C. Autopeak when some change has been made to the introductory system and 

calibrate the instrument according to the instrument manufacturer's 
recommended procedures, using the typical mixed calibration standard 
solutions.  (See SOP-106, ICP Instrument Operation)  Flush the system with 
2% HNO3 / 5% HCl between each standard or as the manufacturer 
recommends.  (Use the average intensity of multiple exposures for both 
standardization and sample analysis to reduce random error.)  The calibration 
curve consists of a blank and three standards (r>0.998).  If  a three point 
calibration curve is not required for the client samples being analyzed 
Empirical Laboratories may use a blank and one standard as referenced in 
USEPA - CLP protocols. 

 
D. Before beginning the sample run, analyze the Iron and Aluminum  standards 

at their linear range to check for IEC drifts.   Analyze these standards first as 
QC samples with an IEC check table and action taken should be to calculate 
IECs  using the iTEVA software.  Make sure to rinse thoroughly after running 
these linear range standards, they can cause carry over into the initial QC 
samples which are analyzed next. The analysis order follows as: ICV (+ 10%) 
for 200.7 (+ 5%) and ICB (< ±MDL or ±RL/CRDL for others or CLP, for 
CCB, DOD QSM Ver. 3  no analytes detected >2xMDL) first, then analyze 
a reporting limit standard (a standard at the concentration of the reporting 
limit).  This standard should be within ±20% for DOD projects and ±30% for 
samples analyzed for 6010C.  Then reanalyze the highest mixed calibration 
standard(s) as if it were a sample.  Concentration values obtained should not 
deviate from the actual values by more than 5%.  If they do, follow the 
recommendations of the instrument manufacturer to correct for this condition. 

 
E. For CLP projects, verify the validity of the curve in the region of 2x the 

contract required detection limit ( CRDL ) before and after each batch of 20 
samples in the specific order of CRI, ICSA, ICSAB, CCV and CCB(CCB 



- 
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criteria: < ±MDL or ±RL/CRDL for others or CLP, for CCB, DOD QSM 
Ver. 3  no analytes detected >2xMDL, beginning and end of sequence and 
after every 10 samples) or twice during every 8-hour work shift, whichever 
is more frequent.  Results should be within +20%.  Supervisor must be 
notified if the control limit is not met.  Supervisor will dictate corrective 
action if required.  The final analytical report must document this situation.  
(For Internal QC) 

 
F. Verify the interelement and background correction factors at the beginning 

and after each batch of 20 samples in the specific order of CRI, ICSA, 
ICSAB, CCV and CCB(CCB criteria: < ±MDL or ±RL/CRDL for others or 
CLP, for CCB, DOD QSM Ver. 3  no analytes detected >2xMDL, 
beginning and end of sequence and after every 10 samples) or twice during 
every 8-hour work shift, whichever is more frequent.  Do this by analyzing the 
interference check solution A and AB.  Results should be within +20% of the 
true value for ICSAB. For ICSA DOD QSM Ver 3. , absolute value of 
concentration for all non-spiked analytes < 2xMDL.(CRI, ICSA and 
ICSAB required at the end for CLP projects only). 

 
G. When analyzing samples associated with North Carolina or with DOD QSM 

Ver. 3 work, a solution containing analytes at their reporting limit must be 
analyzed prior to sample analysis.  The concentrations must be within 20% 
DOD( 20 or 30% depending on project) of their true values to be acceptable. 
 
Note: Supervisor must be notified if the control limit is not met.  

Supervisor will dictate corrective action if required.  The final 
analytical report must document this situation. 

 
H. The instrument must be calibrated once every 24 hours if performing straight 

CLP work. 
 
I. Instrument Autosampler Report example: 

 
Calibration Rack(used by instrument software to insert QC) 
 
1) STD 1-blank 
2) Low Cal 
3) Mid Cal 
4) Ba @ 5000 ppb 
5) QC5 
6) QC 21 
7) NAK 100 
8) QC3 

 
Sample Sequence RACK 1 

 
1) Al IEC-(readback) 
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2) Fe IEC-(readback) 
3) ICV 
4) ICB-initial 
5) RL-reporting limit standard 
6) Ba@ 5000 ppb (readback) 
7) QC5  
8) NAK High-(readback) 
9) QC 21 High-(readback) 
10) Salt Cal  at 500 ppm (readback) 
11) Rinse 
12) CRI-0 
13) ICAS-0 
14) ICASB-0 
15) Rinse 
16) CCV 1A 
17) CCB 1A 
18) Preparation Blank (Batch # BLK-1) 
19) Laboratory Control Sample ( Batch # BS-1) 
20) Sample 1 
21) Sample 2 
22) Sample 3 
23) Sample 4 
24) Sample 5 
25) Sample 6 
26) Sample 7 
27) Sample 8 
28) CCV 1B 
29) CCB 1B 
30) Sample 9 
31) Sample 10 
32) Sample 11 
33) Sample 12 
34) Sample 13 
35) Sample 14 
36) Sample 15 
37) Sample 16 
38) Sample 17 
39) Sample 18 
40) CCV 2A 
41) CCB 2A 
42) Sample 19 
43) Sample 20 
44) Sample matrix spike (batch# MS-1) 
45) Sample matrix spike duplicate (batch# MSD-1) 
46) Sample post digestion spike (batch# PS-1) 
47) Sample serial dilution (batch# SRD-1) 
48) CRI-1 
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49) ICSA-1 
50) ICSAB-1 
51) Rinse 
52) CCV 2B 
53) CCB 2B 
54) Preparation Blank (batch# BLK-1) 
55) Laboratory Control Sample (batch# BS-1) 
56) Sample 1 
57) Sample 2 
58) Sample 3 
59) Sample 4 
60) Sample 5 

 
RACK 2  
 
1) Sample 6 
2) Sample 7 
Etcetera… 
 
Each rack holds 60 samples and there are 4 racks that are used for samples, CCVs 
and CCBs and run QC. 

 
IX. PROCEDURE 

 
A. Once the instrument has been calibrated, begin the analysis of samples. 
 
B. If particulates are visible in the digestate, the sample must be filtered prior to 

analysis.  If filtration is required, a filter blank must be prepared by filtering 
reagent grade water which has been properly acidified.  In the event USACE 
samples are filtered, all USACE samples and the QC samples in that QC 
batch must be filtered.  All USACE solid samples and their associated 
batch QC samples must be filtered prior to analysis. 

 
C. Flush the system with 2% HNO3 / 5% HCl for at least 1 minute before the 

analysis of each sample. 
 
D. Dilute and reanalyze samples that are more concentrated than the linear 

calibration limit or, for 200.7, + 10% of the linear range standard.  In the case 
of USACE samples, the criterion changes and requires dilution and 
reanalysis of all samples which produce a concentration that exceeds the 
highest calibration standard.  Sample results detected between the MDL 
and RL are flagged as estimated with a ”B” flag.   

 
E. Verify calibration every 10 samples or every 2 hours, whichever is more 

frequent and at the end of the analytical run, using a continuing calibration 
verification (CCV) sample and a continuing calibration blank (CCB) sample. 
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• The results of the CCV are to agree within 10% for 6010 (5% for 200.7) 
on initial verification of the expected value, with relative standard 
deviation (RSD) < 5% from replicate ( minimum of two integrations ).                              
If not, terminate the analysis, correct the problem, and reanalyze the 
previous ten samples.  The analyst may continue the analytical run, and 
after conferring with the section manager it may be necessary to reanalyze 
a group of samples.  The analyst must notify the section manager within 
24 hours. 

 
• The results of the calibration blank (this is not the method/preparation 

blank) are to agree within  < ±MDL(SW-846 Method 6010B), and  3 x 
IDL or CRDL for CLP, for DOD QSM Ver. 3  no analytes detected 
>2xMDL.  If the calibration blank is not in control, evaluate the impact 
upon the previous 10 samples.  Reanalysis may be required after an 
evaluation of the data.  If the blank < 1/10 the concentration of the action 
level of interest, and no sample is within 10% of the action limit, samples 
need not be reanalyzed.  One must also evaluate the reporting limit (RL) 
as it relates to 3X the IDL/MDL.  If the RL is significantly above 3X IDL 
or MDL then reanalysis  may not be required (Na, K, Mg and Ca are good 
examples of this situation). 

 
• Total hardness is reported from HNO3 preserved sample.  The final 

concentration is calculated from the calcium and magnesium results as 
follows: 

 
       Ca mg/L x 2.5 + Mg mg/L x 4.1 = total Hardness in mg/L as CaCO3 
 

             F.   Documentation of Capability (DOC) – Each analyst must perform a DOC to 
demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 
X. CALCULATIONS 
 

A. The instrument will generate data results in mg/L or µg/L ( labeled 
appropriately).  Each result represents an average of three individual readings 
per  metal channel. 

 
B. For aqueous samples, if a post/predigestion dilution is performed, the result 

must be multiplied by this factor or the dilution factor must be entered into the 
instrument data table in which case the instrument will generate data corrected 
for the dilution. 

 
C. For solid samples, if a postdigestion dilution is performed , the result must be 

multiplied by this factor or the dilution factor must be entered into the 
instrument data table in which case the instrument will generate data corrected 
for the dilution.  Also, the result must be converted to reporting units which 
are usually mg/kg. 
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SR ( ug/g or mg/kg ) = IR*DF*FED/SM 
 

SR = Sample result 
IR = Instrument result ( µg/L ) 
DF = Dilution factor ( post digestion ) 
FED = Final volume of digestate ( L ) 
SM = Sample mass digested( g ) 

 
XI. QUALITY CONTROL 
 

A. Daily 
 

1. See sections VIII and IX above. 
 
B. Quarterly 

 
1. Linear range standards must be analyzed at a frequency no less than once 

every three months.  The linear range standard represents the second 
standard required for verification that samples are actually linear to the 
degree claimed.  The analyst is responsible for completing this task in a 
timely manner.  The linear range standard must be within +/-5% of true 
value. 

 
2. The interelement correction factors ( IEC ) should be verified at the time 

the linear range standards are analyzed. 
 

3. IDL’s if CLP work required. 
 

C. Digestion 
 

1. All quality control data should be maintained and available for easy 
reference or inspection. 

 
2. Employ a minimum of one method blank per sample batch to determine if 

contamination or any memory effects are occurring.  A method blank, 
sometimes referred to as the preparation blank is a volume of reagent 
water acidified with the same amounts of acids as were the standards and 
samples.  These blanks are taken through the same digestion/preparation 
steps as the sample being tested.  The result for the method blank should 
not indicate contamination greater than  ± ½  RL (USACE) or ±RL/CRDL 
for other or CLP.  If exceeded, the impact upon the data should be 
evaluated and the associated sample(s) should be either redigested or the 
data should be qualified. 

 
3. Employ a minimum of one laboratory control sample ( LCS ) for aqueous 

samples or one teflon chip spiked sample per sample batch to verify the 
digestion procedure.  These LCSs are taken through the same 
digestion/preparation steps as the sample being tested.  The control limits 
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are +15% method 200.7 - aqueous and soil samples or +20% for all other 
methods aqueous and soil samples. If the LCS is not in control, the impact 
upon the client data should be evaluated and the associated sample(s) 
should be redigested.  Consult your supervisor for further action.  
Qualifying the associated data may not be permissable for some clients. 

 
D. Sample 

 
1. Analyze one replicate sample for every twenty samples or per analytical 

batch, whichever is more frequent.  A replicate sample is a sample brought 
through the whole sample preparation and analytical process in duplicate.  
It is acceptable to substitute a matrix spike duplicate for the sample 
replicate.  Project specific requirements will take precedence in these 
situations.  NJDEP demands that this requirement be met with a client 
specific duplicate rather than a spike duplicate. The control limits are 20% 
RPD (if both are >5x CRDL) or ± the CRDL ( if either are <5X CRDL).  

 
2. Analyze one spiked sample and spiked sample duplicate for every twenty 

samples or per analytical batch, whichever is more frequent.  A replicate 
sample is a sample brought through the whole sample preparation and 
analytical process in duplicate.  Project specific requirements will take 
precedence in these situations.  If the analyte level in the sample is not 
greater than 4X the spiking level, the spike recoveries should be within 
+25% of the true value (+ 20% for DOD projects).  If not, a post 
digestion spike should be analyzed. 

 
 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD (non-aqueous samples may routinely exceed this 
amount) shall be used for sample values greater than five times the 
contract required detection limit.)  Supervisor must be notified if the 
control limit is not met.  Supervisor will dictate corrective action if 
required.  The final analytical report must document this situation. 

 
4. The following should be analyzed with each preparation batch containing 

a matrix spike. 
 

• Serial dilution:  If the analyte concentration is sufficiently high 
(minimally, a factor of 50 above the instrumental detection limit after 
dilution), an analysis of a 1:4  dilution (volumetric glassware must be 
used) should agree within +10% of the original determination.  If not, 
a chemical or physical interference effect should be suspected.  The 
analyst and or section manager must note this situation on the final 
analytical report. 

 
• Post digestion spike addition:  An analyte spike added to a portion of a 

prepared sample, or its dilution, should be recovered to within 85% to 
115% of the known value and is required if the pre-digestion matrix 
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spike (low-level only for CLH) is outside of control limits.  The spike 
addition should produce a minimum level of 10 times and a maximum 
of 100 times the instrumental detection limit.  If the spike is not 
recovered within the specified limits, a matrix effect should be 
suspected.  The analyst and or section manager must note this situation 
on the final analytical report. 

 
E. Method Detection Limit (MDL), Empirical Laboratories Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
TABLE I 

 
 

Aqueous and Soil Method Detection Limits(MDL), Empirical Laboratories Reporting Limits(ERL),
 CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 

 
Analytes by 

EPA 
200.7,3005A/30

50A- 6010B 
SOW 4.1 & 5.2 

AQUEOUS 
MDL 
(ug/L) 

AQUEOUS 
ERL 

(ug/L) 

AQUEOUS 
CRQL  

ILMO 4.1 
 (ug/L) 

AQUEOUS 
CRQL  

ILMO 5.2 
(ug/L) 

SOLID/SOIL
MDL 

(mg/Kg) 

SOLID/SOIL 
ERL 

(mg/Kg) 

SOLID/SOIL 
CRQL  

ILMO 4.1  
(mg/Kg) 

SOLID/SOIL 
CRQL  

ILMO 5.2 
(mg/Kg 

Silver 1.0 10 10 10 0.20 2.0 2 2 
Aluminum 50 200 200 200 10 40 40 40 

Arsenic 3.0 10 10 15 0.6 2.0 2 3 
Barium 5.0 200 200 200 1.0 40 40            40 

Beryllium 1.0 5.0 5 5 0.20 1.0 1 1 
Calcium 1000 5000 5000 5000 20 1000 1000 1000 

Cadmium 1.0 5.0 5 5 0.20 1.0 1 1 
Cobalt 5.0 50 50 50 1.0 10 10 10 

Chromium 2.0 10 10 10 0.40 2.0 2 2 
Copper 4.0 25 25 25 0.40 5.0 5 5 

Iron 30 100 100 100 1.0 20 20 20 
Potassium 1000 5000 5000 5000 40 1000 1000 1000 

Magnesium 1000 5000 5000 5000 40 1000 1000 1000 
Manganese 1.0 15 15 15 0.20 3.0 3 3 

Sodium 1000 5000 5000 5000 40 1000 1000 1000 
Nickel 3.0 40 40 40 1.0 8.0 8 8 
Lead 1.5 5.0 3 10 0.60 2.0 0.6 2 

Selenium 3.0 10 5 35 0.60 2.0 1 7 
Antimony 5.0 60 60 60 1.0 12 12 12 
Thallium 3.0 10 10 25 0.60 2.0 2 5 

Vanadium 5.0 50 50 50 1.0 10 10 10 
Zinc 5.0 20 20 60 1.0 4.0 4 12 
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TABLE 2 

 
 

METAL 
 

 
WAVELENGTH 

 

Aluminum 396.1 
Antimony 206.8 
Arsenic 189.0 
Barium 233.5 

Beryllium 313.0 
Cadmium 228.8 
Calcium 317.9 

Chromium 267.7 
Cobalt 228.6 
Copper 324.7 

Iron 261.1 
Lead 220.3 

Magnesium 279.0 
Manganese 257.6 

Molybdenum 202.0 
Nickel 231.6 

Potassium 766.4 
Selenium 196.0 

Silver 328.0 
Sodium 589.5 

Thallium 190.8 
Tin 189.9 

Titanium 334.9 
Vanadium 292.4 

Zinc 206.2 
 
 
XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
 

1. ICV not within + 10% or + 5% for 200.7 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate through analysis of appropriate standards and recheck 
ICV. 



- 

- 

- 
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2. ICB not  +MDL or  within + 3X IDL or CRDL for CLP, DOD QSM Ver. 

3  no analytes detected >2xMDL 
 

a. Is the problem with the solution? 
i. Reprepare 

b. Is the problem with the calibration? 
i. Recalibrate with the blank solution or the low level standard.  

Restart analysis with the ICV. 
 

3. Check standards not within + 5% 
a. Is the problem with the solution? 

i. Repour, reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis 
with the ICV. 

 
4. CRI not within + 20% (Internal QC, only required for CLP work). 

a. Is the problem with the solution? 
i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 
i. Recalibrate thru analysis of appropriate standards.  Restart 

analysis with the ICV. 
5. ICSA metals not present are not less than the CRDL for that metal, for 

ICSA DOD QSM Ver 3. , absolute value of concentration for all non-
spiked analytes < 2xMDL. 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart 
analysis with the ICV. 

 
6. ICSAB not within + 20% 

a. Is the problem with the solution? 
i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 
i. Recalibrate thru analysis of appropriate standards.  Restart analysis 

with the ICV. 
 

7. CCV not within + 10% 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. If appropriate, continue the analysis.  Discuss effect of the out of 
control situation with your supervisor.  The samples will be 
reanalyzed or the data will be qualified.  Note: CLH data must 



- 
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always be reanalyzed back to the last compliant CCV and not 
qualified. 

 
8. CCB not   +MDL or  within + 3X IDL or CRDL for CLP, DOD QSM 

Ver. 3  no analytes detected >2xMDL 
a. Is the problem with the solution? 

i. Reprepare 
b. Is the problem with the calibration? 

i. Apply SW846 guidance.  (See Section IX-E for additional 
guidance).  Note:   CLH data must always be reanalyzed back to 
the last compliant CCB and not qualified. 

 
B. DIGESTION RELATED 
 

1. Preparation blank not within + ½  RL and + RL for common contaminants 
USACE  or RL/CRDL for other or CLP 
a. Is the problem with the instrument? 

i. Evaluate with respect to instrumental bias or reanalyze when 
instrument is in control. 

b. Is the problem with the digestion? 
i. If associated samples are less than 10X the level of the preparation 

blank but above the RL, the sample must be redigested or the data 
must be qualified on the final report.  

 
2. LCS not within control limits 

a. Is the problem with the instrument? 
i. Evaluate with respect to instrumental bias or reanalyze when 

instrument is in control. 
b. Is the problem with the digestion? 

i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
C. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% (if both are >5X CRDL) or ± the 
CRDL ( if either are <5X CRDL). 
a. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25%(+ 20% for DOD projects) 
a. Is the analyte level in the sample greater than 4X the spiking level? 

i. If yes, the spike recovery is not evaluated. 
ii. If no, a post digestion spike must be analyzed and the 

associated sample data must be qualified on the final report. 
 

3. When required, post digestion spike analysis recovery not within +15%. 
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a. The associated sample data must be qualified on the final report. 
b. For USACE analysis by MSA is required. 

 
4. Serial dilution analysis percent difference not within +10% 

a. Is the analyte concentration a factor of 50 above the instrumental 
detection limit after dilution? 
i. If no, the serial dilution data can not be evaluated. 
iii. If yes, a chemical or physical interference effect should be 

suspected.  The analyst and or section manager must note this 
situation on the final analytical report. 

 
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
Please see Waste Disposal SOP-405 fot instruction of proper disposal of waste 
generated from this area. 
 

            Quantity of chemicals purchased should be based on expected usage during 
its shelf-life    and the disposal cost of unused material. Actual reagent 
preparation volumes should reflect anticipated usage and reagent stability. 
 

XIV. REFERENCES 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
SW-846; Third Edition (Update III); Method 6010B and Method 6010C 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 200.7; 

APX-B 
 

3. USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 
ILM05.2 

  
Refer to SOP-431 for common environmental laboratory definitions. 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

Addendum for USEPA CLPILM 05.2 
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1. The control limit for the ICSA is at 20% or ±CRQL whichever is greater. 
2. Preparation codes are required in the digestion log See SOW Exhibit B 

for a listing of these codes with definitions. 
3. The CRQL check standard is run at the concentration of the respective 

CRQLs.  For a listing of CRQL for this SOW see Exhibit C.  Several of 
the metals concentration levels have changed. 

4. The spiking level for CLP ILM 05.2 is at 50 ug/L for selenium.  All other 
spike levels remain the same as in SOW ILM 04.1.  

5. The CCV shall be analyzed at a different concentration then the ICV (at 
or near one-half of the calibration standard concentration.   

6. The post digestion spike must be analyzed at 2x the indigenous level of 
the sample or two times the CRQL whichever is greater. 

7. A Non-prepared MDL study must be analyzed and the results of this 
study used for MDL reporting when sample volumes are not digested. 

 
 
 
 
 

CHANGES TO FORMS for SOWCLPILM 05.2 
 

1. Forms must be double-sided 
2. A photocopy of the instrument's direct sequential readout shall be 

included. 
3. Undiluted samples must be reported as well as diluted samples. 
4. J flags are used in place of B flags when a sample has a concentration 

less the CRQL but greater then or equal to the MDL.  
5. A D flag is used for samples reported from a dilution. 
6. All results are reported down to the MDL not the IDL. 
7. Preparation codes are used on form 13. 

The form for method of standard additions (MSA) has been removed 
and all subsequent QC has move up one form number in other words 
form 8 is now serial dilution when it used to be the MSA 
form,etcetera.
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ANALYST DATA REVIEW CHECKLIST Sample Number(s): 
Batch Number(s): 
Method: 6010B ( ICP ) 

QA/QC Item Yes No NA Second Level 
Review 

1. Were samples analyzed within USACE holding times?     
2. Was initial calibration curve QC criteria met?     
3. Was all continuing calibration criteria in control?  

 
 
 

 
 

 
 

4. Did any sample exceed the highest calibration standard?     
 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

5. Did LCS or blank spike meet control limits?  
 

 
 

 
 

 
 

6. Did MS/MSD meet control limits?     
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

    

8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

9. Was hot plate temperature monitored/documented and did you 
 apply the thermometer correction factor? 

    

10. Sample preparation information is correct and complete.     
11. Analytical results are correct and complete.  

 
 
 

 
 

 
 

12. The appropriate SOP's have been used and followed.     
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

    

15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

    

 
 

Comments on any "No" response: 

  Analyst:  Date:  
   

Second-Level Review:  Date:  
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Preparation Method for Calibration Standards 
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Changes Summary 
 
Revision 04, 08/30/2010 

• The SOP is an update from Revision 03 dated 12/19/08 
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FLASHPOINT/IGNITABILITY 
SW846 Method 1010A 

 
 
I. SCOPE AND APPLICATION: 
 

A. The Pensky-Marten closed cup tester is used to determine the Flashpoint of liquids. 
 
II. METHOD SUMMARY: 
 

A. The sample is heated at a slow, constant rate with continual stirring.  A small flame is directed into the 
cup at regular intervals with simultaneous interruption of stirring.  The flash point is the lowest 
temperature at which application of the test flame ingintes the vapor above the sample.  Sample results 
are corrected for ambient barometric pressure after determination. 

 
III. SAMPLING HANDLING AND PRESERVATION: 
 

A. Store samples at 4 oC.  Some samples may require freezing before the test can be accurately measured. 
 
 
IV. INTERFERENCES: 
 

A. None. 
 
V. EQUIPMENT/APPARATUS: 
 

A. Pensky-Marten closed cup tester with stirring mechanism. 
 
B. Propane. 

 
C. Thermometer capable of reading in 0.5 oC from -5 to 110 oC.  ASTM 9 C. 
 Thermometer capable of reading in 2.0° C from 90 to 370° C.  ASTM 10 C. 
 
D. Igniter. 

 
VI. REAGENTS: 

 
A. p-Xylene, neat liquid. 

 
 

VII. PROCEDURE: 
 

A. Fill the test cup with sample up to the line engraved on the inside of the cup. 
B. Place the cup in the heater. 
C. Heat the sample at a slow, constant rate. 
D. Test for a flash by placing the ignition source into the vapor above the sample. 
E. Continue to test for a flash every 2 oC until either the sample flashes or the temperature of the sample 

reaches 100 oC. 
 

VIII. CALCULATIONS: 
The barometric pressure is read on a digital barometer which measures in inches mercury.  Remember to 
convert to millimeters mercury using the following constant:  
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   1 inch Hg = 25.4 mm Hg 
 

Observe and record the ambient barometric pressure at the time of the test.  When the pressure differs 
from 101.3 kPa (760 mm Hg), correct the flash point as follows: 
 
  Corrected flash point = C + 0.033 (760 - P) 
Where: 
 
C = observed flash point,  °C, 
P = ambient barometric pressure, mm Hg 
 
Note:  Aneroid barometers, such as those used at weather stations and airports , are precorrected to give 
sea level readings and would not give the correct reading for this test 
 

IX. QUALITY CONTROL: 
 

A. The Flashpoint of the p-xylene should be determined at the beginning and end of each set of 20 or less 
samples.  The p-xylene should flash at 27.2 oC with control limits of 
+/-1.1 oC. 
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Changes Summary: 

 

Revision Date: 03/25/2010 

 

• The SOP has been reviewed for accuracy and completeness.  No changes have been made. 

 



- 
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DISTILLATION OF CYANIDE, TOTAL AND AMENABLE 

 

REFERENCE:  

SW846 METHOD 9012A, USEPA Methods 335.1, 335.4, Standard Methods SM 4500-CN C,G, 18
th

, 

19
th

 ED. / CLP ILMO 4.1 

See Addendum for USEPA CLPILM 05.2 (Aqueous, Soil/Sediment) 

 

 

I. SCOPE AND APPLICATION 

 

A. This method is applicable to the distillation of cyanide from drinking, surface, and saline 

waters, domestic and industrial wastes, and soil/sediments. 

 

B. The limit of detection for waters is 0.0050 mg/L and the limit of quantitation is 0.010 mg/L.  

The limit of detection for soils is 0.13 mg/kg and the limit of quantitation is 0.25 mg/kg. 

 

II. SUMMARY OF METHOD 

 

 A. The cyanide as hydrocyanic acid is released from cyanide complexes by means of a reflux 

distillation operation, and absorbed in a scrubber containing sodium hydroxide solution.  The 

cyanide ion in the absorbing solution is then determined colorimetrically. 

 

 B. Cyanide is defined as cyanide ion (CN-) and complex cyanides converted to hydrocyanic 

acid (HCN) by reaction in a reflux system of a mineral acid in the presence of magnesium ion. 

 

III. SAMPLE HANDLING AND PRESERVATION 

 

A. The sample should be collected in plastic or glass bottles of 100 mLs.  All bottles must be 

thoroughly cleansed and thoroughly rinsed to remove soluble material from containers. 

 

B. Oxidizing agents such as chlorine decompose most of the cyanides.  Test a drop of the sample 

with potassium iodide-starch test paper (KI starch paper); a blue color indicates the need for 

treatment.  Add ascorbic acid, a few crystals at a time, until a drop of sample produces no color 

on the indicator paper.  Then add an additional 0.06 g of ascorbic acid for each liter of sample 

volume. 

 

C. Samples (not including soils/sediments) must be preserved with 2 mL of ten normal sodium 

hydroxide per liter of sample (pH >12) at time of collection. 

 

D. Samples should be analyzed as rapidly as possible after collection.  If storage is required, the 

samples should be stored in a refrigerator to maintain temperature at 4°C. 

 

E. The holding time for cyanide is 14 days counting the day of sampling as the first day.  This 

applies for soils as well as waters.  Samples must be distilled and analyzed within 14 days of 

sampling. 

 

IV. INTERFERENCES 
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A. Interferences are eliminated or reduced by using the distillation procedure. 

 

B. Sulfides adversely affect the colorimetric procedures.  Samples that contain hydrogen sulfide, 

metal sulfides, or other compounds that may produce hydrogen sulfide during the distillation, 

must be treated by adding lead acetate, or if the sulfide concentration is too high, add powdered 

lead carbonate [Pb(CO3)2] to avoid significantly reducing pH.  Repeat test until a drop of 

treated sample no longer darkens the acidified lead acetate test paper.  Filter sample before 

raising pH for stabilization.   

 

C. High results may be obtained for samples that contain nitrate and/or nitrite.  During the 

distillation, nitrate and nitrite will form nitrous acid, which will react with some organic 

compounds to form oximes.  These compounds once formed will decompose under test 

conditions to generate HCN. Nitrate and nitrite interference is eliminated by adding 0.5 ml of 

sulfamic acid solution (VII.A.7) before distillation. 

 

D. The presence of surfactants may cause the sample to foam during refluxing.  If this occurs, the 

addition of an agent such as Dow Corning 544 antifoam agent will prevent the foam from 

collecting in the condenser. 

 

V. SAFETY 

 

A. CAUTION:  KCN is highly toxic.  Avoid contact with standard solutions. 

 

B. If an alkaline solution containing simple cyanide is acidified, the simple cyanide will be 

released. 

 

C. The toxicity or carcinogenicity of each reagent used in this method has not been fully 

established.  Each chemical should be regarded as a potential heath hazard and exposure 

should be as low as reasonably achievable.  Cautions are included for known extremely 

hazardous materials or procedures. 

 

D. Your laboratory manager and/or Safety Officer is responsible for maintaining a current 

awareness file of OSHA regulations regarding the safe handling of the chemicals 

specified in this method.  A reference file of Material Safety Data Sheets  (MSDS) are 

made available to all  personnel involved in the chemical analysis. A formal safety plan is 

also available.  Use proper personal protection equipment, PPE, such as safety glasses, 

gloves and laboratory coats should be warn when handling samples and chemicals. 

 

 

VI. EQUIPMENT/APPARATUS  

 

A. Reflux distillation apparatus is a midi-distillation apparatus which uses Hammett Scientific 

Glassware Note:  This glassware is made to fit our specific block digester for cyanide.  

Glassware orders must be made in advance since they are not made until ordered. 
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VII. REAGENTS AND STANDARDS PREPARATION 

 

A. Reagents 

 

1. Sodium Hydroxide, 0.25N:  Dissolve 10 g grams of NaOH in DI water and dilute to 1 liter 

with DI water.  Store in a labeled plastic container at room temperature. 

 

2. Sulfuric Acid 1:1:  Slowly add 500 mL of concentrated H2SO4 to 500 mL DI water.  Use 

caution because solution will become extremely hot!!  Allow to cool while continuing to 

stir.  Store in a labeled container at room temperature. 

 

4. Magnesium Chloride Solution:  Weigh 510 g of MgCl2•6H2O into a 1 liter flask; 

dissolve and dilute to 1 liter with DI water. Store in a labeled plastic container at room 

temperature. 

 

5. Chlorine Bleach Made with Sodium Hypochlorite, such as Chlorox. 

 

6. Rhodanine Indicator: 

Dissolve 20 mg of p-dimethyl-amino-bensalrhodanine in 100 mL acetone. 

 

7. Sulfamic Acid:  Dissolve 40 g of sulfamic acid in DI water, dilute to 100 mL (saturated 

solution).  NOTE:  When making this reagent for use with the maxi-distillation system the 

40 g of sulfamic are diluted to one liter with DI water 

 

8. Phenolphthalein solution:  Commercially prepared. 

 

9. Lead Acetate Test Paper:  Commercially prepared. 

 

10. Acetate  Buffer Solution, pH 4.0:  Dissolve 146g anhydrous NaC2H3O2, or 243 g 

NaC2H3O2.3H2O, in 400 mL distilled water, add 480 g conc. acetic acid, and dilute to 1 L 

with chlorine-demand-free water. 

 

11.  Lead Acetate 

 

12. Powdered Lead Carbonate [Pb(CO3)2]   

 

B. Standards 

 

1. Traceability 

 

a. All reference materials must be recorded in Element and given an element 

identification number.  The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  These 

materials/solutions are to be identified by a unique number in Element as well as on the 

container's label. 

 

b. All working standards made from reference materials shall be labeled with a unique ID 

number from Element with complete information on preparation date, concentration of 
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each compound, solvent, preparer's name, expiration date.  Reagents shall be labeled 

with date received and expiration date, if applicable.  All of the information described 

above shall also be recorded in Element.  Measurements made during standards 

preparation (e.g., from weighing operations, volume diluted to, etc.)  shall also be 

recorded on the bench sheet.  There should be no container with sample, sample 

extract, standard solution, etc. that is not correctly labeled and properly stored. 

 

 

2. Preparation 

 

a. Stock Cyanide Solution at 1000 mg/L: Commercially prepared. 

 

b. Working Standard Cyanide Solution:  Prepare fresh daily by diluting 1 mL of stock 

cyanide solution to 100 mL in a volumetric flask with using 0.25N NaOH as diluent.  

1 mL - 10 µg CN.  Record the preparation in Element. 

 

c. Performance Evaluation (PE) samples which we have analyzed and received true 

values for are used for the Laboratory Control Samples.  These PE samples are given a 

unique identifier and all information such as expiration date (typically one year from 

the date made), source, concentration and preservation are recorded in Element and the 

Element # assigned is used to label this PE sample and is used on all data to trace it 

back to its source and true concentration.  

 

VIII. CALIBRATION 

 

A. Not applicable.  See SOP-175 “POST DISTILLATION ANALYSIS OF CYANIDE BY THE 

LACHAT” for analysis.  

 

 

IX. PROCEDURE 

 

A. Pretreatment for cyanides amenable to chlorination 

 

1. Two sample aliquots are required to determine cyanides amenable to chlorination.  Place 

one 25 mL aliquot or a volume diluted to 25 mL, in a 100 mL beaker, under the hood, add 

a stirring bar, and place on a magnetic stirrer, and start stirring bar turning. 

 

2. Check pH and adjust to between 11 and 12 units, with 1.25N NaOH.  Use NaOH pellets if 

solution is highly buffered. 

 

3. Add sodium hypochlorite chlorine bleach (Chlorox) solution dropwise until a drop of well-

mixed sample turns KI starch paper a distinct blue color.  Add about 10 drops excess 

bleach.  (Caution:  the initial reaction product of alkaline chlorination is the very toxic gas 

cyanogen chloride.)  Maintain this excess for one hour, continuing agitation.  Check 

periodically during the hour (15 minute intervals) to make sure an excess is maintained.  If 

necessary, add additional hypochlorite bleach solution.  Also check the pH and adjust back 

up to 11 to 12 units if necessary. 
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4. After one hour, add 0.025 g portions of ascorbic acid until KI starch paper shows no 

residual chlorine.  Add an additional 0.025 g of ascorbic acid to ensure the presence of 

excess reducing agent. 

 

5. Turn off stirring plate and remove stirring bar.  Proceed with distillation as in the 

procedure. 

 

6. Test for total cyanide in both the chlorinated and unchlorinated aliquots.  (The difference of 

total cyanide in the chlorinated and unchlorinated aliquots is the cyanide amenable to 

chlorination.) 

 

B. Spikes and high and low check standards 

 

1. Spikes:  Matrix spikes are prepared by diluting 2.5 mL of the  High DCV solution in #3 

below, to 25 mL with sample (adding 22.5 mL of sample and 2.5 mL of DCV high to the 

distillation tube).  The concentration of this spike is 0.10 mg/L.  

 

2. Low Distilled Check standard (low DCV).  Dilute 2.0 mL of the 10 mg/L working 

standard to 100 mLs in a volumetric flask.  Then dilute 6.0 mLs of this solution to 25 mLs 

with 0.25N NaOH, to make a 0.048 mg/L standard. 

 

3. High Distilled Check standard (high DCV).  Dilute 10 mLs of the 10 mg/L working 

standard to 100 mLs in a volumetric flask with DI water.  Then dilute 5 mLs of this 

solution to 25 mLs with 0.25N NaOH,  to make a 0.20 mg/L standard. 

 

C. Distillation 

 

1. For Waters:  Place 25 mL of sample, or an aliquot diluted to 25 mL, in a sample tube.  0.25 

N NaOH must be used for all sample dilutions following the distillation. 

 

2. For Soils or Sludges:   

 

a.) It is extremely important that waste (when appropriate), soil and sediment samples be 

mixed thoroughly to ensure that the sample is as representative as possible of the 

sample media.  The most common method of mixing is referred to as quartering.  The 

quartering procedure should be performed as follows: 

 

• The material in the sample pan(inorganic-plastic/organic-aluminum)  should be 

divided into quarters and each quarter should be mixed individually. 

• Two quarters should then be mixed to form halves. 

• The two halves should be mixed to form a homogenous matrix. 

                  

This procedure should be repeated several times until the sample is adequately mixed. 

 

NOTE:  Samples that are clay type materials should be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to most 

anything that touches it, another approach must be followed.  Obtain a 
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representative sub-sample aliquot from the center or middle section of the sample 

container. 

 

b.) Accurately weigh a representative 1-g minimum (record actual weight) portion of wet-

weight sample (unless there are project-specific requirements where a lower detection 

limit is required) and transfer it to a sample tube.  Add 25 mL of 0.25 N NaOH.  Shake 

or stir the sample so that it is dispersed. 

 

3. Add one drop of Phenolphthalein solution  to verify preservation.  A positive test is 

indicated by a bright pink color.  If not add a small amount of NaOH.  

 

4. To test for sulfide, place a drop of sample on lead acetate paper, previously moistened with 

acetic acid buffer solution (pH 4).  A positive test is indicated by a black color on the 

paper.    

 

a.) If positive the sample will need to be filtered through 934AH filter paper. (4.5cm size)  

The filtrate will be treated and the filter added back to the treated filtrate before 

distillation. 

 

b.) Treat filtrate with powdered lead carbonate [Pb(CO3)2].  Repeat test until a drop of 

treated sample no longer darkens the acidified lead acetate test paper. 

 

c.) Filter the resulting precipitate (should form a lead sulfide which will be black in 

appearance). 

 

d.) Once the filtrate is treated and filtered, the filter with the original solids from the 

pretreated sample will be added back to the treated filtrate and then distilled. 

 

5. Add 25 mL of sodium hydroxide solution 0.25N to the absorber and assemble the 

apparatus as shown in Fig. 1. 

 

6. Start a slow stream of air entering the boiling flask by adjusting the vacuum source.  Adjust 

the vacuum such that air bubbles from the thistle tube in the flask at a rate of 3 to 5 per 

second. 

 

Note: The bubble rate will not remain constant after the reagents have been added and 

while heat is being applied to the flask.  It may be necessary to readjust the air 

rate occasionally to prevent the solution in the sample tube from boiling and 

spewing out  through the thistle tube. 

 

7. Turn on condenser water. 

 

8. Add 0.5 mLs of sulfamic acid through the thistle tube. 

 

9. Slowly add 2 mL 1:1 H2SO4 through the thistle tube. 

 

10. Add 2 mL 2.5 M MgCl2 through the thistle and rinse it down with deionized water. 

 



 

V:\Standard Operating Procedures\Current SOP File Directory\SOP164_R15_20100325.doc  Page 9 of 11 

11. Reflux at 100°C for 90 minutes, turn off heat, allow to cool with pump on for 15 minutes. 

 

12. Disconnect absorber and transfer the solution from the absorber into a storage container. 

 

14. Record distillation information in the distillation log.  Include date, analyst, sample 

number, client, matrix, position, sample mass / volume, distillation time, cool down time, 

when transferred to analyst, when analyzed. 

 

X. CALCULATIONS 

 

A. Sample volumes / masses must be recorded accurately in the distillation log to allow the 

analyst to correctly calculate the final concentration of cyanide correctly. 

 

XI. DISTILLATION GLASSWARE CLEANING & LABELING  

 

A. The distillation glassware is cleaned thoroughly with hot soapy water between distillations. 1:1 

HCl is aerated through the frits on the block to ensure that the frits are clean.  Deionized water 

is forced up through the glassware to rinse it.  The cold fingers are dipped in mild acid, rinsed 

and wiped off.  

 

B. All glassware must be labeled and each position’s label must be recorded in the distillation log 

with the sample that was distilled in that particular vessel. 

 

C. When sample concentrations are at or exceed 1000 mg/L a deionized water blank must be 

distilled in the exact glassware used for that sample before processing any other client’s 

sample to ensure that the glassware is cleaned and has no residual cyanide to carryover. 

 

XII. QUALITY CONTROL 

 

A. With each distillation batch of samples (maximum of 20 samples) a preparation blank (BLK) 

must be distilled.   

 

B. Each distillation batch of aqueous samples requires a laboratory control sample (BS) each 

day or per 20 samples whichever is more frequent.  Under CLP the BS serves as the 

distilled ICV.   

 

C. With each distillation batch of soil samples a soil BS (boiling chips are used) each day or per 

20 samples whichever is more frequent.   

 

D. A high and low check standard ( DCV/ICV) must be distilled each day or per 20 samples 

whichever is more frequent.  A non-distilled check standard must be prepared daily.  This will 

be used to verify the preparation of the DCV if the DCV results are outside the specification 

limits. Under CLP the aqueous BS serves as the ICV. 

 

E. A sample spike (MS) and sample spike duplicate (MSD) are performed with each set of twenty 

samples.  CLP requires 1 duplicate and 1 spike per batch.  All QC samples should be taken 

through the whole procedure including distillation.  Spikes are added to the boiling flask in the 

same manner as standards adding 25 mL of samples or a dilution as used for the unspiked 
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sample.  Spike concentration is listed in the method.  The addition of the spiking solution must 

be witnessed and such must be noted in the digestion log.   

 

XIII. CORRECTIVE ACTION 

 

A. If any problems, such as low or high recovery for check standards or BSs occur, contact the 

Group Leader.  Problems most frequently encountered (for the distillation procedure) are listed 

below. 

 

B. Recoveries are affected in various ways. 

 

1. If the spiking solution is not prepared properly (e.g., making the proper dilutions), the 

check standard will be out of control.  Caution should be used in calculating the dilution 

and performing the pipetting. 

 

2. Also, the air flow from the vacuum pumps can cause low recovery.  Pay attention to the air 

flow (it should be in the area of 1 to 2 bubbles per second).  If it is too great the HCN does 

not have an adequate amount of time to be absorbed by the NaOH solution. 

 

3. If the heating block is not heating properly, this will also lead to low recovery.  During the 

distillation, periodically check the sample tubes for the presence of heat (tubes should be 

very hot to the touch). 

 

4. The addition of all reagents, including the spiking solution, is essential.  Without the 

MgCl2, 1:1 H2SO4, or spiking solution, the percent recovery will suffer greatly for 

complex cyanide.  The recovery of simple cyanides will usually be unaffected. 

 

5. If the volume of 0.25 N NaOH and reagent water is not accurate in the NaOH absorber 

tubes, low recoveries will usually occur.   

 

B. Spike recoveries are affected in similar ways.  Refer to the above suggestions.  Also, if 

possible, do not spike a sample that is known to be high in cyanide.  This may cause recovery 

and calculation problems. 

 

XIV. WASTE DISPOSAL and POLLUTION PREVENTION 

 

Please see Waste Disposal SOP-405, for instruction of proper disposal of waste generated from 

this area. Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should reflect 

anticipated usage and reagent stability. 
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Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 

 

The following is a list of changes for sample preparation when the 5.2 statement of work is required: 

 

1. The ICV shall be distilled. 

 

2. Boiling chips are to be added to each sample. Midi-Distillation is reflux 1.5 hours then the heat and 

vacuum is turned off and the samples cool an additional 15 minutes. 

 

3. The QC criteria for both the Distillation  Check QC  and the distilled ICV is ±15%. 

 

4. A CRI is required at the beginning and end of each run and for every 20 samples.  The QC criteria for 

the CRI is ±30%. 

 

5. Rounding rule for the appropriate level of precision is that the figure following those to be retained is 

> 5, round up: otherwise round down. (examples: 1.5 and 2.5 would be 2 and 3 respectively rounded 

up; 1.4 and 2.4 would be 1 and 2 respectively rounded down)  Please see Exhibit B, Section 3, ( 

3.3.9.1) of SOW ILM0 5.2 for more guidance on rounding significant figures. 

 

 

XV. DEFINITIONS 

 

See SOP-431 for a list of definitions 
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Changes Summary 
 
Revision 08, 11/30/2010 

• The SOP is an update from Revision 07 dated 12/19/08. 
• Updated to replace change LCS to BS and method blank to BLK. 
• References to the laboratories QS SOPs have been added. 
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PHENOL AND PHENOLIC MATERIALSDISTILLED WATER SAMPLESMethods: EPA 420.2/420.4, 
SW846 9066, LACHAT 10-210-00-1-A 

I. SCOPE AND APPLICATION 
 

A. The method is applicable to the analysis of drinking, surface and saline waters, domestic and industrial 
wastes. 
 

B. The method is capable of measuring phenolic materials from 10 to 500 ug phenol/L in the aqueous phase 
using phenol as a standard.  The method detection limit or limit of detection is 10 ug phenol/L and the 
reporting limit or limit of quantitation is 30 ug phenol/L.  Approximately 90 samples per hour can be 
analyzed. 

 
II. PRINCIPLE 

 
Volatile phenolic compounds are separated from the sample matrix by distillation.  The distillate is collected and 
analyzed.  Phenol, ortho- and meta-substituted phenols, and para-substituted phenols where the para- group is 
carboxyl, a halogen, a methoxyl, or a sulfonic acid group are all determined by reaction with 4-aminoantipyrine.  
Not determined are para-cresol, and other para- substituted phenol where the para- group is an alkyl, an aryl, a 
nitro, a bezoyl, a nitroso, or an aldehyde group. 

 
III. SUMMARY OF METHOD 
 

A. The method is based on the distillation of phenol and subsequent reaction of the distillate with alkaline 
ferricyanide and 4-aminoantipyrine to form a red complex which is measured from 500 to 520nm. 

 
B. Color response of phenolic materials with 4-aminoantipyrine is not the same for all compounds.  Because 

phenolic type wastes usually contain a variety of phenols, it is not possible to duplicate a mixture of 
phenols to be used as a standard.  For this reason, phenol has been selected as a standard and any color 
produced by the reaction of other phenolic compounds is reported as phenol.  This value will represent 
the minimum concentration of phenolic compounds present in the sample. 

 
C. Reduced volume versions of this method that use the same reagents and molar ratios are acceptable 

provided they meet the quality control and performance requirements stated in the method. 
 

D. Limited performance based method modifications may be acceptable provided they are fully documented 
and meet or exceed requirements expressed in section 9.0, Quality Control. 

 
E. Laboratory Quality System SOP QS08 “Technical / Operational Definitions, Minimum Essential Quality 

Control Elements, and Laboratory Calibration Procedures” provides information on calibrations and 
commonly used definitions. 

 
IV. INTERFERENCES 
 

A. Distillation removes all non-volatile interferences.  Interference from sulfur compounds is removed by adding 
phosphoric acid to the sample to pH less than 4, and then aerating briefly by stirring. 

 
B. Oxidizing agents, such as chlorine, will oxidize phenols.  If oxidizing agents are present, remove them 

immediately after sampling by adding excess iron (II) sulfate (FeSO4). 
 
C. Oils and tars can be removed prior to distillation by extraction with chloroform (CHCl3).  Adjust the sample 

pH to 12 to 12.5 by adding NaOH pellets, and then extract the oil or tar with a 50 mL portion of chloroform.  
Remove the chloroform layer and evaporate the excess chloroform in the aqueous layer by gently warming 
the aqueous layer. 

 
V. SAMPLE HANDLING AND PRESERVATION 
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A. Biological degradation is inhibited by the addition of concentrated sulfuric acid to a pH of <4.  Samples must 

be collected in 1 liter glass (only) bottles.  The sample must be kept at 4°C until distilled and after distillation 
unless it is to be colored that day. 

 
B. Phenol holding time is 28 days, counting the day it is sampled.   

 
VI. DEFINITIONS 

 
A. ANALYTICAL BATCH-The set of samples extracted /distilled/ or digested at the same time to a 

maximum of 20 samples. 
B. CALIBRATION BLANK (CB)- A volume of reagent water in the same matrix as the calibration 

standards, but without the analyte. 
C. CALIBRATION STANDARD (CAL)- A solution prepared from the primary dilution standard solution or 

stock standard solutions.  The CAL solutions are used to calibrate the instrument response with respect to 
analyte concentration. 

D. FIELD BLANK (FMB)- An aliquot of reagent water or equivalent neutral reference material treated as a 
sample in all aspects, including exposure to a sample bottle holding time, preservatives, and all 
preanalysis treatments.  The purpose is to determine if the field or sample transporting procedures and 
environments have contaminated the sample. 

E. FIELD DUPLICATE (FD)- Two samples taken at the same time and place under identical circumstances 
which are treated identically throughout field and laboratory procedures.  Analysis of field duplicates 
indicates the precision associated with sample collection, preservation, and storage, as well as with 
laboratory procedures. 

F. LABORATORY BLANK (LRB)- An aliquot of reagent water or equivalent neutral reference material 
treated as a sample in all aspects, except that it is not taken to the sampling site.  The purpose is to 
determine if the analytes or interferences are present in the laboratory environment, the reagents, or the 
apparatus. 

G. LABORATORY CONTROL SAMPLE (LCS)- A solution prepared in the laboratory by dissolving a 
known amount of one or more pure compounds in a known amount of reagent water.  It’s purpose is to 
assure that the results produced by the laboratory remain within the acceptable limits for precision and 
accuracy.  (This should not be confused with a calibrating standard, it must be prepared from a source 
other than the same source as the calibration standards). 

H. LABORATORY DUPLICATE (LD)-  Two aliquots of the same environmental sample treated identically 
throughout a laboratory analytical procedure.  Analysis of laboratory duplicates indicates precision 
associated with laboratory procedures but not with sample collection, preservation, or storage procedures. 

I. QUALITY CONTROL CHECK SAMPLE (QCS)- A sample containing analytes of interest at known 
concentrations (true value) of analytes.  The QCS is obtained from a source external to the laboratory or is 
prepared from standards obtained from a different source than the calibration standards.  The purpose is to 
check laboratory performance using test materials that have been prepared independently from the normal 
preparation process. 

J. METHOD DETECTION LIMIT (MDL)-  The lowest level at which an analyte can be detected with 99 
percent confidence that the analyte concentration is greater than zero. 

 
VII. PREPARATION OF REAGENTS 
 
 Use deionized water (10 mega-ohm) for all solutions. 
 
 Reagent 1.  1 + 9 Phosphoric Acid Solution 
 
 By Volume:  In a 100 mL volumetric flask, dilute 10 mL of 85 percent phosphoric acid (H3PO4).  Stir or 

shake to mix. 
 
 Reagent 2.  10 Percent Copper Sulfate Solution 
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 Dissolve 100 g copper sulfate pentahydrate (CuSO4-5 H2O) in 1 L water.  Stir or shake to mix. 
 
 Reagent 3.  1 M Sodium Hydroxide Solution 
 
 To 1 kg or 1 L water, add 40.0 g sodium hydroxide (NaOH).  Shake to dissolve.  Store in a plastic container. 
 
 Reagent 4.  4-Aminoantipyrine Color Reagent 
 
 In a 250 mL volumetric flask, or in a tared, 250 mL container, dissolve 0.16 g 4-aminoantipyrine (Aldrich A3, 

930-0, Sigma A4382, or equivalent) in 250 mL or g water.  Prepare fresh daily. 
 

Reagent 5.  Buffered Potassium Ferricyanide, pH 10.3 
 
 By Volume:  In a 1 L volumetric flask, dissolve 2.0 g potassium ferricyanide [K3Fe(CN)6], 3.1 g boric acid 

(H3BO3) and 3.75 g potassium chloride (KCl) in about 800 mL water.  Add 47 mL 1 M sodium hydroxide 
(Reagent 3) and dilute to the marker.  Invert three times to mix.  Prepare fresh every 3 months. 

 
VIII. PREPARATION OF STANDARDS 
 
 Because the relative amounts of various phenolic compounds in a given sample are unpredictable, it is not 

possible to provide a universal standard containing a mixture of phenols.  For this reason, phenol (C6H5OH) itself 
has been selected as a standard for this method.  Any color produced by the reaction of other phenolic compounds 
is reported as phenol.  Because this substitution generally reduces response, this value represents the minimum 
concentration of phenolic compounds. 

 
 Standard 1.  Stock Standard 1,000 mg phenol/L 
 
 By Volume:  In a 1 L volumetric flask add about 500 mL DI water, 1.0 g anhydrous copper sulfate (CuSO4), 

0.5 mL 85 percent phosphoric acid, (H3PO4), and 1.0 g phenol (C6H5OH).  Dilute to the mark with water, 
dissolving the phenol. 

 
 Standard 2.  Intermediate Stock Standard 5.00 mg phenol/L 
 
 By Volume:  In a 1 L volumetric flask, add 5.00 mL Stock Standard (Standard 1) and dilute to the mark with 

water.  Invert to mix.  Chill @ 4°C and prepare fresh every 6 months. 
 
  Set of Six Working Standards:  (see note on next page) 
 
 0.50 0.25 0.10 0.050  mg phenol/L 
 

By Volume:  To four 100 mL volumetric flasks add, respectively, exactly 
 
 10.0 5.00 2.00 1.00  mL of 5.0 mg/L 
  
 By Volume:  To two 100 mL volumetric flasks add, respectively, exactly 
 

10.0 0.00  mL of 0.10 mg/L 
 

of the Intermediate Stock Standard (Standard 2).  Dilute each to the mark with DI water and invert three 
times. 

 
 If samples always fall within a narrower range, more standards within this narrower range can be added and 

standards outside this narrower range can be dropped.  
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The standards can be made up differently from the suggested volumes.  For example: 
 

10 mls of 5.0 mg/L working standard → 100 mls = 0.50 mg/L standard 
 
2 mls of 5.0 mg/L working standard → 100 mls = 0.20 mg/L standard 
 
10 mls of 0.50 mg/L working standard → 100 mls = 0.05 mg/L standard 
 
10 mls of 0.10 mg/L working standard → 100 mls = 0.01 mg/L standard 
 
10 mls of 0.05 mg/L working standard → 100 mls = 0.005 mg/L standard 

 
 These standards should be made up fresh daily. 
 
IX. TIMING 
 
 Sample throughput:  90 samples/h; 40 s/sample 
 Pump speed:  35 
 
 Cycle period:  40 s 
 Inject to start of peak period:  14 s 
 
X. SYSTEM NOTES 
 
 System IV Gain:  210 x 10 
 
 Presentation, Data Window 
 
 Top scale response:  0.05 abs 
 Bottom scale response:  0.00 
 
 Results/Approval, Reports 
 
 In the default RDF, change: 
  Set Default Chord 0 
  to 
  Set Default Chord 3 
 (Peak should be centered in Chord 3) 
 This change must be made to both the sample and the calibration RDFs. 
 
 Segment/Boundaries 
 
 A - 0.50 mg 
 D - 0.010 mg 
 F - 0.00 mg 
 
Carrier and diluent is helium degassed water. 
 
 1" is 70.0 cm of tubing on a 1 inch coil support 
 4" is 255 cm of tubing on a 4 inch coil support 
 
 Apparatus:  Standard valve, flow cell, and detector head modules are used. 
 
 All manifold tubing is 0.8 mm (0.032 inches) i.d.  This is 5.2 uL/cm. 
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 Notes:  Transmission tubing should be replaced with 1 m of Teflon manifold tubing (0.8 mm i.d.) as 
transmission tubing may contain leachable phenolics.  Use Teflon tube connectors (Lachat part No. 50008) 
with PTA as line weights with pin removed. 

 
 Manifold Diagram Revision Date:  29 October, 1991 found in section 17.3, p.16 of Lachat method. 
 
XI. CALCULATIONS: 
 

Using the data system prepare the calibration curve plotting area, or peak heights against concentrations.  
Calculate sample concentration using the calibration curve/data system.  Quality Systems SOP QS09 “General 
and Commonly used Laboratory Calculations” provides details on general calculations used throughout the 
laboratory. 
 

XII. REFERENCES 
 

1. U.S. Environmental Protection Agency, Methods for Chemical Analysis of Water and Wastes, 
EPA-600/4-79-020, Revised March 1983, Method 420.2 and Method 420.4. 

 
2. Standard Methods for the Examination of Water and Wastewaters, 14th edition, Method 510 p. 574. 
 
3. Code of Federal Regulations, Part 136.3 (7-1-88), Table 1B, Footnote 25. 
 
4. Code of Federal Regulations 40, Ch. 1 , Pt. 136, Appendix B. 
 
5. U.S. Environmental Protection Agency, “Methods for the Determination of Inorganic Substances in 

Environmental Samples”, EPA/600/R-93/100, August 1993, Method 420.1. 
 

6. Gales, M.E. and Booth, R.L., “Automated 4 AAP Phenolic Method”, AWWA 68, 540 (1976). 
 

7. Environmental Monitoring Systems Laboratory, office of research and development U.S. Environmental 
protection agency Cincinnati, Ohio 45268.   

 
XIII. QUALITY CONTROL 
 

A. Analyze a BLK and an BS (which is distilled) every 20 samples or once  daily whichever comes first.   
  

B. Distill duplicate spikes every 20 samples.  (For the direct method this is achieved by adding 20 mls of 
5.0 ppm std to 200 mls of sample which makes a 0.2 ppm spike when brought up to 500 mls volume.) 

  
C. Calibration verification is required every 10 samples and if the calibration check standard does not meet 

+10 percent of the curve value or the BS does not fall within the control limits, (normally 80 to 120) 
corrective action must be taken before analysis proceeds. 

 
D. Corrective Action:  Contaminated blanks, out-of-range LCS's, and spikes that do not fall within 75 to 

125 percent range would necessitate an NCR.  Consult your supervisor for specific action. 
 
E. Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory Non-Conformance / 

Corrective Action Procedures, Decision Making Guidelines for Evaluating Laboratory Analytical Sample and 
Quality Control Results”, provides details on data assessment and acceptance criteria for Quality Control 
Measures.   

 
XIV. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
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1. ICV not within + 10% 
 
a. If the problem is with the solution. 

 
i. Re-prepare,  obtain new stock if necessary. 

 
b. If the problem is with the calibration. Recalibrate thru analysis of appropriate standards and recheck 

ICV. 
 

2. CCV not within + 10% 
 
a. If the problem is with the solution. 

 
i. Re-prepare, obtain new stock if necessary. 

 
b. If the problem is with the calibration. 

 
i. Recalibrate thru analysis of appropriate standards and re-prepare/reanalyze the previous ten 

sample according the following guidelines. 
 
a. If the CCV was biased high, any of the previous ten samples which were below the MDL do 

not require reanalysis. 
 
b. If the CCV was biased low, the previous ten samples must be re-analyzed. 
 

3.  CCB not >+ MDL (USACE)(For DOD QSM no analyte detected >LOD, frequency- beginning and 
ending a run and every 10 samples)or + RL. 
 
a. If the CCB is biased high. 

 
i. Any samples below the MDL or greater than 10X the CCB bias need not be reanalyzed. 
ii. Any samples above the detection limit but less than 10X the CCB level must be reanalyzed after 

the problem is corrected. 
 
b. If the CCB is biased low. 

 
i. Any samples greater than 10X the absolute CCB bias need not be reanalyzed. 
ii. All other samples must be reanalyzed after the problem is corrected. 

 
4. BS not within our in-house generated control limits ( or +20% ). 

 
a. If the problem is with the instrument. 

 
i. Reanalyze when instrument is in control. 

 
ii. If biased high, the impact upon the data user must be evaluated.  The samples will be re-extracted 

or the data will be qualified on the final report. 
 

B. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% 
 
i. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25% 
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i. If the analyte level in the sample is greater than 4X the spiking level, the %recovery can not be 

evaluated and no action is taken. 
 
ii. If the analyte level in the sample is not greater than 4X the spiking level, the associated sample data 

must be qualified on the final report. 
 
XV. HEALTH AND SAFETY 
 

A. Care should be used in handling all samples.  Safety glasses must be worn in the lab at all times.  The use of 
gloves and lab coats is highly recommended. 

B. Research into expected sample content and concentration should be done in order to be prepared for additional 
safety considerations.  Generally, any samples which need special consideration have applicable notes on the 
sample logs. 

C. MSDS sheets are available for all reagents and standards which have been purchased.  These are located on the 
bookshelf inside the Data Quality Managers office. 

 
XVI. POLLUTION PREVENTION 

 
A. Pollution prevention encompasses any technique that reduces or eliminates the quantity or toxicity of waste at 

the point of generation.  Numerous opportunities for pollution prevention exist in laboratory operation.  The 
EPA has established a preferred hierarchy of environmental management techniques that places pollution 
prevention as the management option of first choice.  Whenever feasible, laboratory personnel should use 
pollution prevention techniques to address their waste generation.  When wastes cannot be feasibly reduced at 
the source, the Agency recommends recycling as the next best option. 

 
B. Quantity of chemicals purchased should be based on expected usage during its shelf-life and the disposal cost 

of unused material.  Actual reagent preparation volumes should reflect anticipated usage and reagent stability. 
 
C. For information about pollution prevention that may be applicable to laboratories and research institutions, 

consult "Less is Better:  Laboratory Chemical Management for Waste Reduction," available from the 
American Chemical Society's Department of Government Regulations and Science Policy, 1155 16th Street 
N.W., Washington D.C. 20036, (202) 872-4477. 

 
XVII.   WASTE MANAGEMENT 

 

A. Laboratory SOP QS14 on Waste Handling discusses general guidelines for the appropriate handling of wastes 
and the laboratory program on waste management. 

B. The Environmental Protection Agency requires that laboratory waste management practices be conducted 
consistent with all applicable rules and regulations.  Excess reagents, samples and method process wastes 
should be characterized and disposed of in an acceptable manner.  The Agency urges laboratories to protect 
the air, water, and land by minimizing and controlling all releases from hoods and bench operations, 
complying with the letter and spirit of any waste discharge permit and regulations, and by complying with all 
solid and hazardous waste regulations, particularly the hazardous waste identification rules and land disposal 
restrictions.  For further information on waste management consult the "Waste Management Manual for 
Laboratory Personnel," available from the American Chemical Society at the address listed in Section 14.3 
from method 300.1. 

 

XVIII. METHOD PERFORMANCE 

A. The method support data are presented in section 17 of the Lachat method.  This data was generated 
according to a Lachat Work Instruction during development of the method. 
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B. Although Lachat Instrument publishes method performance data, including MDL, precision, accuracy and 
carryover studies, we cannot guarantee that each laboratory and instrument conditions, as well as laboratory 
technique, play a major role in determining method performance.  The support data serves as a guide of the 
potential method performance.  Some labs may not be able to reach this level of performance for various 
reasons, while other labs may exceed it. 
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Changes Summary 
 
Revision 07, 08/31/10 

• The SOP is an update from Revision 06 dated 12/22/08 
• Summarize changes here! 
• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, 
then the requirement is outlined and documented as such to be followed only when DoD 
samples are analyzed. 
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 METHOD 1311 
 
 TOXICITY CHARACTERISTIC LEACHING PROCEDURE 
 
 
1.0   SCOPE AND APPLICATION 
 
 1.1  The TCLP is designed to determine the mobility of both organic and inorganic analytes present 

in liquid, solid, and multiphasic wastes. 
 
 1.2  If a total analysis of the waste demonstrates that individual analytes are not present in the waste, 

or that they are present but at such low concentrations that the appropriate regulatory levels could 
not possibly be exceeded, the TCLP need not be run. 

 
 

2.0 SUMMARY OF METHOD  
 

2.1 For a highly liquid waste, determine if the percent dry solids is less than 0.5%. If so, the sample 
is filtered and the filtrate is treated as the extraction fluid. If not, the sample is reduced in size to 
pass through a 9.5 mm sieve. The percent wet solids are then determined. A 5 g and 100 g aliquot 
of wet solids are generated. The liquid phase for the 100 g aliquot is stored at 4 degrees Celsius. 
The 5 g aliquot is used to determine the appropriate extraction fluid. The 100 g aliquot is added 
to the extraction fluid and tumbled for about 18 hr's. The sample is filtered and the pH of the 
fluid is determined. An appropriate amount of the liquid phase is added to the extraction fluid 
and the sample is preserved according to the test, which will be performed. 

 
2.2 The TCLP extract for volatiles is analyzed by method 8260B according to SOP-202.  The TCLP 

extract for semivolatiles is subject to separatory funnel extraction by method 3510 according to 
SOP-300.  The TCLP extract for metals is divided for two separate digestions and analyses:  (a) 
mercury digestion and analysis by 7470A (SOP-103), and (b) ICP-metals digestion by 3010A 
(SOP-100) and analysis by 6010B (SOP-116). 

 
 

3.0 INTERFERENCES 
 
 3.1 Potential interferences that may be encountered during analysis are discussed in the individual 

analytical methods and related SOPs.  (See section 2.2) 
 
4.0 APPARATUS AND MATERIALS 
 

4.1 Agitation apparatus:  The agitation apparatus must be capable of rotating the extraction vessel in 
an end-over-end fashion at 30 + 2 rpm.  This rate is measured and recorded with each extraction  
or at least once per quarter to ensure accuracy of the equipment. 

 
4.2 Extraction Vessels 

 
  4.2.1 Zero-Headspace Extraction Vessel (ZHE).  The ZHE (depicted in Figure 2) allows for 

liquid/solid separation within the device, and effectively precludes headspace.  This type 
of vessel allows for initial liquid/solid separation, extraction, and final extract filtration 
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without opening the vessel.  The vessels shall have an internal volume of 500-600 mL, 
and be equipped to accommodate a 90-110 mm filter. The devices contain VITON®1 
O-rings which should be replaced frequently.   

 
   For the ZHE to be acceptable for use, the piston within the ZHE should be able to be 

moved with approximately 30 to 40 psi or less.  If it takes more pressure to move the 
piston, the O-rings in the device should be replaced.  If this does not solve the problem, 
the ZHE is unacceptable for TCLP analyses and the manufacturer should be contacted. 

 
   The ZHE should be checked for leaks after every extraction.  If the device contains a 

built-in pressure gauge, pressurize the device to 50 psi, allow it to stand unattended for 
10 minutes, and recheck the pressure.  If the device does not have a built-in pressure 
gauge, pressurize the device to 50 psi, submerge it in water, and check for the presence 
of air bubbles escaping from any of the fittings.  If pressure is lost, check all fittings and 
inspect and replace O-rings, if necessary.  Retest the device.  If leakage problems cannot 
be solved, the manufacturer should be contacted. 

 
   Some ZHEs use gas pressure to actuate the ZHE piston, while  others use mechanical 

pressure.  Whereas the volatiles procedure refers to pounds per square inch (psi), for the 
mechanically actuated piston, the pressure applied is measured in torque-inch-pounds.   

 
  4.2.2 Bottle Extraction Vessel.  When the waste is being evaluated using the nonvolatile 

extraction, a jar with sufficient capacity to hold the sample and the extraction fluid is 
needed.  Headspace is allowed in this vessel. 

 
   The extraction bottles may be constructed from various materials, depending on the 

analytes to be analyzed and the nature of the waste.  It is recommended that borosilicate 
glass bottles be used instead of other types of glass, especially when inorganics are of 
concern.  Plastic bottles, other than polytetrafluoroethylene, shall not be used if organics 
are to be investigated.   

 
 4.3 Filtration Devices:  It is recommended that all filtrations be performed in a hood or well 

ventilated area. 
 
  4.3.1 Zero-Headspace Extractor Vessel (ZHE): When the waste is evaluated for volatiles, the 

zero-headspace extraction vessel is used for filtration.  The device shall be capable of 
supporting and keeping in place the glass fiber filter and be able to withstand the 
pressure needed to accomplish separation (50 psi). 

 
   NOTE:   When it is suspected that the glass fiber filter has been ruptured, an in-line 

glass fiber filter may be used to filter the material within the ZHE. 
 
  4.3.2 Filter Holder:  When the waste is evaluated for other than volatile analytes, any filter 

holder capable of supporting a glass fiber filter and able to withstand the pressure needed 
to accomplish separation may be used.  Suitable filter holders range from simple vacuum 
units to relatively complex systems capable of exerting pressures of up to 50 psi or more. 

                                    
     1 VITON® is a trademark of Du Pont.  
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 Vacuum filtration can only be used for wastes with low solids content (<10%) and for 
highly granular, liquid-containing wastes.  All other types of wastes should be filtered 
using positive pressure filtration.   

 
  4.3.3 Materials of Construction: Extraction vessels and filtration devices shall be made of inert 

materials which will not leach or absorb waste components.  Glass, 
polytetrafluoroethylene (PTFE), or type 316 stainless steel equipment may be used when 
evaluating the mobility of both organic and inorganic components.   

 
 4.4 Filters:  Filters shall be made of borosilicate glass fiber, shall contain no binder materials, and 

shall have an effective pore size of 0.6 to 0.8 µm (Whatman GF/F), or equivalent.  Pre-filters 
must not be used.  When evaluating the mobility of metals, filters shall be acid-washed prior 
to use by rinsing with 1N nitric acid followed by three consecutive rinses with deionized distilled 
water (a minimum of 1 L per rinse is recommended).  Glass fiber filters are fragile and should be 
handled with care. 

 
 4.5 pH Meters:  The meter should be accurate to + 0.20. 
 
 4.6 ZHE Extract Collection Devices: TEDLAR®2 bags are used to collect the initial liquid phase and 

the final extract of the waste when using the ZHE device, only when both liquid and solid phases 
exist.  Collect final extract in a 40 mL vial when only a solid phase exist. 

 
 4.7 ZHE Extraction Fluid Transfer Devices: Any device capable of transferring the extraction fluid 

into the ZHE without changing the nature of the extraction fluid is acceptable (e.g., a positive 
displacement or peristaltic pump, a gas tight syringe, pressure filtration unit (see Section 4.3.2), 
or other ZHE device). 

 
 4.8 Laboratory Balance:  Accurate to within + 0.01 grams may be used (all weight measurements are 

to be within + 0.1 grams). 
 
 4.9 Beaker or Erlenmeyer flask, glass, various sizes. 
 

4.10 Watchglass 
 

 4.11 Magnetic stirrer.  
 
5.0  REAGENTS 
 
 5.1 Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, it is intended that 

all reagents shall conform to the specifications of the Committee on Analytical Reagents of the 
American Chemical Society, where such specifications are available.  Other grades may be used, 
provided it is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

 

                                    
     2 TEDLAR® is a registered trademark of Du Pont. 
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 5.2 Reagent Water.  Reagent water is defined as water in which an interferant is not observed at or 
above the method's detection limit of the analyte(s) of interest.  For nonvolatile extractions, 
ASTM Type II water or equivalent meets the definition of reagent water.  For volatile 
extractions, it is recommended that reagent water be generated by any of the following methods.   

  5.2.1 A water purification system may also be used to generate reagent water for volatile 
extractions. 

 
  5.2.2 Reagent water for volatile extractions may also be prepared by boiling water for 15 

minutes.  Subsequently, while maintaining the water temperature at 90 + 5 degrees C, 
bubble a contaminant-free inert gas (e.g. nitrogen) through the water for 1 hour.  While 
still hot, transfer the water to a narrow mouth screw-cap bottle under zero-headspace and 
seal with a Teflon-lined septum and cap. 

 
 5.3 Hydrochloric acid (1N), HCl, made from ACS reagent grade. 
 
 5.4 Nitric acid (1N), HNO3, made from ACS reagent grade. 
 
 5.5 Sodium hydroxide (15N), NaOH, made from ACS reagent grade. 
 
 5.6 Glacial acetic acid, CH3CH2COOH, ACS reagent grade. 
 
 5.7 Extraction fluid. 
 

   
  5.7.1 Extraction fluid #1: Add 11.4 mL glacial acetic acid to approximately 1800 mL DI water. 

Add 8.6 mL 15N sodium hydroxide and dilute to 2 L. Seal and invert four times. 
Determine the pH which should be 4.93 +/- 0.05.  Record in appropriate reagent log (RL) 
notebook. 

 
  5.7.2 Extraction fluid #2: Add 11.4 mL glacial acetic acid to approximately 1800 mL DI water 

and dilute to 2 L. Seal and invert four times. Determine the pH which should be 2.88 +/- 
0.05.  Record in appropriate reagent log (RL) notebook. 

 
  NOTE: All extraction fluids are purchased “certified” or prepared fresh and in volume quantity that 

matches the number of TCLP extractions to be performed on a given day.  The 
TCLP/SPLP log-book is used to record the fluid type of choice with indication of its 
traceability to the lot numbers of acetic acid and sodium hydroxide used. 

 
 5.8 Analytical standards shall be prepared according to the appropriate analytical method. 
 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING   
 
 6.1 Extreme care must be taken when taking samples. Samples should be collected using an 

appropriate sampling plan. 
 
 6.2 The TCLP may place requirements on the minimal size of the field sample, depending upon the 

physical state or states of the waste and the analytes of concern.  An aliquot is needed for 
preliminary evaluation of which extraction fluid is to be used for the nonvolatile analyte 
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extraction procedure.  Another aliquot may be needed to actually conduct the nonvolatile 
extraction.  If volatile organics are of concern, another aliquot may be needed.   

 
 6.3 Preservatives will not be added to samples before TCLP extraction. 
 
 6.4 For volatiles, the samples shall be collected and stored in a manner intended to prevent the loss of 

volatile analytes (e.g., samples should be collected in Teflon-lined septum capped vials and 
stored at 4°C.  Samples should be opened only immediately prior to TCLP extraction). 

 
 6.5 TCLP extracts should be prepared for analysis and analyzed as soon as possible following 

extraction.  Extracts must be spiked according to their prospective analytes before 
preservation.  Extracts or portions of extracts for metallic analyte determinations must be 
acidified with nitric acid to a pH < 2, unless precipitation occurs (see Section 7.2.14 if 
precipitation occurs).  Extracts or portions of extracts for volatile analyte determinations shall 
not be allowed to come into contact with the atmosphere (i.e., no headspace) to prevent losses.  
Preserve according to the analytical methods as referenced in 2.2. 

 
7.0 PROCEDURE 
 
 7.1 Preliminary Evaluations 
 
  Perform preliminary evaluations on a minimum 100 gram aliquot of waste.  This aliquot may not 

actually undergo TCLP extraction.  These preliminary evaluations include:  (1) determination of 
the percent solids; (2) determination of whether the waste contains insignificant solids and is, 
therefore, its own extract after filtration; (3) determination of whether the solid portion of the 
waste requires particle size reduction; and (4) determination of which of the two extraction fluids 
are to be used for the nonvolatile TCLP extraction of the waste. 

 
  7.1.1 Percent wet solids:  Percent wet solids is defined as that fraction of a waste sample (as a 

percentage of the total sample) from which no liquid may be forced out by an applied 
pressure. 

 
   7.1.1.1 If the sample will obviously yield no liquid when subjected  to pressure 

filtration proceed to Section 7.1.3. 
 
   7.1.1.2 If the sample is liquid or has more than one phase, liquid/solid separation to 

make a preliminary determination of percent solids is required.  This involves 
the filtration device described in Section 4.3.2 and is outlined in Sections 7.1.1.3 
through 7.1.1.9. 

 
   7.1.1.3 Pre-weigh the filter. 
 
   7.1.1.4 Assemble the filter holder and filter following the manufacturer's instructions.  

Place the weighed filter in the buchner funnel. 
 
   7.1.1.5 Mix the sample and weigh out a representative subsample of (100 gram 

minimum) and record exact weight. 
 
   7.1.1.6 Allow sludges to stand to permit the solid phase to settle. 
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   7.1.1.7 Quantitatively transfer the sample to the filter holder (liquid and solid phases).  

Spread the waste sample evenly over the surface of the filter. If  filtration of the 
waste at 4°C reduces the amount of expressed liquid over what would be 
expressed at room temperature then allow the sample to warm up to room 
temperature in the device before filtering. 

 
 
NOTE:  If waste material (>1% of original sample weight) has obviously adhered to the container used to 
transfer the sample to the filtration apparatus, determine the weight of this residue and subtract it from the 
sample weight determined in Section 7.1.1.5 to determine the weight of the waste sample that will be filtered. 
 
 
 
    Gradually apply vacuum or gentle pressure of 1-10 psi, until air or pressurizing 

gas moves through the filter.  If this point is not reached under 10 psi, and if no 
additional liquid has passed through the filter in any 2 minute interval, slowly 
increase the pressure in 10 psi increments to a maximum of 50 psi.  After each 
incremental increase of 10 psi, if the pressurizing gas has not moved through the 
filter, and if no additional liquid has passed through the filter in any 2 minute 
interval, proceed to the next 10 psi increment.  When the pressurizing gas begins 
to move through the filter, or when liquid flow has ceased at 50 psi (i.e., 
filtration does not result in any additional filtrate within any 2 minute period), 
stop the filtration.   

 
   7.1.1.8 The material in the filter holder is defined as the solid phase of the waste, and 

the filtrate is defined as the liquid phase. 
 
    NOTE:  Some wastes, such as oily wastes and some paint wastes, will obviously 

contain some material that appears to be a liquid.  Even after applying vacuum 
or pressure filtration, this material may not filter.  If this is the case, the material 
within the filtration device is defined as a solid.  Do not replace the original 
filter with a fresh filter under any circumstances.   

 
7.1.1.9 Remove filter carefully from the buchner funnel so as to get as much of the solid 

as possible.  
 

     Record the weight of the liquid and solid phases.  Calculate the percent solids as 
follows: 

  
Percent wet solids =  (Filter wt. + sample wt.) – filter wt. x100 

   Total weight of waste 
 
  7.1.2 If the percent solids is equal to or greater than 0.5%, then proceed either to Section 7.1.3 to 

determine whether the solid material requires particle size reduction or to Section 7.1.2.1 if 
it is noticed that a small amount of the filtrate is entrained in wetting of the filter.  If the 
percent solids is less than 0.5%, then proceed to Section 7.2.9 if the nonvolatile TCLP is to 
be performed and to Section 7.3 with a fresh portion of the waste if the volatile TCLP is to 
be performed. 

 



- 
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   7.1.2.1 Remove the solid material and filter from the filtration apparatus. 
 
   7.1.2.2 Dry the filter and solid material at 100 + 20°C.  Record the final weight. 
 
    NOTE:  Caution should be taken to ensure that the subject solid will not flash 

upon heating. It is recommended that the drying oven be vented to a hood or 
other appropriate device. 

 
   7.1.2.3 Calculate the percent dry solids as follows: 
 

Percent dry solids = 
(Wt. of dry waste + filter) - tared wt. of filter

Initial wt. of waste  x 100 

 
 
   7.1.2.4 If the percent dry solids is less than 0.5%, then proceed to Section 7.2.9 if the 

nonvolatile TCLP is to be performed, and to Section 7.3 if the volatile TCLP is 
to be performed.  If the percent dry solids is greater than or equal to 0.5%, and if 
the nonvolatile TCLP is to be performed, return to the beginning of this Section 
(7.1) and, with a fresh portion of waste, determine whether particle size 
reduction is necessary (Section 7.1.3) and determine the appropriate extraction 
fluid (Section 7.1.4).  If only the volatile TCLP is to be performed, see the note 
in Section 7.1.4. 

 
  7.1.3 Determination of whether the waste requires particle size reduction:  Using the solid 

portion of the sample, evaluate the solid for particle size.  Particle size reduction is 
required, unless the solid passes through a 9.5 mm (0.375 inch) standard sieve).  If the 
surface area is smaller or the particle size larger than described above, prepare the solid 
portion of the waste for extraction by crushing, cutting, or grinding the waste to a surface 
area or particle size as described above.  If the solids are prepared for organic volatiles 
extraction, special precautions must be taken. 

 
   NOTE:  Surface area criteria are meant for filamentous (e.g., paper, cloth, and similar) 

waste materials.  Actual measurement of surface area is not required, nor is it 
recommended.   

 
  7.1.4 Determination of appropriate extraction fluid:  If the solid content of the waste is 

greater than or equal to 0.5% and if the sample will be extracted for nonvolatile 
constituents, determine the appropriate fluid for the nonvolatiles extraction as follows: 

 
   NOTE:  TCLP extraction for volatile constituents uses only extraction fluid #1. Therefore, 

if TCLP extraction for nonvolatiles is not required, proceed to Section 7.3. 
 
   7.1.4.1 Weigh out a small subsample of the solid phase of the waste, reduce the solid (if 

necessary) to a particle size of approximately 1 mm in diameter or less, and 
transfer 5.0 grams of the solid phase of the waste to a 250 mL beaker or 
Erlenmeyer flask. 
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   7.1.4.2 Add 96.5 mL of reagent water to the beaker, cover with a watchglass, and stir 
vigorously for 5 minutes using a magnetic stirrer.  Measure and record the pH.  
If the pH is <5.0, use extraction fluid #1.  Proceed to Section 7.2. 

 
   7.1.4.3 If the pH is >5.0, add 3.5 mL 1N HCl, slurry briefly, cover with a watchglass, 

heat to 50°C, and hold at 50°C for 10 minutes.  (Note:  Do not mix the sample 
during heating).  The hot block may be used for the purpose of heating and 
holding at 50°C for 10 minutes. 

 
   7.1.4.4 Let the solution cool to room temperature (use Hobart to aid in cooling, 30 to 

60 minutes) and record the pH.  If the pH is <5.0, use extraction fluid #1.  If the 
pH is >5.0, use extraction fluid #2.   Note:  The pH must be measured as quickly 
as possible in the phase of the procedure.  It is critical to measure the pH as soon 
as the sample has reached room temperature.   Proceed to Section 7.2. 

 
  7.1.5 If the aliquot of the waste used for the preliminary evaluation was determined to be 100% 

solid, then it can be used for the Section 7.2 extraction (assuming at least 100 grams 
remain), and the Section 7.3 extraction (assuming at least 25 grams remain).   

 
 7.2 Procedure for Metals and Semi-Volatiles 
 
  A minimum sample size of 100 grams (solid and liquid phases) is recommended.  If less than the 

specified amount is used, proportion extraction fluid accordingly and notify manager.  In some 
cases, a larger sample size may be appropriate, depending on the solids content of the waste 
sample, whether the initial liquid phase of the waste will be miscible with the aqueous extract of 
the solid, and whether inorganics, semivolatile organics, pesticides, and herbicides are all 
analytes of concern.  Enough solids should be generated for extraction such that the volume of 
TCLP extract will be sufficient to support all of the analyses required.  

 
  All glassware and equipment must be thoroughly cleaned before use.  A hot soapy water wash, 

rinse with tap water, then repeat following with a DI water rinse.  Rinse with 1:1 HNO3 , 
Methanol and acetone, and a final rinse with DI water.   

 
  7.2.1  If the waste will obviously yield no liquid when subjected to pressure filtration (i.e., is 

100% solid), weigh out a subsample of the waste (100 gram minimum) and proceed to 
Section 7.2.9. 

 
  7.2.2 If the sample is liquid or multiphasic, liquid/solid separation is required.  This involves the 

filtration device described in Section 4.3.2 and is outlined in Sections 7.2.4 to 7.2.8. 
 
  7.2.3 Assemble the filter holder and filter following the manufacturer's instructions.  Place the 

filter on the support screen and secure.  Acid wash the filter if evaluating the mobility of 
metals (see Section 4.4). 

 
  7.2.4 Weigh out a subsample of the waste (100 gram minimum) and record the weight.  If the 

waste contains <0.5% dry solids, the liquid portion, after filtration, is defined as the TCLP 
extract. Therefore, enough of the sample should be filtered so that the amount of filtered 
liquid will support all of the analyses required. For wastes containing >0.5% dry solids use 



- 

- 
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the percent solids information to determine the optimum sample size (100 gram minimum) 
for filtration.   

 
  7.2.5 Allow sludges to stand to permit the solid phase to settle.  Wastes that settle slowly may be 

centrifuged prior to filtration.  Use centrifugation only as an aid to filtration.  If the waste 
is centrifuged, the liquid should be decanted and filtered, followed by filtration of the solid 
portion of the waste through the same filtration system. 

 
  7.2.6 Refer to Section 7.1.1.7. 
  

7.2.7 Refer to Section 7.1.1.8. 
 
  7.2.8 If the waste contains <0.5% dry solids, proceed to Section 7.2.13.  If the waste contains 

>0.5% dry solids, and if particle size reduction of the solid was needed in Section 7.1.3, 
proceed to Section 7.2.10.  If the waste as received passes a 9.5 mm sieve, quantitatively 
transfer the solid material into the extractor bottle along with the filter used to separate the 
initial liquid from the solid phase, and proceed to Section 7.2.11. 

 
  7.2.9 Prepare the solid portion of the waste for extraction by crushing, cutting, or grinding the 

waste to a surface area or particle size as described in Section 7.1.3.  When the surface area 
or particle size has been appropriately altered, quantitatively transfer the solid material into 
an extractor bottle. Include the filter used to separate the initial liquid from the solid phase. 

 
   NOTE:  Sieving of the waste is not normally required.  Surface area requirements are 

meant for filamentous (e.g., paper, cloth) and similar waste materials.  Actual measurement 
of surface area is not recommended.  If sieving is necessary, a Teflon coated sieve should 
be used to avoid contamination of the sample. 

 
  7.2.10 Determine the amount of extraction fluid to add to the extractor vessel as follows: 
 

  Weight of extraction fluid = 
100

fltered  wasteof x weight solidst percent we x 20
 

 
   Slowly add this amount of appropriate extraction fluid to the extractor vessel.  Close the 

extractor bottle tightly (it is recommended that Teflon tape be used to ensure a tight seal), 
secure in rotary agitation device, and rotate at 30 + 2 rpm for 18 + 2 hours.  Ambient 
temperature shall be maintained at 23 + 2 �C during the extraction period.  Record both 
tumble rate and room temperature. 

 
   NOTE:  As rotation continues, pressure may build up within the extractor bottle for some 

types of wastes.  To relieve excess pressure, the extractor bottle should be periodically 
opened (e.g., after 15 minutes, and 30 minutes) and vented into a hood. 

 
 7.2.11  Following the 18 + 2 hour extraction, separate the material in the extractor vessel into its 

component liquid and solid phases by filtering through a new glass fiber filter, as outlined 
in Section 7.2.7.  For final filtration of the TCLP extract, the glass fiber filter may be 
changed, if necessary, to facilitate filtration.  Filter(s) shall be acid-washed. 

 
 7.2.12  Prepare the TCLP extract as follows: 



- 
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  7.2.12.1 If the sample contained no initial liquid phase, the filtered liquid material 

obtained is defined as the TCLP extract.  Proceed to Section 7.2.13. 
 
   7.2.12.2 If compatible (e.g., multiple phases will not result on combination), combine 

the filtered liquid resulting from Section 7.2.12 with the initial liquid phase of 
the waste obtained in Section 7.2.7.  This combined liquid is defined as the 
TCLP extract.  Proceed to Section 7.2.13. 

 
   7.2.12.3 If the initial liquid phase of the waste, as obtained from Section 7.2.7, is not or 

may not be compatible with the filtered liquid resulting from Section 7.2.11, do 
not combine these liquids.  Analyze these liquids, collectively defined as the 
TCLP extract, and combine the results mathematically, as described in Section 
7.2.14. 

 
7.2.1.3  Following collection of the TCLP extract, the pH of the extract must be recorded.  

Immediately split aliquots, give to appropriate analyst for spiking and preservation of the 
extract for analysis.  Metal aliquots must be acidified with nitric acid to pH <2.  (If 
precipitation is observed upon addition of nitric acid to a small aliquot of the extract, then 
the remaining portion of the extract for metals analyses shall not be acidified and the 
extract shall be analyzed as soon as possible.)  All other aliquots must be stored under 
refrigeration (4°C) until analyzed.  TCLP extracts to be analyzed for metals shall be acid 
digested except in those instances where digestion causes loss of metallic analytes.  Refer 
also to sections 2.2 and 6.5. 

 
 If the individual phases are to be analyzed separately, determine the volume of the 

individual phases (to + 0.5%), conduct the appropriate analyses, and combine the results 
mathematically by using a simple volume-weighted average: 

 

Final Analyte Concentration  = 
(V1) (C1) + (V2) (C2)

 V1 +  V2
 

 
   where: 
    V1 = The volume of the first phase (L). 
    C1 = The concentration of the analyte of concern in the first phase (mg/L). 
    V2 = The volume of the second phase (L). 
    C2 = On next page 
    C2 = The concentration of the analyte of concern in the second phase (mg/L). 
 
 7.3 Volatiles Extraction Procedure 
 
 Use ZHE device to obtain TCLP extract for analysis of volatile compounds only.   
 
 The ZHE device has approximately a 500 mL internal capacity.  The ZHE can thus accommodate 

a maximum of 25 grams of solid due to the need to add an amount of extraction fluid equal to 20 
times the weight of the solid phase. 

 
  Charge the ZHE with sample only once and do not open the device until the final extract has been 

collected.  Repeated filling of the ZHE to obtain 25 grams of solid is not permitted. 



- 

- 
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  Do not allow the waste, the initial liquid phase, or the extract to be exposed to the atmosphere for 

any more time than is absolutely necessary.  Any manipulation of these materials should be done 
when cold (4°C) to minimize loss of volatiles. 

 
  All glassware and equipment must be thoroughly cleaned before use.  A hot soapy water wash, 

rinse with tap water, then repeat following with a DI water rinse.  Rinse with methanol and a 
final rinse with DI water.   

 
 
  7.3.1 Pre-weigh the filtrate collection container and set aside.  If using a TEDLAR® bag, express 

all liquid from the ZHE device into the bag, whether for the initial or final liquid/solid 
separation, and take an aliquot from the liquid in the bag for analysis.   

  
  7.3.2 Place the ZHE piston within the body of the ZHE (it may be helpful first to moisten the 

piston O-rings slightly with extraction fluid).  Adjust the piston within the ZHE body to a 
height that will minimize the distance the piston will have to move once the ZHE is 
charged with sample (based upon sample size requirements determined from Section 7.3, 
Section 7.1.1 and/or 7.1.2).  Secure the gas inlet/outlet flange (bottom flange) onto the 
ZHE body in accordance with the manufacturer's instructions.  Secure the glass fiber filter 
between the support screens and set aside.  Set liquid inlet/outlet flange (top flange) aside. 

 
7.3.3 If the waste is 100% solid, weigh out a subsample (25 gram maximum) of the waste, 

record weight, and proceed to Section 7.3.5. 
 

7.3.4 If the waste contains < 0.5% dry solids, the liquid portion of waste, after filtration, is 
defined as the TCLP extract.  Filter enough of the sample so that the amount of filtered 
liquid will support all of the volatile analyses required.  For wastes containing > 0.5% dry 
solids, use the percent solids information determine the optimum sample size to charge 
into the ZHE.  
 
The recommended sample size is as follows: 

 
   7.3.4.1 For wastes containing < 5% solids, weigh out a 500 gram subsample of waste and 

record the weight. 
 
   7.3.4.2 For wastes containing > 5% solids, determine the amount of waste to charge into 

the ZHE as follows: 
 

 

Weight of waste to charge ZHE = 
solidswetpercent

25
 x 100 

 
  7.3.5 If particle size reduction of the solid portion of the waste was required in Section 7.1.3, 

proceed to Section 7.3.6.  If particle size reduction was not required in Section 7.1.3, 
proceed to Section 7.3.7. 

 
  7.3.6 Prepare the waste for extraction by crushing, cutting, or grinding the solid portion of the 

waste to a surface area or particle size as described in Section 7.1.3.  The means used to 
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effect particle size reduction must not generate heat in and of itself.  If reduction of the 
solid phase of the waste is necessary, exposure of the waste to the atmosphere should be 
avoided to the extent possible. 

 
   NOTE:  Sieving of the waste is not recommended due to the possibility that volatiles may 

be lost.  The use of an appropriately graduated ruler is recommended as an acceptable 
alternative.  Surface area requirements are meant for filamentous (e.g., paper, cloth) and 
similar waste materials.  Actual measurement of surface area is not recommended. 

 
   When the surface area or particle size has been appropriately altered, proceed to Section 

7.3.7. 
 
  7.3.7 Waste sludges need not be allowed to stand to permit the solid phase to settle.  Do not 

centrifuge wastes prior to filtration. 
 
  7.3.8 Quantitatively transfer the entire sample (liquid and solid phases) quickly to the ZHE.  

Secure the filter and support screens onto the top flange of the device and secure the top 
flange to the ZHE body in accordance with the manufacturer's instructions.  Tighten all 
ZHE fittings and place the device in the vertical position (gas inlet/outlet flange on the 
bottom).  Do not attach the extract collection device to the top plate. 

 
   NOTE:  If waste material (>1% of original sample weight) has obviously adhered to the 

container used to transfer the sample to the ZHE, determine the weight of this residue and 
subtract it from the sample weight determined in Section 7.3.4 to determine the weight of 
the waste sample that will be filtered. 

 
   Attach a gas line to the gas inlet/outlet valve (bottom flange) and, with the liquid 

inlet/outlet valve (top flange) open, begin applying gentle pressure of 1-10 psi (or more if 
necessary) to force all headspace slowly out of the ZHE device into a hood.  At the first 
appearance of liquid from the liquid inlet/outlet valve, quickly close the valve and 
discontinue pressure.  If filtration of the waste at 4°C reduces the amount of expressed 
liquid over what would be expressed at room temperature, then allow the sample to warm 
up to room temperature in the device before filtering.  If the waste is 100% solid (see 
Section 7.1.1), slowly increase the pressure to a maximum of 50 psi to force most of the 
headspace out of the device and proceed to Section 7.3.12. 

 
  7.3.9 Attach the pre-weighed filtrate collection container to the liquid inlet/outlet valve and open 

the valve.  Begin applying gentle pressure of 1-10 psi to force the liquid phase of the 
sample into the filtrate collection container.  If no additional liquid has passed through the 
filter in any 2 minute interval, slowly increase the pressure in 10 psi increments to a 
maximum of 50 psi.  After each incremental increase of 10 psi, if no additional liquid has 
passed through the filter in any 2 minute interval, proceed to the next 10 psi increment. 
When liquid flow has ceased such that continued pressure filtration at 50 psi does not 
result in any additional filtrate within a 2 minute period, stop the filtration.  Close the 
liquid inlet/outlet valve, discontinue pressure to the piston, and disconnect and weigh the 
filtrate collection container. 

 
   NOTE:  Instantaneous application of high pressure can degrade the glass fiber filter and 

may cause premature plugging. 
 



- 
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  7.3.10 The material in the ZHE is defined as the solid phase of the waste and the filtrate is defined 
as the liquid phase. 

 
   (Some wastes, such as oily wastes and some paint wastes, will obviously contain some 

material that appears to be a liquid.  Even after applying pressure filtration, this material 
will not filter.  If this is the case, the material within the filtration device is defined as a 
solid and is carried through the TCLP extraction as a solid.) 

 
   If the original waste contained <0.5% dry solids, this filtrate is defined as the TCLP 

extract.  Proceed to Section 7.3.15. 
 
  7.3.11 The liquid phase may now be either analyzed immediately or preserved and stored at 4°C 

under minimal headspace conditions until time of analysis.  Determine the weight of 
extraction fluid #1 to add to the ZHE as follows: 

 
 

   Weight of extraction fluid = 
100

filtered  wasteof x weight solidst percent we x 20
 

 
  7.3.12 The following details how to add the appropriate amount of extraction fluid to the solid 

material within the ZHE and agitation of the ZHE vessel.  Extraction fluid #1 is used in all 
cases. 

 
7.3.12.1 With the ZHE in the vertical position, attach a line from the extraction fluid 

reservoir to the liquid inlet/outlet valve.  The line used shall contain fresh 
extraction fluid and should be preflushed with fluid to eliminate any air pockets 
in the line.  Release gas pressure on the ZHE piston (from the gas inlet/outlet 
valve), open the liquid inlet/outlet valve, and begin transferring extraction fluid 
(by pumping or similar means) into the ZHE.  Continue pumping extraction 
fluid into the ZHE until the appropriate amount of fluid has been introduced into 
the device. 

 
   7.3.12.2 After the extraction fluid has been added, immediately close the liquid 

inlet/outlet valve and disconnect the extraction fluid line.  Check the ZHE to 
ensure that all valves are in their closed positions.  Manually rotate the device in 
an end-over-end fashion 2 or 3 times.  Reposition the ZHE in the vertical 
position with the liquid inlet/outlet valve on top.  Pressurize the ZHE to 5-10 psi 
(if necessary) and slowly open the liquid inlet/outlet valve to bleed out any 
headspace that may have been introduced due to the addition of extraction fluid. 
 This bleeding shall be done quickly and shall be stopped at the first appearance 
of liquid from the valve.  Re-pressurize the ZHE with 5-10 psi and check all 
ZHE fittings to ensure that they are closed. 

 
   7.3.12.3 Place the ZHE in the rotary agitation apparatus and rotate at 30 + 2 rpm for 18 + 

2 hours.  Ambient temperature (i.e., temperature of room in which extraction 
occurs) shall be maintained at 23 + 2°C during agitation.  Record both tumble 
rate and temperature.   

 



- 
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 7.3.13 Following the 18 + 2 hour period, check the pressure behind the ZHE piston by checking 
gauge and quickly opening and closing the gas inlet/outlet valve and noting the escape of 
gas.  If the pressure has not been maintained (i.e., no gas release observed), the device is 
leaking.  Check the ZHE for leaking as specified in Section 4.2.1, and perform the 
extraction again with a new sample of waste.  If the pressure within the device has been 
maintained, the material in the extractor vessel is once again separated into its component 
liquid and solid phases.  If the waste contained an initial liquid phase, the liquid may be 
filtered directly into the same filtrate collection container (i.e., TEDLAR® bag or VOC 
vials) holding the initial liquid phase of the waste.  A separate filtrate collection container 
must be used if combining would create multiple phases, or there is not enough volume left 
within the  filtrate collection container. Filter through the glass fiber filter, using the ZHE  
device as discussed in Section 7.3.9.  All extract shall be filtered and collected if the 
TEDLAR® bag is used, if the extract is multiphasic, or if the waste contained an initial 
liquid phase. 

 
  NOTE:  An in-line glass fiber filter may be used to filter the material within the ZHE if it 

is suspected that the glass fiber filter has been  ruptured. 
 
  
 7.3.14 If the original waste contained no initial liquid phase, the filtered liquid material obtained 

from above is defined as the TCLP extract.  If the waste contained an initial liquid phase, 
the filtered liquid material obtained from above and the initial liquid phase (Section 7.3.9) 
are collectively defined as the TCLP extract. 

 
 7.3.15 Following collection of the TCLP extract, immediately prepare the extract for analysis 

(one of the vials will be spiked at this point) and store with minimal headspace at 4°C.  
Analyze the TCLP extract according to the appropriate analytical methods (refer to section 
2.2).  If the individual phases are to be analyzed separately (i.e., are not miscible), 
determine the volume of the individual phases (to 0.5%), conduct the appropriate analyses, 
and combine the results mathematically by using a simple volume-weighted average: 

 

21

2211

V  V
 )(C )(V  )(C )(V

 ion Concentrat Analyte Final
+
+

=                           

   where: 
 
    V1 = The volume of the first phases (L). 
    C1 = The concentration of the analyte of concern in the first phase (mg/L). 
    V2 = The volume of the second phase (L). 
    C2 = The concentration of the analyte of concern in the second phase 
                  (mg/L). 
 
8.0  QUALITY ASSURANCE 
 
 8.1 A minimum of one blank (using the same extraction fluid as used for the samples) must be 

analyzed for every 20 extractions that have been conducted in an extraction vessel.  No bias 
correction is to be taken into consideration (Fr 57, 227 ).   

 
 8.2 A matrix spike shall be performed for each waste type (e.g., wastewater treatment sludge, 

contaminated soil, etc.).  One matrix spike must be analyzed for each analytical batch.  Follow 
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the matrix spike addition guidance provided in each analytical method.  (The method and SOPs 
are referenced in section 2.2.) 

 
  8.2.1 Matrix spikes are to be added after filtration of the TCLP extract and before preservation.  
 
  8.2.2 The matrix spikes should be added at a concentration equivalent to the corresponding 

regulatory level.  If the analyte concentration is less than one half the regulatory level, the 
spike concentration may be as low as one half of the analyte concentration, but may not be 
not less than ten times the method detection limit.  In order to avoid differences in matrix 
effects, the matrix spikes must be added to the same volume of TCLP extract as that which 
was analyzed for the unspiked sample. 

 
  8.2.3 The matrix spike is to monitor the performance of the analytical methods used, and to 

determine whether matrix interferences exist.  If interferences exist, an alternate approach 
may be required.   

 
  8.2.4 Matrix spike recoveries are calculated by the following formula: 
 

%R (%Recovery) = 100 (Xs - Xu)/K 
 
   where: 
    Xs = measured value for the spiked sample, 
    Xu = measured value for the unspiked sample, and 
    K = known value of the spike in the sample.    
 
 8.3 All quality control measures described in each analytical methods must be followed. 
 
 8.4 The use of method of standard addition (MSA) shall be employed for a metallic contaminant if:  

(1) Recovery of the contaminant from the TCLP extract is not at least 50% and the concentration 
does not exceed the regulatory level, and (2) The concentration of the contaminant measured in 
the extract is within 20% of the appropriate regulatory level. 

 
  8.4.1 The MSA requires preparing calibration standards in the sample matrix rather than reagent 

water.  It requires taking four identical aliquots of the solution and adding known amounts 
of standard to three of these aliquots. The forth aliquot is the unknown.  The first addition 
should be prepared so that the resulting concentration is approximately 50% of the 
expected concentration of the sample.  The second and third additions should be prepared 
so that the concentrations are approximately 100% and 150% of the expected 
concentration of the sample.  All four aliquots are maintained at the same final volume by 
adding reagent water.  Analyze all four aliquots.   

 
8.4.3 Prepare a plot, or subject data to linear regression, of instrument signals or external-

calibration-derived concentrations as the dependant variable (y-axis) versus 
concentrations of the additions of standard as the independent variable (x-axis).  Solve for 
the intercept of the abscissa (the independent variable, x-axis) which is the concentration 
in the unknown. 
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 8.5 TCLP extraction holding times.  
 
 

SAMPLE MAXIMUM HOLDING TIMES [DAYS] 
 
 
 

 
From: 
Field 

collection 
 

To: 
TCLP 

extraction 

 
From: 
TCLP 

extraction 
 

To: 
Preparative 
extraction 

 
From: 

Preparative 
extraction 

 
To: 

Determinative 
analysis 

 

 
 
 
 
 

Total 
elapsed 

time 

 
Volatiles 
Semi-volatiles 
Mercury 
Metals, except mercury 
 

 
14 
14 
28 

180 

 
NA 
7 

NA 
NA 

 
14 
40 
28 

180 
 

 
28 
61 
56 

360 

 
NA = Not applicable 
 
  If holding times are exceeded, the values obtained will be considered minimal concentrations.  

Exceeding the holding time is not acceptable in establishing that a waste does not exceed the 
regulatory level.  Of course, exceeding the holding time will not invalidate characterization if the 
waste exceeds the regulatory level. 
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GC/MS SEMIVOLATILES 
 

BY EPA METHOD 625 AND SW846 METHOD 8270C and 8270D 
 
1.0 SCOPE AND APPLICATION 

 
Please see Appendix for definitions. 
This SOP (based primarily on SW-846 Method 8000B/8270C/8270D) is used for the 
analysis of semi-volatile organic compounds in a variety of matrices (soils, sediments, 
waters, etc.).  Methods Federal Register Method 625 and CLP Method for Semi-volatiles 
have also been used in the development of this SOP.  The analyses by these various 
methods are clearly defined in the respective regulatory manuals.  A good understanding of 
these different methods is essential to the performance of each method. A laboratory list of 
625 and 8270 analytes with example limits is found attached in the appendix.  Other 
compounds may be analyzed by this SOP as detailed in section 1.0 of SW-846 Method 
8270C.  Any questions left by this SOP should be answered by reading the methods, paying 
close attention to SW-846 8000B/8270C/8270D, EPA 625 and CLP.  If questions still 
remain unanswered, check with the Organic Lab Manager, QA/QC Officer and/or 
Technical Director. 

 
2.0 METHOD SUMMARY 
 

After sample preparation using the appropriate extraction technique, the sample is 
introduced into the GC/MS using direct injection.  The analytes are separated in the gas 
chromatograph by a combination of the temperature program, the pressure program and the 
capillary column.  The analytes are then detected by the mass spectrometer.  Analytes are 
identified by comparing the mass spectra of known standards with the mass spectra from 
the sample.  Analytes are quantitated relative to known standards using the internal 
standard method. 

 
3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

 
Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories’ Quality Assurance 
Manual include details concerning sample preservation, containers and handling of 
semi-volatile samples and extracts.  All water and soil samples are stored in the appropriate 
walk-in coolers at a temperature of 4°C. All extracts are stored in the Hobart in the 
Extraction lab at a temperature of  4°C.  Water samples have a holding time of 7 days from 
date of sampling.  Soil samples have a holding time of 14 days from date of sampling 
(unless otherwise specified for the project).Extracts have 40 days from date of extraction to 
be analyzed 
 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 
 

4.1 All raw data (samples & QC) must be evaluated for interferences.  If contamination 
occurs, determine whether the source of interference is in the preparation or clean-up of 
the samples and take corrective action to eliminate the problem. 

 
4.2 Contamination by carryover can occur when samples of high-concentration and low-

concentration are analyzed sequentially.  To reduce carryover, the sample syringe must 
be rinsed with solvent between injections.  If an unusually high sample is detected, a 
solvent blank should be analyzed for cross contamination. 
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5.0. EQUIPMENT AND APPARATUS 
 
 5.1 HP 5890/6890/7890GC complete with electronic pressure control and temperature 

programmable gas chromatograph suitable for splitless injection. 
 
 5.2 Column:   RTX-5MS (or equivalent) 30 m x 0.25 mm I.D. x 0.25 µm film thickness 

fused silica capillary column or RTX-5 SIL-MS 30 m x 0.28 mm I.D. x 0.5µm film 
thickness. 

 
 5.3 HP 5971/5973/5975 mass spectrometer capable of scanning from 35 to 500 amu every 

second or less, using 70 volts electron energy in electron impact ionization mode.  The 
mass spectrometer is capable of producing a mass spectrum for 
decafluorotriphenylphosphine, DFTPP, which meets all the tuning criteria of the EPA 
methods. 

 
 5.4 HP 7673/7683 autosampler capable of reproducibility from one injection to another 

proven by meeting QC and calibration criteria. 
 
 5.5 HP GC/MS interface that gives acceptable calibration points at 50 ng per injection for 

each compound of interest and achieves acceptable tuning performance criteria.  
 
 5.6 Acquisition Software: HP Chemstation system is interfaced to the GC/MS.  The system 

acquires and stores data throughout the chromatographic programs. 
 
 5.7 Data Processing Software:  Target DB on Windows NT server data system is interfaced 

to the HP Chemstation.  The system accepts and stores acquired data.  It plots by 
extracted ion current profile (EICP).  The system is also capable of integrating the 
abundances in any EICP between specified time or scan-number limits.  The most 
recent NBS mass spectral library is installed. 

 
6.0 REAGENTS 
 
 6.1 Methylene chloride (Please read SOP-336 before handling this solvent in our 

laboratory.) – Trace analysis grade. 

6.2 Stock standards are purchased in mixtures from reputable vendors.  The date they are 
received is noted on the label and recorded in the BNA standards log book.  The date 
they are opened is noted on the label and recorded in the BNA standards log book 
along with their lot number and vendor.  Each standard that is prepared is recorded in 
the BNA standards log book and given a sequential number.  Each standards label is 
completed with the standard number, name, preparation date, expiration date, solvent 
and analyst initials.  All stocks and standards are stored in the freezer at a temperature 
of -15°C + 5°C from the date they are received/prepared.  Standards are brought to 
room temperature before being used to make standards.  Sonication is used if 
precipitation is observed after bringing to room temperature.  The refrigerator and 
freezer temperature is monitored daily with an annually calibrated thermometer and 
recorded with calibration correction in the Extraction temperature/calibration logbook.  
Makeup of common standards is detailed below.  See the BNA standards log book for 
makeup of other standards. 
 



- 
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6.2.1  The Decafluorotriphenylphosphine (DFTPP) tuning standard is prepared as 
follows (includes benzidine, pentachlorophenol and 4,4'-DDT):  Using a 100µL 
syringe, 100µL (GCM-150, Ultra Scientific @ 1000µg/mL, or equivalent) is 
injected into a 2.0mL volumetric flask containing approximately 1.2mL 
methylene chloride (Trace Grade) and diluted to volume with same making a 
50µg/mL standard.  After capping and inverting several times, the solution is 
transferred into 2 labeled 2ml, teflon-lined, screw-capped vials and stored in 
the freezer at -15°C + 5°C for up to 6 months.  A direct injection of 1.0µL is 
used to tune the instrument. 

  
6.2.2  Calibration standards are prepared from a 200µg/mL working standard at a 

minimum of five concentrations.  Calibration standards are prepared semi-
annually unless the initial calibration verification standard indicates a problem. 
To makeup the 200µg/mL working standard inject the indicated amount of the 
following standards (or equivalent) into a 10mL volumetric containing 
approximately 5mL methylene chloride (Trace Grade) and dilute to volume 
with the same. After capping and inverting several times, the solution is 
transferred into an appropriate labeled vial, teflon-lined, screw-capped vial and 
stored in the freezer at -15°C + 5°C for up to 6 months.  See the Appendix for 
analytes contained in these mixes. 

 
Standard (Interm.A in 10mls) Conc (µg/mL) Amount(µL) Final (ug/mL) 
 
Base/Neutrals Mix 1 (Vendor,Lot#) 

 
2000 

 
1000 

  
 200 

Benzidines Mix 2 (Vendor,Lot#) 2000 1000  200 
Acids Mix (Vendor,Lot#) 2000 1000  200 
SV Mix w/ Pyridine & Carbazole (Vendor,Lot#) 2000 1000  200 
BN Surrogate (Vendor,Lot#) 5000  400  200 
Acid Surrogate (Vendor,Lot#) 10,000  400  400 
Catechol (Standard#) 10,000  200  200 
Biphenyl (Standard#) 10,000  200  200 
Caprolactum (Standard#) 10,000  200  200 
Acetophenone (Standard#) 10,000  200  200 

 
Standard (Interm.B in 5mls) Conc (µg/mL) Amount(µL) Final (ug/mL) 

   
Benzidine (Mix # 2)  2000  500  200 
    
Standard (Interm.C in 5mls)    
    
Atrazine (Standard#) 10,310  97  200 
Benzaldehyde (Standard#) 10,590  94  200 

                    Additional Appendix IX compounds can be added using 3 additional mixes, AppIX A,B,C. Refer to standards log.  
To makeup the calibration standards, using a 1ml syringe add the appropriate 
amount of methylene chloride (trace grade) to a 2ml vial. Add the indicated 
amount of each intermediate  standard to the vial. Add 20ul of internal standard 
to each screw-capped vial and stored in the freezer at -15°C + 5°C for up to 6 
months.   

 
IntmA,Bor C 

Amt. of  200ppm std  Amount of  2000ppm Internal Std  

2 µg/mL 
5 µg/mL 

 10 µL 
 25 µL 

20 µL 
20 µL 

10 µg/mL  50 µL 20 µL 
20 µg/mL 100 µL 20 µL 
30 µg/mL 150 µL 20 µL 
40 µg/mL 200 µL 20 µL 
50 µg/mL 250 µL 20 µL 
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60 µg/mL 300 µL 20 µL 
70 µg/mL 350 µL 20 µL 
80 µg/mL 400 µL 20 µL 
90 µg/mL 450 µL 20 µL 

                 100 µg/mL    500 µL                                              20 µL 
  
            The makeup of the 50µg/mL CCV  standard is  detailed  below.    Occasionally,  
           unusual compounds are added to the mix so it is best to check the BNA 

standards log book for exact standard makeup.  Note:  MS list spikes and full 
list spikes for LCS and/or MS/MSD are prepared from an alternate source or lot 
number other  than the calibration standards. 

 
 Example: 50µg/mL CCV standard preparation: 
 
 SV3640  

using 1ml syringe add the appropriate amount of methylene 
chloride to a 

 

2ml vial. Add the indicated amount of intermediate / stock 
standard to the vial. 

 

Add 20ul of internal standard to the vial (SV 3635 ).Soultion stored in freezer at -15deg 
C+/-5degC for upto 1 week.  

 

   
 50 ug/mL  CCV  

 Stock Standard Concentration 50 ug/mL  

SV3515 BNA intermediate mix 200 PPM 250 uL  
SV3517 Benzidine Int. 200 PPM 250 uL  
SV3516 Atrazine benzaldehyde Int. 200 PPM 250 uL  

 
6.2.3 The Initial Calibration Verification (ICV) standard is prepared from a vendor 

stock standard at a concentration of 200µg/mL as detailed below. 
 

Example: 50µg/mL ICV standard preparation: 
 

(SV2100) ~ 50ug/ml ICV  
Into a 1 mL volumetric flask containing Methylene Chloride ~ about 0.6ml, add 250uls of  
SV1995 (readystock 200ppm) 
and dilute to volume.         

 
Top off w/20uls of Internal Standard (SV2079)     

 

Prep'd:   01/08/03                 Exp: 03/16/03  

   
(SV2396) ~ 50ug/ml ICV (benzaldehyde & atrazine)  

Into a 1 mL volumetric flask containing Methylene Chloride ~ about 0.6ml, add 250uls of  
SV2305 (intermediate stock 200ppm) and dilute to volume.            
Top off w/20uls of Internal Standard   (SV2393)      

Prep'd:   09/18/03                Exp: 03/18/04    

 
7.0 PROCEDURE 
 

Prior to using Federal Register 625, SW-846 8270C/8270D, or CLP (semivolatile method) 
the samples are prepared for chromatography using the appropriate sample preparation and 
clean up methods (generally SW-846 methods 3510, 3520, 3540, 3550, 3580, EPA 
method 625 or CLP). 
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7.1 Chromatographic conditions: Refer to corresponding instrument maintenance log for 
current gas chromatograph and mass spectrometer conditions. 

  

7.2 Tuning - Prior to any calibration or analysis, DFTPP tuning criteria must be met for a  
50 ng injection of the tuning standard [see below].  Tune must be met every 12 hours 
sample analysis is to be performed (every 24 hours for Federal Register Method 625 
except for South Carolina which only allows 12 hours).  The injection port 
performance compounds (pentachlorophenol, benzidine and 4,4'-DDT) are also 
injected to verify the performance of the injection port and must meet the following 
criteria.  Degradation of DDT to DDE and DDE should not exceed 20%.  Benzidine  
and pentachlorophenol should be present at their normal responses, and no peak tailing 
should be visible for 8270C. Tailing factor should be 2.0 for 8270D for benzidine 
and pentachlorophenol.  For NPDES samples, the benzidine (base/neutral) tailing 
factor must not exceed 3.0 while the  pentachlorophenol (acid) tailing factor cannot 
exceed 5.0.  The calculation for tailing factors is best illustrated in Figure 13 of the 
Federal Register Method 625 which has been placed in the appendix. If degradation is 
excessive and/or poor chromatography is seen, the injection port may require cleaning 
and maintenance. It may also be necessary to break off 15-30cm of the capillary 
column. The mass spectrum of DFTPP is acquired as follows: by using one scan at the 
apex peak, or by by using the mean of the apex and the preceding and following scans 
or mean of a symmetric pattern of scans about the apex, or using the average across the 
entire peak. Background subtraction is accomplished using a single scan or more than 
20 scans prior to the elution of DFTPP. 

    

Mass Ion Abundance Criteria 
51 30-60% of mass 198
68 <2% of mass 69
70 <2% of mass 69
127 40-60% of mass 198
197 <1% of mass 198
198 Base peak, 100% relative abundance 
199 5-9% of mass 198
275 10-30% of mass 198
365 >1% of mass 198
441 Present, but less than mass 443
442 >40% of mass 198
443 17-23% of mass 442

 8270D has different tuning citeria for meeting DFTPP. See page 44 Table 3 of  
Method 8270D for criteria. 

7.3 Calibration 
 
7.3.1 Initial Calibration - An initial calibration curve at no less than five 

concentration levels must be analyzed (only three concentration levels are 
required for Federal Register Method 625) and shown to meet the initial 
calibration criteria before any sample analysis may be performed.  Method 625 
requires that the %RSD be less than 35% to use the average response factor for 
quantitation, the curve is to be used otherwise and should have a correlation 



- 

- 
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coefficient (r) of >0.995 linear, 0.99 and six points for quadratic.  Method 
8270C requires that the %RSD be less than 15% to use the average response 
factor for quantitation, the curve is to be used otherwise as long as r is >0.995 
linear, 0.99 and six points for quadratic.  In addition, there are calibration 
check compounds (CCCs) which must have a %RSD less than 30% and system 
performance check compounds (SPCCs) which must meet a minimum avarage 
response factor of 0.050.  The lowest standard must be less than or equal to the 
reported quantitation limit and the highest standard must not exceed the linear 
range of the detector.  Generally, levels for the curve are 2 ug/mL, 5 µg/mL, 
10 µg/mL, 20 µg/mL, 30 µg/mL, 40 µg/mL, 50 µg/mL, 60 µg/mL, 70 µg/mL, 
80 µg/mL, 90 ug/mL and 100 µg/mL. Any manual integrations are documented 
by inclusion of the integrated signals(before and after manual integration 
)initialed, reason and dated with the quantitation report and chromatogram. 
Refer to SOP-224 for guidance.  All integrations are checked for acceptability.  
Response factors of less than 0.050 must be supported by the mass spectrum of 
the lowest standard. Retention times are set using the midpoint of the curve. No 
quadratic curves are used for SouthCarolina. For 8270D the RSD for each 
target analyte should be less than or equal to 20% and each calibration 
level should meet the minimum response factors listed in Table 4. If the 
20% RSD is not met, then the minimum correlation coefficient for the 
curve must be 0.99. If more than 10% of the compounds do not meet the 
20% RSD or minimum correlation coefficient of 0.99, then the 
chromatographic system is considered too reactive to begin analysis. 
Injector maintenance  should be performed and repeat the calibration 
procedure. 

 
CCCs: Base/Neutral   Acid 
  Acenapthene   4-Chloro-3-methylphenol 
  1,4-Dichlorobenzene  2,4-Dichlorophenol 
  Hexachlorobutadiene  2-Nitrophenol 
  N-Nitroso-di-phenylamine Phenol 
  Di-n-octyl-phthalate  Pentachlorophenol 
  Fluoranthene   2,4,6-Trichlorophenol 
  Benzo(a)pyrene  
 

   SPCCs: Base/Neutral   Acid     
     N-Nitroso-di-n-propylamine 2,4-Dinitrophenol 

  Hexachlorocyclopentadiene 4-Nitrophenol 
 
7.3.2  Initial Calibration Verification (ICV) - A second source standard at the 

50 µg/mL level is used to check the validity of the curve.  The standard 
recovery for all analytes must be between 75 and 125% (70-130% for 8270D).  
If the second source recovery is above 125% or 130% for 8270D, it is possible 
that the main standard has deteriorated for that compound.  That standard 
should be remade and reevaluated.  If that does not correct the problem, the 
standard should probably be replaced and a new curve generated.  If the second 
source recovery is below 75% or 70% for 8270D, the second source standard 
may have deteriorated for that compound.  The standard should be remade and 
reanalyzed.  If this does not correct the problem, the standard should probably 
be replaced. If any compound in the ICV exceeds the criteria above, it may be 
evaluated and initialed by the organic section manager.  If deemed acceptable, 
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the analyst may continue analysis. Any manual integrations are documented by 
inclusion of the integrated signals with the quantitation report and 
chromatogram.  All integrations are checked for acceptability. For ICV 
standard preparation  refer to standard log book. 

 
7.4  Continuing Calibration Verification (CCV)- Every 12 hours a CCV at 50 µg/mL 

must be analyzed and calculated against the initial calibration curve, then shown to 
meet the calibration check criteria before any sample analysis may be performed.  
Acceptance criteria for 8270C consists of the same SPCC requirements as the initial 
calibration.  The CCCs must be less than or equal to 20% difference or drift (%D, 
calculations follow in section 7.9).  If any of the CCCs do not meet the above limits, 
then all required analytes must be <20%D. Internal standard areas should be within 
50 to 200 percent of the area of the curve midpoint or the previous CCV.  Retention 
times for the internal standards should be within 30 seconds of the retention time of 
the curve midpoint or the previous CCV.  Method 625 requires a %D of less than 
20% for all required analytes.  Any manual integrations are documented by 
inclusion of the integrated signals with the quantitation report and chromatogram. 
All integrations are checked for acceptability.  Samples are then quantitated against 
the initial calibration curve.  Note:  If any compound in the continuing calibration 
not subject to the criteria above exceeds 30%D, it must be evaluated and initialed by 
the organic section manager.  If deemed acceptable, the analyst may continue 
analysis. For 8270D, the 20% difference criteria must be applied to all 
compounds. If the criterion is not met for more than 20% of the compounds 
included in the initial calibration, then the GC system should undergo 
maintenance. If this does not solve the problem, then the initial calibration 
should be repeated. Each of the most common target analytes should meet the 
minimum response factors listed in Table 4. In situations where the failed 
compound is present, the data must be flagged as estimated. If the compound 
fails high in the CCV and is not present, the result can be reported as non-
detect. 

 

7.5     LCS - The LCS is extracted 1 per extraction batch of up to 20 samples.  The LCS 
containing all regular full list calibrated compounds is spiked into deionized water 
or sodium sulfate for soil using an alternate source or lot number than the calibration 
standards. See the LCS report forms in the appendix for example laboratory 
generated limits and the NPDES limits for 625 samples. Recoveries for the 
MS/MSD spike analytes in LCSs are charted annually to generate control limits for 
samples analyzed by method 8270C.  In all cases, the lowest upper limit would be 
100% and the lowest lower limit would be 10%.  If enough data points are not 
present to generate limits, the limits default to CLP spike limits for spike analytes or 
10-100% for all other analytes. See Section 8.3 below for corrective action.  

     When analyzing samples for DOD QSM Version 3, DOD limits will be used. 
 

7.6     Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch 
up to 20 samples.  See Section 8.4 below for criteria and corrective action. 

 

7.7 Samples - Prior to analysis, 1.0 mL samples are prepared by verifying volume and 
spiking with 20uL of the internal standard solution.  
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7.8 Instrument sequence-The instrument sequence log is filled out prior to sample 
analyses.  

       An example of a typical instrument sequence log follows: 
1-DFTPP Tune (12:00 am)  
2-CCV 
3-LCS 
4-Method Blank (or sample) 
5-Sample 
6-Sample 
7-Sample 
8-Sample 
9-Sample 
10-Sample 
11-Sample-MS 
12-Sample-MSD 
13-Sample 
14-Sample 
15-Sample  
16-DFTPP (12:00pm - 12 hours since last DFTPP/CCV) 
17-CCV 
18-Sample 
19-Sample 
20-Sample 
 

7.9  Data Reduction/Evaluation - Each sample analysis sequence is documented using the 
computer run log generated on the chemstation.  This run log is signed, dated and 
paginated then placed in a 3 ring binder for that instrument.  After the sample has been 
analyzed, the data is processed through Target DB on the Windows NT data system. 
The following must be checked to determine if the sample will need any reanalysis or 
dilution.  Formal data evaluation is detailed in SOP-200 and documented using the 
Analyst Data Review Checklist (see Appendix). See SOP-224 for guidance on 
manual integrations. 
 
7.9.1     Internal Standards - Areas should be within 50 to 200 percent of the area of the 

curve midpoint.  Retention time should be within 30 seconds of the retention 
time of the curve midpoint.  If not, the sample and historical data should be 
evaluated to determine the cause of the problem.  If matrix effect is confirmed 
by reextraction/reanalysis or historical data, complete a corrective action report 
and flag the affected compounds on the final report for matrix effect.  Note:  
criteria applies to the continuing calibration, not samples, but is used as an 
indication of the sample analysis validity. 

 
7.9.2   Surrogates – Control limits are determined annually by charting LCSs and 

method blanks.  In all cases, the lowest upper limit would be 100% and the 
lowest lower limit would be 10%.  All of the three surrogates for each fraction 
must be within the control limits in order for the extraction batch to be in 
control.  If a surrogate exceeds the limits, the reason for the malfunction must 
be determined and a corrective action report must be completed.  The sample 
must be reanalyzed, reextracted or flagged for QC problems.  Federal Register 
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Method 625 contains no criteria for surrogate recovery. When analyzing 
samples for DOD QSM Version 3, DOD limits will be used. 

 
Surrogate Water Soil/Sediment 
Nitrobenzene-d5 30-110 30-110 
2-Fluorobiphenyl 35-110 35-110 
Terphenyl-d14 55-125 40-120 
Phenol-d6 15-110 30-110 
2-Fluorophenol 15-110 25-110 
2,4,6-Tribromophenol 45-125 30-115 

 
7.9.3 Analyte concentration must be within the range of the calibration curve after 

rounding to 2 significant figures.  If an analyte exceeds the curve, a dilution 
must be performed and the next sample must be checked for carryover.  Any 
dilution should keep the concentration of the analyte in question within the top 
half of the curve. 

 
7.9.4 The qualitative identification of compounds is based on retention time and a 

comparison of the sample mass spectrum, after background subtraction, with 
characteristic ions in a reference mass spectrum from the NBS database 
(NBS75K.I).  This database is used as it contains relatively uncontaminated 
mass spectra of each target compound which cannot be obtained from the daily 
calibrations during each 12 hour analytical period due to overlapping peaks in 
the mixes.  Characteristic ions from the reference mass spectrum library are 
defined as the three ions of greatest relative intensity, or any ions over 30% 
relative intensity, if less than three such ions occur in the reference spectrum.  
In addition, the following criteria must be met.  The RRT of the sample analyte 
must be within 0.06 RRT units of the RRT of the standard analyte.  The 
relative intensities of the characteristic ions must agree within 30% of the 
relative intensities of the same ions in the reference spectrum.  Structural 
isomers that produce very similar mass spectra should be identified as 
individual isomers so long as their GC retention times differ substantially.  A 
library search may be made for analytes not associated with the calibration for 
the purpose of tentative identification.  NOTE:  The GC/MS analyst uses 
intelligence guided by experience to make the identifications.  In 
uncontaminated spectra where ions are missing due to low concentration, if the 
major ions are present in the correct ratios at the correct retention time, the 
identification will be considered positive.  In contaminated spectra, special 
emphasis will be placed upon higher mass ions, and the major ions will usually 
need to be present as major components of the spectrum (either unsubtracted or 
subtracted) for the identification to be positive.  All assessments of relative 
intensities of ions will be made by visual estimates from the spectra. 

  
7.9.5 Quantitation - Once a compound has been identified qualitatively, the 

concentration must then be quantitated.  If the RSD of the compound’s 
response factor is 15%(20% 8270D) or less, then the concentration may be 

determined using the average response factor (––RF) from the initial calibration 
data.  Otherwise, the concentration must be determined from equations based 
on internal standard calibration using either linear or non-linear calibration.  
Calculations follow in Section 7.10. 
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7.10 Calculations: 

 
7.10.1 The RF is calculated as follows: 
 
 where: 

As  = Peak area (or height) of the analyte or surrogate. 
Ais  = Peak area (or height) of the internal standard. 
Cs  = Concentration of the analyte or surrogate. 
Cis  = Concentration of the internal standard. 
 

7.10.2 Calibration verification involves the calculation of the percent drift (linear 
or quadratic) or the percent difference (average) of the instrument response 
between the initial calibration and each subsequent analysis of the 
verification standard.  Use the equations below to calculate % Drift or 
% Difference, depending on the calibration procedure used. 

 
      (Calculated concentration – Theoretical concentration) * 100 
   % Drift =     Theoretical Concentration 

 
where the calculated concentration is determined from the initial 
calibration and the theoretical concentration is the concentration at which 
the standard was prepared. 

 
    (CCV RF – Average RF) * 100 

     % Difference =    Average RF 
 
 

where CCV RF is the response factor from the analysis of the verification 
standard and Average RF is the average response factor from the initial 
calibration. The % difference or % drift calculated for the calibration 
verification standard must be within ±20% for each CCC analyte, or for all 
target analytes if the CCCs are not target analytes, before any sample 
analyses may take place. 20% difference for 8270D. 

 
7.10.3  Concentration in water samples is calculated as follows:  [Note: Using the 

units specified here for these terms will result in a concentration in units of 
ng/mL, which is equivalent to μg/L.] 

 
 

 
 
 
where: 
As = Area (or height) of the peak for the analyte in the sample. 
Ais = Area (or height) of the peak for the internal standard. 
Cis = Concentration of the internal standard in the volume extracted 

in ug/L.   
D = Dilution factor, if the sample was diluted prior to analysis.  If 

no dilution was made, D = 1.  The dilution factor is always 
dimensionless. 

C x A
C x A = RF

sis

iss  

)(1000)V)(RF)(A(
)V)(D)(C)(A( = g/L)(ion Concentrat

sis

iissμ  
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Vi = Volume of the extract injected (μL).  The nominal injection 
volume for samples and calibration standards must be the 
same. 

––RF = Mean response factor from the initial calibration.  
Vs = Volume of the aqueous sample extracted (mL).  If units of 

liters are used for this term, multiply the results by 1000. 
 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 
7.10.4 Concentration in non-aqueous samples is calculated as follows:  [Note: 

Using the units specified here for these terms will result in a concentration 
in units of ng/g, which is equivalent to μg/kg.] 

 
 

7.10.5  
 
 
 
 

where:  As, 

Ais, Cis, D, and ––RF are the same as for aqueous samples, and 
Ws = Weight of sample extracted (g).  Either a dry weight or wet 

weight may be used, depending upon the specific application 
of the data.  If units of kilograms are used for this term, 
multiply the results by 1000. 

 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 
8.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 

8.1 Internals - All samples and QC are spiked with internal standards.  See section 7.9.1 
above for criteria and corrective action. 

8.2 Surrogates - All samples and QC are spiked with surrogates.  The surrogate 
recoveries from method blanks and LCS are used to generate control control limits 
for the surrogates.  See section 7.9.2 above for criteria and corrective action.  If any 
surrogate recoveries are below 10%, samples must be re-extracted if sample is 
available. 

8.3 LCS Sample - The LCS is extracted 1 per extraction batch of up to 20 samples. The 
LCS is spiked using an alternate source or lot number than the calibration standards.   
If the LCS compound has a recovery above the upper limit, but the same compound 
is not detected in any of the batch samples, no corrective action is required.  For all 
other situations, the LCS should be reanalyzed for the failed analytes only.  If the 
second analysis fails, all associated samples should be reextracted/reanalyzed for the 
failed analytes only or the data must be evaluated for flagging due to QC problems. 

8.4 Method Blanks - The concentration of all method target analytes should be below the 
MDL for each method target analyte(<RL for common lab contaminants and <1/2 
RL for other targets for DOD QSM Ver.3 projects).  The first step of corrective 

)(1000)W)(RF)(A(
)V)(D)(C)(A( = g/kg)(ion Concentrat

sis

iissμ  
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action is to assess the effect on the samples.  If an analyte is found only in the method 
blank, but not in any batch samples, no further corrective action may be necessary.  
Steps should be taken to find/reduce/eliminate the source of this contamination in the 
method blank.  If an analyte is found in the method blank and some, or all, of the 
other batch samples, then corrective action is required.  The source of contamination 
must be investigated and appropriate action taken and documented to 
find/reduce/eliminate the source of this contamination.  The method blank, and any 
samples containing the same contaminant, may need to be reextracted/reanalyzed.  
For the common laboratory contaminants, meeting the above requirements is not 
practical.  Random cases of contamination are difficult to control, however, daily 
contamination is not acceptable and corrective action is essential. If a contaminant is 
found in the method blank and the samples, the compound concentration must be 
flagged with a 'B' on the final report unless the concentration is greater than 10x that 
found in the method blank. 

8.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are 
spiked for a MS/MSD (for full list spikes, the full list spiking solution is used).  
Control limits for the MS/MSD recoveries are the same as those for the LCS 
found in the appendix.  RPD limits are found on the LCS report forms in the 
appendix.  Samples which do not meet these criteria due to matrix must be 
evaluated for flagging on the final report due to QC problems.  Generally, 
batch control is not based on MS/MSD results unless general method failure is 
determined to be the problem.  In that case, the samples and associated QC 
would be reanalyzed for the failed analytes only.  MS data evaluation must 
include the consideration of the following factors. When analyzing samples 
for DOD QSM Version 3, DOD limits will be used. 

 
 
8.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  Corrective 
action must be taken in the form of reanalysis if a method problem is indicated. 

 
8.5.2 Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was two or more times 
the concentration of the spike, no further corrective action may be necessary 
other than the generation of a corrective action report to document the problem. 

 
8.5.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS and 

MSD and is not traced to a method problem, no further action may be 
necessary other than the generation of a corrective action report to document 
the problem. 

 
8.5.4 Non-target Interference - The presence of significant non-target interference                

should be brought to the immediate attention of your supervisor who should 
discuss the problem with the client/project manager to determine the action to 
be taken. 

         8.5.5 Demonstration of Capability (DOC) – Each new analyst must complete a 
demonstration of capability by analyzing four LCSs with acceptable precision 
and accuracy. This also must be done when a new instrument is installed or a 
significant change to the method has been made. 
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9.0 HEALTH AND SAFETY 

9.1 Care should be used in handling all samples.  Safety glasses must be worn in the lab at 
all times.  The use of gloves and lab coats is highly recommended. 

9.2 Research into expected sample content and concentration should be done in order to be 
prepared for additional safety considerations.  Generally, any samples which need 
special consideration have applicable notes on the sample logs. 

9.3 MSDS sheets are available for all reagents and standards which have been purchased.  
These are located on the bookshelf outside the office supply storage room. 

 

10.0 WASTE MANAGEMENT AND POLLUTION PREVENTION 

        10.1 Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste coming 
from this area within our laboratory. 

         10.2    Quantity of chemicals purchased should be based on expected usage during its shelf-
life and the disposal cost of unused material. Actual reagent preparation volumes 
should reflect anticipated usage and reagent stability. 

 
 
 
11.0 TABLE OF DEFINITIONS, REFERENCES & EXAMPLE FORMS 
 

Definitions and examples of the LCS report sheets (625 water limits, in-house water 
limits and in-house soil limits), the analyst data review checklist and figure 13 
from Federal Register method 625 for the tailing factor calculation are located 
in the appendix. When analyzing samples for DOD QSM Version 3, DOD 
limits will be used for surrogates, LCS, and MS/MSD. 
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 TABLE OF DEFINITIONS 
 

1. amu- atomic mass unit 
2. BNA- Base neutral/acid 
3. °C- degrees Centigrade 
4. CCC- Calibration Check Compound 
5. CCV- Continuing Calibration Verification 
6. CLP- Contract Laboratory Program  
7. %D- percent difference 
8. DFTPP- Difluorotriphenyphosphine 
9. EICP- extracted ion current profile  
10. EPA- Environmental Protection Agency 
11. g- gram or grams 
12. GC- Gas Chromatograph 
13. GC/MS- Gas Chromatograph/Mass Spectrometer 
14. ICV- Initial Calibration Verification 
15. I.D.- inner diameter 
16. ISTD- internal standard 
17. LSC- Laboratory Sample Concentrator 
18. MDL- method detection limit 
19. MS- Matrix Spike 
20. MSD- Matrix Spike Duplicate 
21. M.S.- Mass Spectrometer 
22. μm- micometer 
23. μL- microliter 
24. mL- milliliter 
25. mm- millimeter 
26. ng- nanogram 
27. NPDES- National Pollutant Discharge Elimination System 
28. P&T- purge and trap 
29. QC- quality control 
30. %R- percent recovery 
31. RPD- relative percent difference 
32. RRT- relative retention time 
33. %RSD- percent relative standard deviation 
34. SOP- Standard Operating Procedure 
35. Surr.- surrogate 
36. SPCC- System Performance Check Compound 
37. TCLP- Toxicity Characteristic Leaching Procedure 
38. USACE- United States Army Corps Of Engineers 
39.  LCS – Lab Control Sample 
Refer to SOP-431 for additional definitions 

REFERENCES 
 
1. 40 CFR, Part 136; Appendix A 
2. Test Methods for Evaluating Solid Waste, SW-846 
3. National Environmental Laboratory Accreditation Conference; CH. 5, 2003 
4. USACE, EM 200-1-3; Appendix 1; Shell, 2/2001 
5. DOD Quality Systems Manual for Environmental Laboratories, Ver.3,  01/2006 
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FORM 3 
 

WATER SEMIVOLATILE LAB CONTROL SAMPLE (625) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |  100.00 |     0.0000  |      100.00 |  100 |47-145| 
  | Acenaphthylene         |  100.00 |     0.0000  |      100.00 |  100 |33-145| 
  | Anthracene             |  100.00 |     0.0000  |      100.00 |  100 |27-133| 
  | Benzidine              |  100.00 |     0.0000  |      100.00 |  100 | D-110| 
  | Benzo(a)anthracene     |  100.00 |     0.0000  |      100.00 |  100 |33-143| 
  | Benzo(b)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |24-159| 
  | Benzo(k)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |11-162| 
  | Benzo(g,h,i)perylene   |  100.00 |     0.0000  |      100.00 |  100 | D-219| 
  | Benzo(a)pyrene         |  100.00 |     0.0000  |      100.00 |  100 |17-163| 
  | bis(2-Chloroethoxy)meth|  100.00 |     0.0000  |      100.00 |  100 |33-184| 
  | bis(2-Chloroethyl)ether|  100.00 |     0.0000  |      100.00 |  100 |12-158| 
  | bis(2-Chloroisopropyl)e|  100.00 |     0.0000  |      100.00 |  100 |36-166| 
  | Bis(2-ethylhexyl)phthal|  100.00 |     0.0000  |      100.00 |  100 | 8-158| 
  | 4-Bromophenyl-phenyleth|  100.00 |     0.0000  |      100.00 |  100 |53-127| 
  | Butylbenzylphthalate   |  100.00 |     0.0000  |      100.00 |  100 | D-152| 
  | 4-Chloro-3-methylphenol|  100.00 |     0.0000  |      100.00 |  100 |22-147| 
  | 2-Chloronaphthalene    |  100.00 |     0.0000  |      100.00 |  100 |60-118| 
  | 2-Chlorophenol         |  100.00 |     0.0000  |      100.00 |  100 |23-134| 
  | 4-Chlorophenyl-phenylet|  100.00 |     0.0000  |      100.00 |  100 |25-158| 
  | Chrysene               |  100.00 |     0.0000  |      100.00 |  100 |17-168| 
  | Dibenz(a,h)anthracene  |  100.00 |     0.0000  |      100.00 |  100 | D-227| 
  | 1,2-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |32-129| 
  | 1,3-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 | D-172| 
  | 1,4-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |20-124| 
  | 3,3'-Dichlorobenzidine |  100.00 |     0.0000  |      100.00 |  100 | D-262| 
  | 2,4-Dichlorophenol     |  100.00 |     0.0000  |      100.00 |  100 |39-135| 
  | Diethylphthalate       |  100.00 |     0.0000  |      100.00 |  100 | D-114| 
  | 2,4-Dimethylphenol     |  100.00 |     0.0000  |      100.00 |  100 |32-119| 
  |________________________|_________|_____________|_____________|______|______| 
  # Column to be used to flag recovery and RPD values with an asterisk 
 
  * Values outside of QC limits 
 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 2                      FORM III SV                              



                         EMPIRICAL LABORATORIES, LLC                       SOP-201 
 Revision: 18 
 Date:  09/16/08 
 Page 18 of 26 

 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-201-REV18.doc 

                                FORM 3 
 
                WATER SEMIVOLATILE LAB CONTROL SAMPLE (625) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Dimethylphthalate      |  100.00 |     0.0000  |      100.00 |  100 | D-112| 
  | Di-n-butylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 1-118| 
  | 4,6-Dinitro-2-methylphe|  100.00 |     0.0000  |      100.00 |  100 | D-181| 
  | 2,4-Dinitrophenol      |  100.00 |     0.0000  |      100.00 |  100 | D-191| 
  | 2,4-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |39-139| 
  | 2,6-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |50-158| 
  | Di-n-octylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 4-146| 
  | Fluoranthene           |  100.00 |     0.0000  |      100.00 |  100 |26-137| 
  | Fluorene               |  100.00 |     0.0000  |      100.00 |  100 |59-121| 
  | Hexachlorobenzene      |  100.00 |     0.0000  |      100.00 |  100 | D-152| 
  | Hexachlorobutadiene    |  100.00 |     0.0000  |      100.00 |  100 |24-116| 
  | Hexachlorocyclopentadie|  100.00 |     0.0000  |      100.00 |  100 |15- 70| 
  | Hexachloroethane       |  100.00 |     0.0000  |      100.00 |  100 |40-113| 
  | Indeno(1,2,3-cd)pyrene |  100.00 |     0.0000  |      100.00 |  100 | D-171| 
  | Isophorone             |  100.00 |     0.0000  |      100.00 |  100 |21-196| 
  | Naphthalene            |  100.00 |     0.0000  |      100.00 |  100 |21-133| 
  | Nitrobenzene           |  100.00 |     0.0000  |      100.00 |  100 |35-180| 
  | 2-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 |29-182| 
  | 4-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 | D-132| 
  | N-Nitroso-di-methylamin|  100.00 |     0.0000  |      100.00 |  100 |29- 66| 
  | N-Nitrosodiphenylamine |  100.00 |     0.0000  |      100.00 |  100 |23-100| 
  | N-Nitroso-di-n-propylam|  100.00 |     0.0000  |      100.00 |  100 | D-230| 
  | Pentachlorophenol      |  100.00 |     0.0000  |      100.00 |  100 |14-176| 
  | Phenanthrene           |  100.00 |     0.0000  |      100.00 |  100 |54-120| 
  | Phenol                 |  100.00 |     0.0000  |      100.00 |  100 | 5-112| 
  | Pyrene                 |  100.00 |     0.0000  |      100.00 |  100 |52-115| 
  | 1,2,4-Trichlorobenzene |  100.00 |     0.0000  |      100.00 |  100 |44-142| 
  | 2,4,6-Trichlorophenol  |  100.00 |     0.0000  |      100.00 |  100 |37-144| 
  |________________________|_________|_____________|_____________|______|______| 
  # Column to be used to flag recovery and RPD values with an asterisk 
 
  * Values outside of QC limits 
 
  RPD:  0 out of  0 outside limits 
  Spike Recovery:  0 out of 56 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
page 2 of 2                      FORM III SV                              
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               WATER SEMIVOLATILE LAB CONTROL SAMPLE (In-House) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |   100.0 |     0.0000  |     100.00  |  100 |40-112| 
  | 4-Chloro-3-methylphenol|   200.0 |     0.0000  |     200.00  |  100 |32-110| 
  | 2-Chlorophenol         |   200.0 |     0.0000  |     200.00  |  100 |29-110| 
  | 1,4-Dichlorobenzene    |   100.0 |     0.0000  |     100.00  |  100 |26-110| 
  | 2,4-Dinitrotoluene     |   100.0 |     0.0000  |     100.00  |  100 |46-122| 
  | 4-Nitrophenol          |   200.0 |     0.0000  |     200.00  |  100 |21-110| 
  | N-Nitroso-di-n-prop.(1)|   100.0 |     0.0000  |     100.00  |  100 |39-110| 
  | Pentachlorophenol      |   200.0 |     0.0000  |     200.00  |  100 |32-133| 
  | Phenol                 |   200.0 |     0.0000  |     200.00  |  100 |10-110| 
  | Pyrene                 |   100.0 |     0.0000  |     100.00  |  100 |51-137| 
  | 1,2,4-Trichlorobenzene |   100.0 |     0.0000  |     100.00  |  100 |28-110| 
  |________________________|_________|_____________|_____________|______|______| 
 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |     MSD     | MSD  |      |             | 
  |                        | ADDED   |CONCENTRATION|  %   |  %   |  QC LIMITS  | 
  |  COMPOUND              | (UG/L)  |   (UG/L)    | REC #| RPD #| RPD  | REC. | 
  |========================|=========|=============|======|======|======|======| 
  | Acenaphthene           |   100.0 |     100.00  |  100 |    0 |   31 |40-112| 
  | 4-Chloro-3-methylphenol|   200.0 |     200.00  |  100 |    0 |   42 |32-110| 
  | 2-Chlorophenol         |   200.0 |     200.00  |  100 |    0 |   40 |29-110| 
  | 1,4-Dichlorobenzene    |   100.0 |     100.00  |  100 |    0 |   28 |31-110| 
  | 2,4-Dinitrotoluene     |   100.0 |     100.00  |  100 |    0 |   38 |46-122| 
  | 4-Nitrophenol          |   200.0 |     200.00  |  100 |    0 |   50 |21-110| 
  | N-Nitroso-di-n-prop.(1)|   100.0 |     100.00  |  100 |    0 |   38 |39-110| 
  | Pentachlorophenol      |   200.0 |     200.00  |  100 |    0 |   50 |32-133| 
  | Phenol                 |   200.0 |     200.00  |  100 |    0 |   42 |10-110| 
  | Pyrene                 |   100.0 |     100.00  |  100 |    0 |   31 |51-137| 
  | 1,2,4-Trichlorobenzene |   100.0 |     100.00  |  100 |    0 |   28 |28-110| 
  |________________________|_________|_____________|______|______|______|______| 
 
   (1) N-Nitroso-di-n-propylamine 
  # Column to be used to flag recovery and RPD values with an asterisk 
  * Values outside of QC limits 
 
  RPD:  0 out of 11 outside limits 
  Spike Recovery:  0 out of 22 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 1                      FORM III SV                              
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             SOIL SEMIVOLATILE LAB CONTROL SAMPLE (In-House) 
 
  Lab Name: Empirical Laboratories              Contract:                     
 
  Lab Code: ELABN     Case No.: NA      SAS No.: NA       SDG No.:   
 
  Matrix Spike   -   Client Sample No.:         Level:(low/med) LOW 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/Kg) |   (ug/Kg)   |   (ug/Kg)   | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |   10000 |     0.0000  |      10000  |  100 |27-116| 
  | 4-Chloro-3-methylphenol|   20000 |     0.0000  |      20000  |  100 |18-111| 
  | 2-Chlorophenol         |   20000 |     0.0000  |      20000  |  100 |10-110| 
  | 1,4-Dichlorobenzene    |   10000 |     0.0000  |      10000  |  100 |14-110| 
  | 2,4-Dinitrotoluene     |   10000 |     0.0000  |      10000  |  100 |34-110| 
  | 4-Nitrophenol          |   20000 |     0.0000  |      20000  |  100 |24-120| 
  | N-Nitroso-di-n-prop.(1)|   10000 |     0.0000  |      10000  |  100 |24-112| 
  | Pentachlorophenol      |   20000 |     0.0000  |      20000  |  100 |10-114| 
  | Phenol                 |   20000 |     0.0000  |      20000  |  100 |10-110| 
  | Pyrene                 |   10000 |     0.0000  |      10000  |  100 |33-150| 
  | 1,2,4-Trichlorobenzene |   10000 |     0.0000  |      10000  |  100 |19-110| 
  |________________________|_________|_____________|_____________|______|______| 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |    LCSD     | LCSD |      |             | 
  |                        | ADDED   |CONCENTRATION|  %   |  %   |  QC LIMITS  | 
  |  COMPOUND              | (ug/Kg) |   (ug/Kg)   | REC #| RPD #| RPD  | REC. | 
  |========================|=========|=============|======|======|======|======| 
  | Acenaphthene           |   10000 |      10000  |  100 |    0 |   19 |27-116| 
  | 4-Chloro-3-methylphenol|   20000 |      20000  |  100 |    0 |   42 |18-111| 
  | 2-Chlorophenol         |   20000 |      20000  |  100 |    0 |   50 |10-110| 
  | 1,4-Dichlorobenzene    |   10000 |      10000  |  100 |    0 |   27 |14-110| 
  | 2,4-Dinitrotoluene     |   10000 |      10000  |  100 |    0 |   47 |34-110| 
  | 4-Nitrophenol          |   20000 |      20000  |  100 |    0 |   50 |24-120| 
  | N-Nitroso-di-n-prop.(1)|   10000 |      10000  |  100 |    0 |   38 |24-112| 
  | Pentachlorophenol      |   20000 |      20000  |  100 |    0 |   47 |40-110| 
  | Phenol                 |   20000 |      20000  |  100 |    0 |   35 |10-110| 
  | Pyrene                 |   10000 |      10000  |  100 |    0 |   36 |33-150| 
  | 1,2,4-Trichlorobenzene |   10000 |      10000  |  100 |    0 |   23 |19-110| 
  |________________________|_________|_____________|______|______|______|______| 
 
   (1) N-Nitroso-di-n-propylamine 
  # Column to be used to flag recovery and RPD values with an asterisk 
  * Values outside of QC limits 
  RPD:  0 out of 11 outside limits 
  Spike Recovery:  0 out of 22 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 1                      FORM III SV          
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BNA STANDARDS USED 
base/neutral mix (2000ppm) acids mix (2000ppm) 
bis(2-Chloroethyl)ether 2,4-Dinitrophenol 
bis(2-Chloroisopropyl)ether 2-Methylphenol 
1,3-Dichlorobenzene 4-Methylphenol 
1,2-Dichlorobenzene Benzoic acid 
1,4-Dichlorobenzene 4,6-Dinitro-2-methylphenol 
Hexachloroethane 4-Nitrophenol 
N-Nitroso-di-methylamine 2,4,5-Trichlorophenol 
N-Nitroso-di-n-propylamine 2,4,6-Trichlorophenol 
2,4-Dinitrotoluene Phenol 
2,6-Dinitrotoluene Pentachlorophenol 
Fluorene 2-Nitrophenol 
Dimethylphthalate 4-Chloro-3-methylphenol 
Hexachlorocyclopentadiene 2,4-Dichlorophenol 
Anthracene 2,4-Dimethylphenol 
4-Bromophenyl-phenylether Benzoic acid 
Di-n-butylphthalate 
bis(2-Chloroethoxy)methane 
1,2-Diphenylhydrazine semivoa misc.mix(2000ppm) 
Fluoranthene Aniline 
Hexachlorobenzene Benzyl alcohol 
N-Nitrosodiphenylamine Carbazole 
Phenanthrene 4-Chloroaniline 
Hexachlorobutadiene Dibenzofuran 
Isophorone 2-Methylnaphthalene 
Naphthalene 2-Nitroaniline 
Nitrobenzene 3-Nitroaniline 
1,2,4-Trichlorobenzene 4-Nitroaniline 
Acenaphthene Pyridine 
Acenaphthylene 
2-Chloronaphthalene 
4-Chlorophenyl-phenylether Benzidine mix (2000ppm) 
Diethylphthalate Benzidine 
Benzo(a)anthracene 3,3'-Dichlorobenzidine 
Bis(2-ethylhexyl)phthalate 
Butylbenzylphthalate 
Chrysene individual mixes (10,000ppm) 
p-(Dimethylamino)azobenzene Caprolactam 
Pyrene Benzaldehyde 
Benzo(b)fluoranthene Atrazine 
Benzo(k)fluoranthene 1,1'-Biphenyl 
Benzo(g,h,i)perylene Catechol 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
Di-n-octylphthalate 
Indeno(1,2,3-cd)pyrene 
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INTERNAL STANDARD ASSOCIATION / QUANT ION TABLE 
COMPOUND *I.S Q.M COMPOUND *I.S Q.M

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Dimethylphthalate 59 163

Acetophenone 1 105 Hexachlorocyclopentadiene 59 237
Aniline 1 93 2,4-Dinitrophenol 59 184
Benzaldehyde 1 106 2,4-Dinitrotoluene 59 165
Benzyl alcohol 1 108 2,6-Dinitrotoluene 59 165
bis(2-Chloroethyl)ether 1 93 Fluorene 59 166
bis(2-Chloroisopropyl)ether 1 45 2-Nitroaniline 59 65 
1,3-Dichlorobenzene 1 146 3-Nitroaniline 59 138
1,2-Dichlorobenzene 1 146 4-Nitroaniline 59 138
1,4-Dichlorobenzene 1 146 4-Nitrophenol 59 65 
2-Methylphenol 1 108 2,4,5-Trichlorophenol 59 196
4-Methylphenol 1 108 2,4,6-Trichlorophenol 59 196
3-Methylphenol 1 108 2-Fluorobiphenyl (S) 59 172
Phenol 1 94 Phenanthrene-d10 (I.S) (79)  188
Pyridine 1 79 Anthracene 79 178
Hexachloroethane 1 117 Atrazine 79 200
N-Nitroso-di-methylamine 1 42 4-Bromophenyl-phenylether 79 248
N-Nitroso-di-n-propylamine 1 70 Carbazole 79 167
2-Fluorophenol (S) 1 112 Di-n-butylphthalate 79 149
Phenol-d6 (S) 1 99 4,6-Dinitro-2-methylphenol 79 198

Naphthalene-d8 (I.S)(35)  136 1,2-Diphenylhydrazine 79 77 
Benzoic acid 35 105 Fluoranthene 79 202
bis(2-Chloroethoxy)methane 35 93 Hexachlorobenzene 79 284
Caprolactam 35 113 N-Nitrosodiphenylamine 79 169
4-Chloroaniline 35 127 Pentachlorophenol 79 266
4-Chloro-3-methylphenol 35 107 Phenanthrene 79 178
2,4-Dichlorophenol 35 162 2,4,6-Tribromophenol (S) 79 330
2,4-Dimethylphenol 35 107 Chrysene-d12 (I.S) (92)  240
Hexachlorobutadiene 35 225 Benzidine 92 184
Isophorone 35 82 Benzo(a)anthracene 92 228
2-Methylnaphthalene 35 141 Bis(2-ethylhexyl)phthalate 92 149
Naphthalene 35 128 Butylbenzylphthalate 92 149
Nitrobenzene 35 77 Chrysene 92 228
2-Nitrophenol 35 139 3,3'-Dichlorobenzidine 92 252
1,2,4-Trichlorobenzene 35 180 p-(Dimethylamino)azobenzene 92 225
Catechol 35 110 Pyrene 92 202
Nitrobenzene-d5 (S) 35 82 Terphenyl-d14 (S) 92 244

Acenaphthene-d10 (I.S) (59)  164 Perylene-d12 (I.S) (101)  264
Acenaphthene 59 153 Benzo(b)fluoranthene 101 252
Acenaphthylene 59 152 Benzo(k)fluoranthene 101 252
1,1'-Biphenyl 59 154 Benzo(g,h,i)perylene 101 276
2-Chloronaphthalene 59 162 Benzo(a)pyrene 101 252
4-Chlorophenyl-phenylether 59 204 Dibenz(a,h)anthracene 101 278
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Dibenzofuran 59 168 Di-n-octylphthalate 101 149
Diethylphthalate 59 149 Indeno(1,2,3-cd)pyrene 101 276
I.S=internal standard, Q.M=quant mass, S=surrogate 

 
INTERNAL STANDARD ASSOCIATION / QUANT ION TABLE 
COMPOUND *I.S Q.M COMPOUND *I.S Q.M

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Diphenylamine 59 169

Pentachloroethane 1 167 Thionazin 59 107
2-Picoline 1 93  59  
N-Nitrosomethylethylamine 1 88  59  
Methyl methanesulfonate 1 80  59  
N-Nitrosodiethylamine 1 102  59  
Ethyl methanesulfonate 1 79  59  
N-Nitrosopyrrolodine 1 100  59  
N-Nitrosomorpholine 1 56  59  
0-Toluidine 1 106  59  
 1   59  
 1   59  
 1   59  
 1  Phenanthrene-d10 (I.S) (79)  188
 1  4-Nitroquinoline-1-oxide 79 190
 1  Phenacetin 79 108
 1  4-Aminobiphenyl 79 169
 1  Pentachloronitrobenzene 79 237
 1  Sulfotepp 79 97 
 1  Phorate 79 75 

Naphthalene-d8 (I.S)(35)  136 Diallate 79 86 
1- Methylnaphthalene 35 141 Dimethoate 79 87 
N-Nitrosopiperidine 35 114 Pronamide 79 173
a,a-Dimethylphenethylamine 35 58 Disulfoton 79 88 
O,O,O-Triethylphosphorothioate 35 97 Dinoseb 79 211
Hexachloropropene 35 213  79  
2,6-Dichlorophenol 35 162  79  
p-Phenylenediamine 35 108 Chrysene-d12 (I.S) (92)  240
N-Nitrosodi-n-butylamine 35 84 Methapyrilene 92 97 
Safrole 35 162 p-(Dimethylamino)azobenzene 92 225
1,2,4,5-Tetrachlorobenzene 35 216 Chlorobenzilate 92 251
 35  3,3’- Dimethylbenzidine 92 212
 35  2- Acetylaminofluorene 92 181
 35  7,12-

Dimethylbenz[a]anthracene 
92 256

 35  Aramite 92 185
 35  Methyl parathion 92 109
 35  Parathion 92 109

Acenaphthene-d10 (I.S) (59)  164 Isodrin 92 193
Isosafrole 59 162 Kepone 92 272
1,4-Naphthoquinone 59 158 Famphur 92 218
Pentachlorobenzene 59 250 Perylene-d12 (I.S) (101) 101  
2-Naphthylamine 59 143 3-Methylcholanthrene 101 268
1-Naphthylamine 59 143 Hexachlorophene 101 196
2,3,4,6-Tetrachlorophenol 59 232  101  
5-Nitro-o-toluidine 59 152  101  
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I.S=internal standard, Q.M=quant mass, S=surrogate 

 
 
 
 
 
 
Internal Standards & Surrogates 
 

  
BNA internals (2000ppm) Acid surrogate (7500ppm) 
1,4-Dichlorobenzene-d4 (I.S)(1) 2-Fluorophenol (S) 
Naphthalene-d8 (I.S)(35) Phenol-d6 (S) 
Acenaphthene-d10 (I.S) (59) 2,4,6-Tribromophenol (S) 
Phenanthrene-d10 (I.S) (79) 2,-Chlorophenol-d4 (S) 
Chrysene-d12 (I.S) (92)  
Perylene-d12 (I.S) (101) BN surrogate (5000ppm) 

 Nitrobenzene-d5 (S) 
 Terphenyl-d14 (S) 
 2-Fluorobiphenyl (S) 
 1,2-Dichlorobenzene-d4 (S) 
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Reporting Limits 

 
Soil 
ug/KG 

Water 
ug/L  

Soil 
ug/KG 

Water 
ug/L 

Pyridine             330 5.0 Acenaphthylene       330 5.0 
N-Nitroso-di-methylamine 330 5.0 2,6-Dinitrotoluene   330 5.0 
Aniline              330 5.0 3-Nitroaniline       1300 20 
Phenol               330 5.0 Acenaphthene         330 5.0 
bis(2-Chloroethyl)ether 330 5.0 2,4-Dinitrophenol  3300 50 
2-Chlorophenol       330 5.0 4-Nitrophenol        1300 20 
1,3-Dichlorobenzene  330 5.0 Dibenzofuran         330 5.0 
1,4-Dichlorobenzene  330 5.0 2,4-Dinitrotoluene   330 5.0 
Benzyl alcohol       330 5.0 Diethylphthalate     330 5.0 

1,2-Dichlorobenzene  330 5.0 
4-Chlorophenyl-
phenylether 330 5.0 

2-Methylphenol       330 5.0 Fluorene             330 5.0 
bis(2-Chloroisopropyl)ether 330 5.0 4-Nitroaniline       1300 20 
3-Methylphenol       330 5.0 2,3,4,6-Tetrachlorophenol 330 5.0 
4-Methylphenol       330 5.0 1,1'-Biphenyl 330 5.0 
N-Nitroso-di-n-propylamine 330 5.0 1,2-Diphenylhydrazine 330 5.0 
Hexachloroethane     330 5.0 Carbazole            330 5.0 

Benzaldehyde 330 5.0 
4,6-Dinitro-2-methyl 
phenol 1300 20 

Nitrobenzene         330 5.0 N-Nitrosodiphenylamine 330 5.0 

Isophorone           330 5.0 
4-Bromophenyl-
phenylether 330 5.0 

2-Nitrophenol        330 5.0 Hexachlorobenzene    330 5.0 
2,4-Dimethylphenol   1300 20 Pentachlorophenol   1300 20 
Benzoic acid         3300 50 Phenanthrene         330 5.0 
bis(2-Chloroethoxy)methane 330 5.0 Anthracene           330 5.0 
2,4-Dichlorophenol   330 5.0 Di-n-butylphthalate  330 5.0 
1,2,4-Trichlorobenzene 330 5.0 Fluoranthene         330 5.0 
Naphthalene          330 5.0 Atrazine 330 5.0 
4-Chloroaniline      330 5.0 Benzidine 3300 50 
Hexachlorobutadiene  330 5.0 Pyrene               330 5.0 
4-Chloro-3-methylphenol 330 5.0 Butylbenzylphthalate 330 5.0 
2-Methylnaphthalene  330 5.0 3,3'-Dichlorobenzidine 330 5.0 
1-Methylnaphthalene 330 5.0 Benzo(a)anthracene   330 5.0 
Acetophenone 330 5.0 Chrysene             330 5.0 
1,2,4,5-Tetrachlorobenzene 330 5.0 Bis(2-ethylhexyl)phthalate 330 5.0 
Caprolactam 330 5.0 Di-n-octylphthalate  330 5.0 
Hexachlorocyclopentadiene 330 5.0 Benzo(b)fluoranthene 330 5.0 
2,4,6-Trichlorophenol 330 5.0 Benzo(k)fluoranthene 330 5.0 
2,4,5-Trichlorophenol 330 5.0 Benzo(a)pyrene       330 5.0 
2-Chloronaphthalene  330 5.0 Indeno(1,2,3-cd)pyrene 330 5.0 
2-Nitroaniline       1300 20 Dibenz(a,h)anthracene 330 5.0 
Dimethylphthalate    330 5.0 Benzo(g,h,i)perylene 330 5.0 
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ANALYST DATA REVIEW CHECKLIST 
Sample Number(s): 
Batch Number(s): 
Method: 8260B/8270C/8270D (Circle One) 

 
 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1.  Is the BFB/DFTPP tune performed every 12 hours and is the    tuning 

criteria met? 

 
 

 
 

 
 

 
 

 
2. Are the RRFs and % RSDs within QC limits for appropriate   

analytes for the initial calibration? Check the retention times for 
compounds with the same spectra. Check compounds with 
different conc.( eg. m/p-xylene, ketones,etc.). 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
     3.  Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 

 
 
 

 
 
 

 
 
 

 
     4.  Does the Continuing Calibration Standard (CCV) meet the criteria for the 

CCCs and SPCCs. 
  

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
     5.  Is the Method Blank run at the desired frequency and is its concentration 

for target analytes less than the MDLs? 
  

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
     6.  Are the LCS, MS, MSD within control limits and run at the desired 

frequency? 
  

 
 
 

 
 
 

 
 
 

 
 
 

 
     7.  Are all sample holding times met, analytes within calibration range, IS 

areas and surrogate recoveries within QC limits? 
 

 
 

 
 
 

 
 
 

 
 
 

 
     8.  Was the Method Blank, LCS, MS, MSD and samples loaded to the 

GCMS_LFSYS Tablespace within the Target DB Database? 
     
 

Comments on any “No” response: 

 
 
 

Primary-Level Review:  Date:  
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    Second-Level Review:  Date:  
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GAS CHROMATOGRAPHY/ELECTRON CAPTURE DETECTOR (GC/ECD) 
      ORGANOCHLORINE PESTICIDES/POLYCHLORINATED BIPHENYLS (PCB) 

BY EPA METHOD 608/608.2 AND SW-846 METHOD 8081A, 8081B/8082, 8082A  
1.0 SCOPE AND APPLICATION  
This Standard Operating Procedure, SOP, (based primarily on SW-846 Methods 8000B/8081A/8082) 
is used for the analysis of Pesticide/PCB organic compounds in a variety of matrices (soils, 
sediments, waters, etc.).  Methods SW-846 8082, Federal Register Method 608/608.2 and CLP 
Method for Pesticides have also been used in the development of this SOP.  The analyses by these 
various methods are clearly defined in the respective regulatory manuals.  A good understanding of 
these different methods is essential to the performance of each method.  The normal laboratory list of 
analytes with their LCS limits is found attached in the appendix.  Other compounds may be analyzed 
by this SOP as detailed in section 1.0 of SW-846 Methods 8081A, 8081B/8082, 8082A.  Any 
questions left by this SOP should be answered by reading the methods, paying close attention to 
SW-846 8000B/8081A, 8081B/8082, 8082A, EPA 608/608.2 and CLP.  If questions still remain 
unanswered, check with the Organic Lab Manager, Quality Assurance Officer and/or Technical 
Director.  
2.0 METHOD SUMMARY  
After sample preparation using the appropriate extraction technique, the sample is introduced into the 
GC using direct injection.  The analytes are separated in the gas chromatograph by a combination of 
the temperature program and the capillary column.  The analytes are then detected by the ECD.  
Pesticide analytes are identified and confirmed based on the retention time of known standards.  PCB 
and multi-component pesticide analytes are identified based on pattern recognition.  Analytes are 
quantitated relative to known standards using the external standard method.  
3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE  
Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories, LLC Quality Assurance Manual 
includes details concerning sample preservation, containers and handling of samples and extracts.  
All water and soil samples are stored in the appropriate walk-in cooler in sample storage at a 
temperature of 1°C – 4.4°C. All extracts are stored in the Hobart in Semivolatile laboratory at a 
temperature of 1°C – 4.4°C.  Water samples have a holding time of 7 days from date of sampling to 
extraction.  Soil samples have a holding time of 14 days from date of sampling to extraction (unless 
otherwise specified for the project).  Extracts have a holding time of 40 days from extraction to 
analysis.  
4.0 INTERFERENCES AND POTENTIAL PROBLEMS  
Section 3.0 of SW-846 Methods 8081A/8082 and Section 4.0 of Methods 8081B/8082A details 
interferences and potential problems which may be encountered when dealing with pesticide/PCB 
analyses. Please see sample clean-up SOPs (307, 308, 309, 330, and 334) to evaluate possible clean-
up options for any encountered interferences.  
5.0. EQUIPMENT AND APPARATUS  

5.1 GC's: 
5.1.1  Agilent 6890N- complete with temperature programmable gas chromatograph suitable for 
split/splitless injection. 
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5.2 Columns:  

5.2.1 RTX-CLP (or equivalent): 30 meter x 0.32 mm ID x 0.5 µm film thickness fused 
silica column.  
5.2.2 RTX-CLP II (or equivalent): 30 meters x 0.32 mm ID x 0.5 µm film thickness fused 
silica  column.  

5.3   Autosamplers:  
5.3.1  Agilent 7683 autosamplers capable of reproducibility from one injection to 
another, proven by meeting QC and calibration criteria.  

5.4 Acquisition Software:  HP Chemstation system is interfaced to the GC.  The system acquires 
and stores data throughout the chromatographic program.  
5.5 Data Processing Software:  Target DB Windows NT data system is interfaced to the HP 
Chemstation.  The system accepts, processes and stores acquired data.  

6.0 REAGENTS  
6.1 Hexane - pesticide quality or equivalent.  
6.2  Stock standards are purchased in mixtures from reputable vendors.  The date they are 
received is noted on the label and recorded in the GC standards logbook.  The date they are 
opened is noted on the label and recorded in the GC standards logbook along with their lot 
number and vendor and given a sequential number.  Each standard that is prepared is recorded in 
the GC standards logbook and given a sequential number.  The following are noted in the 
logbook:  standard makeup, solvent used, date received, date opened, date prepared, expiration 
date and analyst.  Each standard label is completed with the standard number, name, preparation 
date, expiration date, solvent and analyst initials.  All stocks and standards are stored in the 
refrigerator at a temperature of 1°C-4.4°C from the date they are received/prepared.  The 
refrigerator and freezer temperature is monitored daily with an annually calibrated thermometer 
and recorded with calibration correction in the GC refrigerator temperature logbook. See the GC 
standards log book for makeup of  intermediate and calibration standards. 

6.2.1 The Initial Calibration Verification (ICV) intermediate standard is prepared from 
the vendor stock standards in the same manner as the Calibration intermediate 
standards above and is stored in the refrigerator at a temperature of 1°C-4.4°C for 
up to 6 months.  The ICV standard is then prepared at a concentration near the 
midpoint in the same manner as the Calibration standards above.  

 
 
7.0       PROCEDURE  

The GC/ECD should be primed by injecting a pesticide standard at 100 µg/L and/or PCB 
standard at 10,000 µg/L, 10 times more concentrated than the mid-level standard.  Inject this 
prior to beginning initial or daily calibration. 

7.1 Chromatographic conditions:      
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7.1.1  
       

ZB MR1/MR2 columns: 
GC 

 
ECD3 

Purge on  0.50 min. 
Injector/Detector temperature 250/350°C 
Column flow @3.4 mL/min 
Initial column temperature 100°C for 0.5 minutes 
Temperature ramp 15°C/min 
Intermediate column temperature 220°C for 5.0 minutes 
Second Temperature Ramp 35°C/min 
Final Column Temperature 340°C for 2.0 minutes 

7.1.2  
       

RTX-CLP/RTX CLPII columns: 
GC 

 
ECD4 

Purge on  0.50 min. 
Injector/Detector temperature 200/330°C 
Column flow @2.4 mL/min 
Initial column temperature 110°C for 0.5 minutes 
Temperature ramp 15°C/min 
Final column temperature 320°C for 2.0 minutes 

 

7.2 Eval Mix – Before pesticide calibration and/or sample analysis, a degradation check standard 
(evaluation mix) of endrin and 4,4-DDT must be injected.  Degradation of either compound must 
not exceed 15 percent.  If 15 percent degradation is exceeded, then corrective action must be taken 
(GC system maintenance, see SOP-222).  
7.3 Calibration - (See SW-846 Method 8000B Section 7.4.2).  

                  7.3.1  Initial Calibration – For single component pesticides and surrogates, a six point 
calibration is injected and analyzed for each analyte of interest.  For Toxaphene and 
Technical Chlordane a single point standard is analyzed unless they are expected then a 
five point calibration is injected and analyzed. Injection volume for standards and 
samples is equal to 2 µL using the same injection technique to introduce both standards 
and samples (use of auto-injectors makes this a constant). All calibration integrations 
must be evaluated and any manual integrations are documented by the inclusion of the 
chromatogram (which includes peak integrations) with the quantitation report.  The 
percent relative standard deviation (RSD) of the calibration factor must be <20% over the 
working range for each analyte of interest. When the 20% criteria is exceeded for an 
analyte, a linear calibration may be used if the correlation coefficient (r) is >0.995, >0.99 
for quadratic with 6 points. Otherwise, a new standard curve should be prepared for each 
analyte that exceeded the criteria.  
Initial calibration for Aroclors may be accomplished by using a six-point curve that 
contains Aroclors 1016 and 1260.  The mixture of these two Aroclors contains many of 
the peaks represented in the other five Aroclor mixtures(1221, 1232, 1242, 1248 & 
1254). The curves for Aroclors 1016 and 1260 are used to show the linearity of the 
detector and can be used to demonstrate that a sample does not contain peaks that 
represent any one of the Aroclors. The 1016/1260 curve may also be used to quantitate 
any 1016 or 1260 hits that may be seen in the samples.  The analyst has the choice of 
running a curve for the other five Aroclor mixtures or when the calibration factor for the 
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curve for 1016/1260 is <20% a single point calibration at the midpoint level 
concentration can be used for the other Aroclors.  The injection procedure for Aroclors is 
the same as single component pesticides. The percent relative standard deviation (RSD) 
of the calibration factor must be <20% but this applies to the average of the quantitation 
peaks. When the 20% criteria is exceeded for an analyte, a linear calibration may be used 
if the correlation coefficient factor (r) is >0.995, >0.99 for quadratic with 6 points.  
Otherwise, a new standard curve should be prepared for each analyte that exceeded the 
criteria.  

        7.3.2   Initial Calibration Verification - A second source standard at the midpoint level is 
used to check the validity of the curve.  The standard recovery for all analytes must be 
between 85 and 115%(80-120% DOD QSM and 8081B/8082A).  If the second source 
recovery is above 115%, it is possible that the main standard has deteriorated for that 
compound.  That standard should be remade and reevaluated.  If that does not correct the 
problem, the standard should probably be replaced and a new curve generated.  If the 
second source recovery is below 85%, the second source standard may have deteriorated 
for that compound.  This standard should be remade and reanalyzed.  If this does not 
correct the problem, the standard should be replaced.  All calibration integrations must be 
evaluated and any manual integrations are documented by the inclusion of the 
chromatogram (which includes peak integrations) with the quantitation report.  
7.3.3  Continuing Calibration Verification (CCV) - A mid-level standard must be 
analyzed every 12 hours (not to exceed 20 samples and cannot exceed 15 percent 
difference (%D), (at the beginning and end of sequence and after every 10 field 
samples, 20%D no average DOD QSM and 8081B/8082A) from the average 
calibration factor of the calibration curve.  A CCV must also be analyzed at the end of the 
analysis sequence.  If a CCV fails, GC maintenance may be necessary (see SOP-222), 
reanalysis may be required (for samples analyzed since the last valid CCV) and a 
corrective action report must be completed.  If none of the failed target compounds 
exceed 30% D and the average of all the %Ds are < 15% then the CCV may be used 
without any further corrective action. Alternatively, analytes may be flagged depending 
on their concentration and the status of the analyte in the mid-level standard.  No 
reanalysis is necessary if the analyte is undetected in the samples and recovered high in 
the CCV.  All calibration integrations must be evaluated and any manual integrations are 
documented by the inclusion of the chromatogram (which includes peak integrations) 
with the quantitation report.  Samples are then quantitated against the initial calibration 
curve. 

7.4  RT Windows - Retention time criteria set forth in SW-846 method 8000B section 7.6 are used 
to set retention time windows.  New in-house retention time windows are established after every 
major change to the system (new column or temperature program) and at initial calibration using 
the midpoint standard RTs.  If the established retention time window is less than +/-0.03 minutes, 
the window defaults to +/-0.03 minutes.  Retention times are updated with the first CCV of the day 
or the mid-level standard of the curve if samples are analyzed directly after a curve. 
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7.5   Laboratory Control Sample (LCS) - The LCS is extracted 1 per extraction batch of up to 20 
samples.  The LCS is spiked with standards prepared from an alternate vendor or lot number than 
the calibration standards.  See section 8.2 below for criteria and corrective action. 

7.6  Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch – up to 
20 samples.  See section 9.3 below for criteria and corrective action. 

7.7 Samples - Prior to using Method 608, SW-846 8081A, 8081B/8082, 8082A or CLP (pesticide 
method) the samples are prepared for chromatography using the appropriate sample preparation 
and clean up methods (generally SW-846 methods 3510, 3541, 3640, 3550, 3580, EPA 
method 608 or CLP).  

7.7.1 Example of a sequence run log: 
 
1-Primer A/B Mix-1000 or  Primer PCB-10,000 
2- EVAL Mix (Pest only) 
3- CCV A/B Mix 
4- CCV Toxaphene (single point) 
5-CCV Chlordane (single point) 
6- CCV PCB 1660 
7- Method Blank 
8-LCS A/B Mix 
9-LCS PCB 
10-Sample 
11-Sample 
12-Sample 
13-Sample 
14-Sample 
15-Sample 
16-Sample 
17-Sample 
18-Sample 
19-Sample 
20-Sample 
21-Sample-MS 
22-Sample-MSD 
23-Sample 
24-Sample 
25-Sample 
26-Sample 
27-Sample 
28-Sample 
29- CCV A/B Mix  
30-CCV PCB 

7.8 Data Reduction/Evaluation - Each sample analysis sequence is documented in the run 
logbook for the instrument.  After the sample has been analyzed, the data is processed through the 
Target DB Windows NT data system.  Quantitative measurements are performed as described in 
SW-846 8081A section 7.5.6, and section 11.5.6.1 8081B.  Rounding is performed using CLP 
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odd/even rounding rules.  The following must be checked to determine if the sample will need any 
reanalysis, cleaning or dilution.  Formal data evaluation is detailed in SOP-216 (documented using 
the USACE Analyst Data Review Checklist for USACE projects).  

7.8.1  Analyte concentration after rounding to 2 significant figures must be within the 
range of the calibration curve.  If an analyte exceeds the curve, a dilution must be 
performed and the next sample must be checked for carryover.  Any dilution should keep 
the concentration of the analyte in question within the mid-range to the top half of the 
curve.  
7.8.2  If the sample shows signs of sulfur contamination in the time range where sulfur 
compounds elute a sulfur cleanup is required [see SOP-307].  
7.8.3  If the sample has extraneous peaks eluting in the chromatogram an acid cleanup is 
required for PCB samples and may be applicable for certain pesticides, (acid clean-up 
may be required for all PCB samples, check with your supervisor),  [see SOP-308].  
 7.8.4   If the sample has extraneous peaks that are not removed by acid (PCB samples) 
and is not a sulfur interference, a florisil cleanup is recommended [see SOP-309].  A 
silica cleanup may also be used [see SOP-331].  
7.8.5 Surrogates – Control and warning limits are determined by using all blank spikes in 
the calculation, (LCSs and method blanks). All limits used are generated in-house or 
client specified (with the exception that if the in-house limit’s highest lower limit would 
be 90 and the lowest upper limit would be 110 examples: 98-120 would be 90-120 or 45-
75 would be 45-110). Surrogate standard recovery must be checked to determine if it is 
within these limits.  Two surrogates are added to each sample for pesticides.  Only one 
surrogate, DCB, is added to each PCB sample. Corrective action should be evaluated 
when any surrogate(s) is outside the action limits for a sample.  When only one surrogate 
for pesticides exceed control limits on the primary and/or confirmation column corrective 
action may not be required.  If both surrogates for pesticides (or DCB for PCB analyses) 
exceed control limits on the primary and/or confirmation column corrective action is 
required.  A corrective action form should be filled out and given to the organic lab 
manager when both surrogates for pesticides (or DCB for PCB analyses) are outside the 
action or warning limits.  The organic lab manager will then make suggestions as to what 
action should be taken, for example: the sample may need to be reanalyzed, reextracted, 
or flagged on the report for a QC problem. DOD limits will be used for DOD QSM  
projects. 

 
 WATER SOIL/SEDIMENT        WIPES 

Surrogate In-House In-House            In-House 
TCMX 25-120 30-120 80-143 
DCB 25-130 35-140 73-142 

 
7.9 Identification/Quantitation [See SW-846 method 8081A section 7.6 or method 8082 sections 

7.7-7.9].  
7.9.1    Single peak components are identified by retention time on a primary column 
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with confirmation by retention time on a secondary or confirmation column. Which 
column is used for primary/confirmation is determined by the chromatography in the 
region of the compound. The control limit for percent difference (%D) of compounds that 
confirmed from the primary column on the confirmation column is 40%. If both columns 
are equivalent, the highest concentration is reported. If a compound result is >40% 
difference, it should be flagged with a “P”. ( “J” flagged for DOD QSM projects)                

                   7.9.1.1  Due to coelution of certain compounds confirmation for all analytes may not 
be achieved. The analyst must use experience and judgment to decide if the compound 
is there. If a call is made, the data should be flagged appropriately. 

                   7.9.1.2  If a compound is outside of it's window on one column but in the window on 
the other column, the analyst will need to use their judgment or seek guidance from   
the organic lab manager or another experienced analyst to decide if the analyte is 
there.  

              7.9.2  Multi-peak components (PCB's, Toxaphene and Technical Chlordane) are identified 
by pattern recognition using an on scale standard chromatogram to compare to an on 
scale sample chromatogram enabling the analyst to judge whether the sample pattern 
matches a standard pattern.  Confirmation of multi-peak components is required by the 
method and may be accomplished in several ways.  If the sample is from a source known 
to contain specific Aroclors then this information may be used as a confirmation. 
Documentation of this approach must meet the requirements outlined in Sec. 7.7.3 of 
SW-846 Method 8082. Another approach is to use a column of dissimilar stationary 
phase and compare the pattern to a known Aroclor standard. Finally if the concentration 
is high enough GC/MS may be used as confirmation.   
   7.9.2.1  Generally, five unique peaks representing the full range of the multi-peak 

component are used in the quantitation of the multi-peak components.  Note:  for 
USACE projects, five peaks are necessary for the quantitation of multi-peak 
components. 

                  7.9.2.2  Multi-peak components that still have matrix interference after appropriate 
sample cleanup steps have been taken may need to be hand calculated using peaks that 
do not have interference.  This should be brought to the organic lab manager’s 
attention. 

   7.9.2.3 Multi-peak components that exhibit a weathered pattern may need to be hand 
calculated by the analyst.  The analyst will need to use peaks that exhibit the full range 
of weathering.  The number of peaks used to quantitate the multi-peak component will 
depend on the analyst's judgment of what it will take to achieve the truest 
concentration of the component.  This should be brought to the organic lab manager’s 
attention.  

     7.9.3 Quantitation – Once a compound has been identified qualitatively, the concentration 
must then be quantitated.  If the RSD of the compound’s response factor is 20% or less, 
then the concentration may be determined using the mean calibration factor, CF, from the 
initial calibration data.  Otherwise, the analyst must use either a calibration curve or a 
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non-linear calibration model such as polynomial equation for quantitation.  Calculations 
follow in Section 8.0. Refer to SOP-224 for guidance for manual integrations   

8.0     Calculations: 
 

 8.1    Calculate the calibration factor (CF) for each analyte  at each concentration as: 
 

                                      Peak Area (or Height) of the Compound in the Standard 
                           CF =       Mass of the Compound Injected (in nanograms) 

 
8.2    The mean CF is calculated as follows: 

 

 
        
        
 
       8.3  The standard deviation (SD) and the relative standard deviation (RSD) of the calibration 

factors for each analyte are calculated as follows:  
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                            RSD = SD X 100 
                                       CF 
8.4   Calibration verification involves the calculation of the percent drift (linear or quadratic) or the 
percent difference (average) of the instrument response between the initial calibration and each 
subsequent analysis of the verification standard.  Use the equations below to calculate % Drift or 
% Difference, depending on the calibration procedure used. 
 

                                      (Calculated concentration – Theoretical concentration) * 100 
                            % Drift =                       Theoretical Concentration 
 

where the calculated concentration is determined from the initial calibration 
and the theoretical concentration is the concentration at which the standard 
was prepared. 
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    (CCV CF – Average CF) * 100 
     % Difference =    Average CF 
 

where CCV CF is the calibration factor from the analysis of the verification 
standard and mean CF is the average calibration factor from the initial 
calibration. The % difference or % drift calculated for the calibration 
verification standard must be within ±15% for each analyte before any sample 
analyses may take place. 

 
8.5 Concentration in water samples is calculated as follows: 

      [Note: Using the units specified here for these terms will result in a concentration in  units of 
ng/mL, which is equivalent to μg/L.] 

 
 

 
 

where: 
Ax = Area (or height) of the peak for the analyte in the sample. 
Vt = Total volume of the concentrated extract (μL).   
D = Dilution factor, if the sample was diluted prior to analysis.  If no 

dilution was made, D = 1.  The dilution factor is always 
dimensionless. 

Vi = Volume of the extract injected (μL).  The nominal     injection 
volume for samples and calibration standards must be the same. 

CF = Mean response factor from the initial calibration.  
Vs = Volume of the aqueous sample extracted (mL).  If units of liters 

are used for this term, multiply the results by 1000. 
 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted.  

 
   8.6    Concentration in non-aqueous samples is calculated as follows:   

      [Note: Using the units specified here for these terms will result in a concentration in units of ng/g, 
which is equivalent to μg/kg.] 
 
 

 
 

where:  
Ax, Vt, D, and CF are the same as for aqueous samples, and 
Ws = Weight of sample extracted (g).  Either a dry weight or wet weight may 

be used, depending upon the specific application of the data.  If units of 
kilograms are used for this term  multiply the results by 1000. 
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The 1000 in the denominator represents the number of μL in 1 mL.  If the injection (Vi) is 
expressed in mL, then the 1000 may be omitted. 

 
9.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS  

9.1 Surrogates - All samples and QC are spiked with surrogates.  The surrogate recoveries from 
method blanks and LCS are charted to generate control limits and charts for diagnostic purposes.  
8000B See section 7.8.5 above for criteria and corrective action. 

9.2 LCS Sample - The LCS is extracted with every extraction batch - up to 20 samples.  To 
prepare the LCS, a blank is spiked with standards prepared from an alternate vendor or lot number 
than the calibration standards.  The recoveries are charted to generate control charts and limits.  
See the LCS report form in the appendix for the laboratory generated limits.  These limits default 
to method limits if generated limits are wider.  If the LCS compound has a recovery above the 
upper limit, but the same compound is not detected in any of the batch samples, no corrective 
action is required.  For all other situations, the LCS should be reanalyzed for the failed analytes 
only or results for that analyte should be flagged.  If the second analysis fails, all associated 
samples should be reextracted/reanalyzed for the failed analytes only. DOD limits will be used 
for DOD QSM  projects. 
9.3 Method Blanks - The concentration of all method target analytes should be below the MDL 
(<RL, common laboratory contaminates; < ½ RL, all other compounds or client/authority 
specified) for each method target analyte.  If contamination exceeds the requirement, the following 
corrective actions must be taken.  The first step is to assess the effect on the samples.  If an analyte 
is found only in the method blank, but not in any batch samples, no further corrective action may 
be necessary.  Steps should be taken to find/reduce/eliminate the source of this contamination in 
the method blank.  If an analyte is found in the method blank and some, or all, of the other batch 
samples, then corrective action is required.  The source of contamination must be investigated and 
appropriate action taken and documented to find/reduce/eliminate the source of this contamination.  
The method blank, and any samples containing the same contaminant, would likely be 
reextracted/reanalyzed.  For the common laboratory contaminants, meeting the above requirements 
is not practical.  Random cases of contamination are difficult to control, however, daily 
contamination is not acceptable and corrective action is essential.  If a contaminant is found in the 
method blank and the samples, the compound concentration must be flagged with a 'B' on the final 
report unless the concentration is greater than 5x that found in the method blank. 

9.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked for a 
MS/MSD (for 608 projects, 1 in 10 samples are spiked for MS).  For project specified full list 
MS/MSDs, the LCS standard is used for spiking. Criteria for the MS/MSD are found in Table 5-3 
of the Laboratory Quality Assurance Manual.  Both the percent recoveries (%R) and relative 
percent differences (RPDs) are contained in this table (for project specified full list MS/MSDs, the 
MS/MSD limits are the same as the LCS limits).  Samples that do not meet these criteria due to 
matrix should be evaluated for placing a flag on the final report due to QC problems.  The 
associated LCS results should be used to verify method performance (section 8.4.3 Method 
8081A).  MS data evaluation must include the consideration of the following factors. 
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9.4.1  Sample matrix - If the sample is a soil, grab sample or sequentially collected water 
sample it may affect the %R and RPD of the MS/MSD.  Corrective action must be taken 
in the form of reanalysis if a method problem is indicated.  

         9.4.2 Original sample concentration - If a spiked compound has a problem and the   
concentration of that compound in the original sample was more than four times the 
concentration of the spike, no further corrective action may be necessary other than the 
generation of a corrective action report to document the problem.  In this case, the 
MS/MSD may be evaluated as sample duplicates.  

       9.4.3  MS vs. MSD - If a spiked compound has a similar problem in both the MS and 
MSD and is not traced to a method problem, no further action may be necessary other than 
the generation of a corrective action report to document the problem.   

             9.4.4  Non-target Interference - The presence of significant non-target interference should 
be brought to the immediate attention of your supervisor who should discuss the problem 
with the client/project manager to determine the action to be taken. 

             9.4.5  Documentation of capability (DOC) – Each analyst must perform a DOC to 
demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 
10.0 HEALTH, SAFETY, WASTE MANAGEMENT AND POLLUTION PREVENTION 

10.1   Care should be used in handling all samples.  Safety glasses must be worn in the lab at all   
times.  The use of blue nitrile gloves and lab coats is highly recommended. 

10.2  Research into expected sample content and concentration should be done in order to be 
prepared for additional safety considerations.  Generally, any samples that need special 
consideration have applicable notes on the sample logs. 

10.3  MSDS sheets are available for all reagents and standards that have been purchased.  These 
are located in the bookshelves across from the Quality Assurance Officers cube. 

 
10.4  Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste coming from 
this area within our laboratory. Quantity of chemicals purchased should be based on expected 
usage during its shelf-life and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 

  
11.0 EXAMPLE FORMS  

Examples of the water and soil LCS report sheet and the USACE analyst data review checklist are 
located in the appendix. 
 
 
 
 
  



                   EMPIRICAL LABORATORIES, LLC SOP-211 
 Revision:20 
 Date:  04/27/09 
 Page 13 of 18 
 

 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-211-REV20.doc 

12.0 REFERENCES 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; 
Method 8081A, 8081B, 8082, 8082A 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 608, 608.2; APX-B 

 
3. USEPA Contract Laboratory Program(CLP) for Organics ILM04.2; ILM04.3 

 
4. DOD Quality Systems Manual, Ver. 3/4.1 

 
 

13.0 DEFINITIONS 
 

Refer SOP-431 for a list of definitions.
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FORM 3 

                  WATER PESTICIDE/PCB LAB CONTROL SAMPLE 
     ( In- House) 
  Lab Name: Empirical Laboratories, LLC    Contract:  
 
  Lab Code: NA   Batch No.: NA   SAS No.: NA       SDG No.: 
 
  Matrix Spike   -   Client Sample No.: LCS             
 ____________________________________________________________________________ 
|                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
|                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
|  COMPOUND              | (µg/L)  |   (µg/L)    |   (µg/L)    | REC #| REC. | 
|========================|=========|=============|=============|======|======| 
| Aldrin                 | 0.05000 |     NA      |    0.05000  |  100 |25-110| 
| alpha-BHC              |  0.1000 |     NA      |     0.1000  |  100 |45-125| 
| alpha-Chlordane        | 0.05000 |     NA      |    0.05000  |  100 |50-125| 
| beta-BHC               | 0.05000 |     NA      |    0.05000  |  100 |50-130| 
| 4,4'-DDD               |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| 4,4'-DDE               |  0.1000 |     NA      |     0.1000  |  100 |45-130| 
| 4,4'-DDT               |  0.1000 |     NA      |     0.1000  |  100 |50-140| 
| Dieldrin               |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| delta-BHC              | 0.05000 |     NA      |    0.05000  |  100 |40-135|  
| Endosulfan I           |  0.1000 |     NA      |     0.1000  |  100 |50-120| 
| Endosulfan II          |  0.1000 |     NA      |     0.1000  |  100 |55-135| 
| Endosulfan sulfate     |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| Endrin                 |  0.1000 |     NA      |     0.1000  |  100 |40-150| 
| Endrin aldehyde        |  0.1000 |     NA      |     0.1000  |  100 |40-130| 
| Endrin ketone          |  0.1000 |     NA      |     0.1000  |  100 |60-130| 
| gamma-BHC (Lindane)    |  0.1000 |     NA      |     0.1000  |  100 |50-130| 
| gamma-Chlordane        | 0.05000 |     NA      |    0.05000  |  100 |50-125| 
| Heptachlor             |  0.1000 |     NA      |     0.1000  |  100 |35-125| 
| Heptachlor epoxide     | 0.05000 |     NA      |    0.05000  |  100 |50-130| 
| Methoxychlor           |  0.5000 |     NA      |     0.5000  |  100 |50-140| 
| PCB-1248               |   10.00 |     NA      |      10.00  |  100 |50-140| 
|________________________|_________|_____________|_____________|______|______| 
 
  # Column to be used to flag recovery values with an asterisk 
 
  * Values outside of QC limits 
 
  Spike Recovery:  0 out of 21 outside limits 
   
COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
 
page 1 of 1                      FORM III PEST                            



             EMPIRICAL LABORATORIES, LLC SOP-211 
 Revision:18 
 Date:  01/24/08 
 Page 16 of 18 

 
 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-211-REV20.doc 

                                 FORM 3 
                  SOIL PESTICIDE/PCB LAB CONTROL SAMPLE 
     (In-House) 
 
  Lab Name: Empirical Laboratories, LLC   Contract:  
 
  Lab Code: NA   Batch No.: NA   SAS No.: NA       SDG No.: 
 
  Matrix Spike   -   Client Sample No.: LCS             
 
 ____________________________________________________________________________ 
|                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
|                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
|  COMPOUND              | (µg/kg) |   (µg/kg)   |   (µg/kg)   | REC #| REC. | 
|========================|=========|=============|=============|======|======| 
| Aldrin                 |  5.0000 |     NA      |     5.0000  |  100 |30-135| 
| 4,4'-DDT               |  10.000 |     NA      |     10.000  |  100 |30-160| 
| Dieldrin               |  10.000 |     NA      |     10.000  |  100 |30-150| 
| Endrin                 |  10.000 |     NA      |     10.000  |  100 |35-160| 
| gamma-BHC (Lindane)    |  10.000 |     NA      |     10.000  |  100 |30-145| 
| Heptachlor             |  10.000 |     NA      |     10.000  |  100 |40-150| 
| PCB-1248               |  1000.0 |     NA      |     1000.0  |  100 |50-150| 
|________________________|_________|_____________|_____________|______|______| 
 
 
  # Column to be used to flag recovery values with an asterisk 
 
  * Values outside of QC limits 
 
  Spike Recovery:  0 out of 7 outside limits 
 
 
COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
 
page 1 of 1                      FORM III PEST                            
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ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 8081/8082 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
A. Initial Calibration 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Does the curve consist of at least five Calibration Standards? 

 
 

 
 

 
 

 
 

 
 3. Is the low standard near, but above the MDL? 

 
 

 
 

 
 

 
 

 
 4. Are the % RSDs within QC limits for all analytes? 

 
 

 
 

 
 

 
 

 
B. Second Source Verification 
 1. Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
C. Continuing Calibration 
 1. Are the Continuing Calibration Verification (CCV) standards analyzed 

every 20 samples or every 12 hours and at the end of the sequence? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 2. Are the % differences within QC limits for all analytes? 

 
 

 
 

 
 

 
 

 
D. Sample Analysis 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Are all sample holding times met? 

 
 

 
 

 
 

 
 

 
 3. Are all samples with concentrations > the highest standard used for 

initial calibration diluted and reanalyzed? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 4. For single peak analytes - are all compounds identified on the primary 

column confirmed on the secondary column? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 5. For multi-peak analytes - does the pattern of the analyte in the sample 

match the pattern of the standard? 
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 6. Are surrogate recoveries within QC limits?  (one surrogate both 

columns) 

 
 

 
 

 
 

 
 

 
ANALYST DATA REVIEW CHECKLIST 

 
 

 
E. QC Samples 
 1. Is the Method Blank extracted at the desired frequency and is its 

concentration for target analytes less than the MDLs? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 2. Is the Laboratory Control Sample and its percent recovery within QC 

limits? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 3. Is the Matrix Spike/Matrix Spike Duplicate extracted at the desired 

frequency and is the percent recovery/RPD within QC limits? 

 
 
 

 
 
 

 
 
 

 
 
 

 
F. Others 
 1. Are all nonconformances included and noted? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Are all calculations checked at the minimum frequency? 

 
 

 
 

 
 

 
 

 
 3. Did analyst initial/date the appropriate printouts and report sheets? 

 
 

 
 

 
  

 
 4. Are all sample IDs and units checked for transcription errors? 

 
 

 
 

 
  

 
 5. Are all manual integrations checked by a second reviewer to verify they 

were performed correctly? 

 
 
 

 
 
 

 
 
 

 
 
 

 
Comments on any "No" response: 

 
               Analyst:  Date:  

    
Second-Level Review:  Date:  
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GC/MS BNA - AQUEOUS MATRIX EXTRACTION 
USING SW846 METHOD 3510C/8270C, 625 

 
I. SCOPE AND APPLICATION/SUMMARY 
 

1. This SOP describes the extraction of BNAs from water by separatory funnel 
extraction using SW846 Method 3510C and 625. Samples are extracted with 
methylene chloride and concentrated to an appropriate final volume. 

 
II.          INTERFERENCES 
               

1. Solvents, reagents, glassware, and other sample processing apparatus can add 
interferences to sample analysis. Method blanks must be extracted under the same 
conditions as samples to demonstrate freedom from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the analysis. Plastics 
should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and heptachlor. Glassware 
should be solvent rinsed to avoid this problem.    

 
III. APPARATUS AND MATERIALS  
 
• Separatory Funnel - 2-Liter with Teflon stopcock 
• Beaker - 400 mL 
• Drying /Chromatographic column - 20 mm I.D. x 300 mm or funnel 
• Turbo-Vap evaporation tube - 200 mL tube made by Zymark to fit into Turbo-Vap evaporator 
• Metal rack - capable of holding six glass evaporation tubes 
• Turbo-Vap Evaporator - heated and capable of temperature control (+5°C); the bath should 

be vented into a hood. 
• Vials - 2 mL glass amber, with Teflon-lined screw cap and 40 mL with Teflon lid. 
• pH indicator paper - close range (1.0 - 2.0) and (10.0 - 12.0); wide range (1.0 - 12.0) 
• Syringe - 1 mL, 500 mL 
• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, and 100 mL 
• Pasteur pipette - length 9" and 5-3/4" 
• Pasteur pipette bulb  
• Labels - Avery 
• Teflon Bottles - 250 mL and 1000 mL 
• Ring stand - 3 prong 
• Aluminum foil - heavy duty 
• 10 mL disposable pipette 
• Nitrogen tank - equipped with pressure regulator  
 
 
IV. REAGENTS 
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• Reagent Water - Reagent water is gathered in a carboy from source in the instrument lab 

daily.  Remaining water in the carboy is dumped at the end of each day. 
 
• Sodium Hydroxide Solution - (10N), Weigh 400 g NaOH (purchased in a plastic container 

from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker and cover with reagent 
water.  Swirl until all pellets are dissolved.  This mixture gets very hot.  Let stand until cool.  
Transfer to a 1-liter volumetric flask with several rinses of reagent water and dilute to 1 liter 
with reagent water.  Transfer to a 1000-mL Teflon container. 

 
• Sodium Sulfate - Granular, anhydrous, trace pure 10 - 60 mesh (purchased in plastic bulk 

containers from Fisher # S415-10S or equivalent) placed in Pyrex  tray and heated at 400°C 
for a minimum of 4 hrs, removed and cooled in open air in the extraction lab, placed in a 
2.5 kg glass amber jug and left at room temperature. 

 
 
• Glass Wool - Silane Treated (purchased from Supelco #2-0410 or equivalent). 
 
• Sulfuric Acid Solution - (1:1), slowly add 500 mL of H2SO4 (Baker, suitable for trace metal 

analysis #9673-33 or equivalent) to 500 mL of reagent water in a 1000 mL Teflon container.  
This mixture will get very warm.  Allow to cool before use. 

 
• Extraction Solvent - Methylene Chloride (Please read SOP-336 before handling this 

solvent in our laboratory.) (Dichloromethane - Omnisolv - suitable for spectrophotometry 
and gas chromatography #DX0831-1 or equivalent). 

 
• The GC/MS operator makes up all surrogates and spikes. Verify the amount of 

surrogate/spike to add to the sample prior to addition.  It can change if a different detection 
limit is required or the volume of sample being analyzed changes. 

 
BNA Surrogate - The base neutral and acid surrogates are normally mixed together in one 
solution.  This solution is purchased from a reputable vendor.  Use 0.5 mL of this solution per 
1000 mLs of aqueous sample for surrogate amount of 100:200 ug/mL per sample.  (For low 
level PAHs use 1.0ml of a 1.0µg/mL BN Surrogate spiking solution.) 

 
 BNA Spiking Solution - The base neutral and acid spiking solutions are 
normally mixed together in one solution ( This spiking solution contains all 
the compounds that are normally calibrated by GC/MS ).  This solution is 
prepared in methanol by making a dilution of stock purchased from a reputable 
vendor.  Use 0.5 mL of this solution per 1000 mLs of aqueous sample for LCS 
amount of 100ppm per sample.  There are two separate spiking solutions 
available – one solution has a more complete list of BNA compounds than the 
other which is called the short or matrix spike list.  The long list should be used 
on all extractions unless your supervisor has approved the short list.  The short 
list may be used for any ‘phenol only’ extractions. (For low level PAHs use 1.0 ml of 
a  1.0ppm of the LLPAH spiking solution.) 
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BNA TCLP Spike – 0.5 mL is added per 100-mL volume.  Each matrix type must have its 
own TCLP spike.  TCLP spike should be added after the TCLP has been filtered but prior to 
refrigeration.  From the volume provided by Wet Chemistry, remove a 100-mL aliquot into a 
suitable container with a teflon lid, and spike as indicated above.  

 
V. PROCEDURE 
 
1. All waters have a seven-day holding time counted from the hour they are sampled.  

Determine the samples necessary to extract from the following sources (Note: never 
extract samples of unknown origin without discussion with supervisor): 
• Each day a backlog report will be provided indicating sample numbers with the 

respective analysis required.  Line through all the extractions that have been 
completed and plan to do the remaining analysis within the required holding time. 

• Samples requiring RUSH turn around time may be logged in throughout the day 
which will require your immediate attention.  Log-in personnel will generally 
communicate this need. 

• Check with log-in throughout the day and examine the COC (chain of custody) forms 
that arrive with each set of samples.   If an analysis is ongoing, extra QC may be 
avoided by picking up those extractions on the same day. 

 
2. Wearing lab coat, gloves and safety glasses, get samples from refrigerator.  Samples must 

be signed out of the walk-in refrigerator.  Enter the sample numbers, your initials and the 
date and time removed on the log provided.  Inspect as to whether they are in glass amber 
jar and have a Teflon lid. Find out if any special dilutions need to be made for this client.  
Routine procedures for difficult matrices are listed below:  

 
SLUDGE - use only 100 mL and dilute to 1000 mL with reagent water.   
TCLP EXTRACT - use only 100 mL and dilute to 1000 mL with reagent water.  A 
separate matrix spike of 100 mLs (which has already been spiked as explained in the 
BNA TCLP Spike section above) should be set up at the same time.  Dilute to 1000 mL 
with reagent water.   
BAD MATRIX – for example a liquid that is partially sediment, see your supervisor to 
find out what dilution, if any should be made.  SPLP extract- use 1 liter. 
NPDES client - a special list of compounds is required including benzidine.   Method 
625 requires that there be a spike every ten samples.   The sample must be extracted and 
concentrated in the same day.  A GC/MS screen is recommended; therefore this 
extraction should be coordinated with the GC/MS operator.  1 mL is added to the LCS 
and the matrix spike. 
ACID EXTRACT WITH BAD MATRIX - a cleanup step is added.  Samples are taken 
to a high pH, extracted with 60 mLs methylene chloride one time as explained below in 
the BASE NEUTRAL EXTRACTION section.  This extract is discarded.  The samples 
are then taken to a low pH and extracted as an acid extraction.  Acid extractions may be 
concentrated in the TurboVap.   
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3. LOW LEVEL POLYAROMATIC HYDROCARBONS (PAHs) – Samples require a  
BNA extraction.  Use the Surrogate and BN spiking solutions specified.  Low level PAHs 
are normally concentrated on the Turbo-Vap using Round-Bottom TV tubes to a final 
volume of 0.5 mL  

 
4. Mark the amber glass container of each sample at the water meniscus with "white out" for 

later determination of sample volume.  Check the pH by inverting the sample and 
touching the wide range pH paper to the portion that remains on the lid.  Record this pH 
in the logbook. 

 
5.   Get out enough separatory funnels to extract the number of samples you have plus any 

additional spikes and a method blank.  A method blank and an LCS must be processed 
with each set of samples. If the sample is a TCLP, blank fluid may be provided along 
with the extracted TCLP sample(s).  Use only 100 mL and dilute to 1000 mL with 
reagent water.  A matrix spike and a duplicate or a matrix spike duplicate must be 
processed for each analytical batch (up to a maximum of 20 samples).  In the event that 
adequate sample is not provided to do an MS/MSD, an LCS duplicate should be done.  
Rinse separatory funnels with methylene chloride.  Place an Avery label on each 
separatory funnel containing the following information:  Lab #, Client name, Type of 
Analysis, Initial Volume-Final Volume, and the Lab prepbatch code.  The lab batch code 
is defined as MMDDYYB# where #:  1 = 1st method blank of the day; 2 = 2nd method 
blank of the day; etc.  The Method Blank and LCS label should include all lab #s in this 
set of samples. 

 
6. Using the 1000-mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1000 mL of reagent water from the carboy and transfer it to a separatory funnel 
for the method blank and LCS.  Transfer sample to separatory funnel that corresponds to 
the lab # on the sample bottle.  

 
7. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can change 

if a different detection limit is required or the volume of sample being analyzed changes. 
Set out the surrogate/spike at least ten minutes before use to allow it to warm to room 
temperature.  

 
Generally 0.5 mL of BNA surrogate is added to each sample, spike, and blank with a 
syringe designated for BNA surrogate. For low level PAHs use 1.0ml of a 1.0ppm 
LLPAH Surrogate spiking solution.   Someone must verify that the surrogate has been 
added by placing a check mark on each label as it is added.  

 
NOTE:  Be sure to invert syringe and eliminate air bubble when obtaining surrogate 
solution and spiking solution. 

 
For the sample in each analytical batch selected for spiking, use the 0.5-mL glass syringe 
designated for BNA spike, to add 0.5 mL of BNA spiking solution. For low level PAHs 
use 1.0 mL of the 1.0ppm LLPAHs  spiking solution.  Someone must verify that the 
spike has been added by placing a check mark on each label as it is added.  For DOD 
QSM projects, all target compounds will be spiked into the LCS and MS/MSD. 
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Enter the ID# of the surrogate/spike used and the initials of the person that verified their 
addition to the sample in the BNA logbook. 
 

8. ACID EXTRACTION:  Adjust the pH to between 1.0 and 2.0, using 2 mL of 
1:1 H2SO4.  Add to each sample, spike and method blank.  Stopper and shake to insure 
that pH throughout the sample is changed.  Check the drop of liquid hanging from the lid 
with short-range pH paper.  Compare the color to the chart on the pH paper.  If the color 
is not within range add more H2SO4 solution in small increments, as required to attain 
the proper pH. 

 
9. Add 40 mL of Methylene Chloride to each empty sample bottle and to the LCS, method 

blank and MS/MSD funnels. Swirl the 40-mL of methylene chloride that you added to 
the empty sample bottle and transfer to the corresponding separatory funnel. 

 
10. Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting to 

release excess pressure.  Alternatively, Teflon funnels may be used and placed in the 
shaker apparatus with the stopcocks slightly open. When this apparatus is used, the shake 
should be for 3 minutes. 

 
NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial 
venting should be done immediately after the separatory funnel has been sealed and 
shaken once. 

 
11. Allow the sample to sit for 10 minutes, if necessary, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 
(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe to 
be 40 mL into a 250 mL centrifuge bottle.  If the layers are clearly separated, drain the 
solvent layer into a 400-mL glass beaker. 

 
12. Following Steps 9 and 10, extract two more times with 40 mLs of methylene chloride.  

Combine the three solvent extracts into the same 400-mL beaker. 
 
13. BASE NEUTRAL EXTRACTION:  Adjust the pH to 11 or slightly greater, using 

10N NaOH.  Start by adding 5.0 mLs to each sample, spike, and method blank.  Stopper 
and shake to insure that pH throughout the sample is changed.  Check the drop of liquid 
hanging from the lid with short-range pH paper.  Compare the color to the chart on the 
pH paper.  If the color is not within range add more 10N NaOH in small increments, as 
required to attain the proper pH.  BNA extraction is necessary when doing low level 
PAHs. 

 
NOTE:  This step is critical to the extraction procedure.  Too much NaOH solution 
could cause you to lose certain Base Neutral compounds.  Be careful on this step. 

 
14. FOR 8270 extraction: Extract one more time with 40 mL of methylene chloride 

following Steps 9 and 10. Combine BN and Acid extracts in a same 400ml beaker, unless 
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the BN extract has large amount of emulsion; then it will be necessary to use a separate 
400 mL beaker.  Concentrate BN and acid extracts for one final extract. 

             NOTE: It has been demonstrated that two acid and one BN extraction can be used 
for normal 8270 samples. This procedure cannot be used for DOD or 625 samples. 

 
 For 625 extraction: extract 3 more times with 40 mL methylene chloride following steps 

9 and 10. Combine BN extracts in separate 400 mL beaker. Concentrate BN and acid 
extracts separately for one final extract.  

 
15. In the log book marked BNA extractions, enter the Client name, the Lab #, the date 

extracted, the initial volume, and 1.0 mL for the final volume and anything unusual that 
may have occurred with this sample.  The final volume for low level PAHs is 0.5 mL. 

 
16.   Prepare to dry the sample by either of the following methods: 

16A. Get a ring stand with a double burette clamp attached to it.  Cover the burette 
clamp ends with aluminum foil to prevent the possibility of solvent touching the 
plastic coated ends and dripping into the extract.  Place a drying column into the 
burette clamp and transfer a small amount of glass wool to the top of it.  Tamp it 
to the bottom with a glass rod so that it adequately covers the hole at the bottom.  
Add approximately 10 cm of Sodium Sulfate to the column.  Rinse with 20 to 
30 mL of methylene chloride and discard this rinse into the Chlorinated Waste 
container in the hood. OR 

 
16B.   Set up a ring stand with funnels.  Place a small amount of glass wool in the 

bottom of it, add ~2” sodium sulfate to the column and rinse with 20-30 mL 
methylene chloride.  Discard this rinse into the Chlorinated Waste container in 
the hood. 

 
 
17. If the extract was drained into a centrifuge bottle, at this point you will need to take it to 

the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the large 
holders are available for the 250-mL centrifuge bottles.  The sample must always be 
balanced.  If necessary use a dummy bottle making it similar weight using reagent water.  
Set the rpm at 2500 and the temperature at 0°C.  Close the lid and be sure to press it 
down until you hear it click.  Move the lever at the front of the lid to the "LOCK" 
position.  Turn the time to approximately 15 minutes and bring it back to 10 minutes.  As 
the rotor begins to move, you will be able to see the rpm's in the digital readout.  Stay 
with the centrifuge until it has come up to the rpm's set to insure that it does not become 
unbalanced.  This looks like 8888 on the digital readout.  Should this occur, refer to the 
manual.  When the cycle is complete, the digital readout will read 0000.  Push the 
"OPEN" button and the lid will pop up.  Move the lever at the front of the lid to the 
"UNLOCK" position.  Open lid and remove sample.  The sample will usually be in two 
layers with the extract on the bottom. 

 
18. Remove any water layer from the extract in the beaker or centrifuge bottle, by one of two 

methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, on top, 
and not the solvent.  Discard this layer in the sink.  Use the smallest amount possible of 
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Na2SO4 by sprinkling the top layer with Na2SO4 until it hardens, separates, and drops to 
the bottom.  

 
19.  TURBO-VAP CONCENTRATION  

Low level PAH sample concentration is primarily done by Turbo-Vap using 
Round-Bottom TV tubes. 

 
• Rinse a Turbo-Vap tube with methylene chloride and arrange it underneath a 

rinsed, packed drying column or funnel.  Pour the extract through the column 
so that it will collect in the tube. Rinse the 400-mL beaker, which contained 
the solvent extract twice with 10 to 15 mL of methylene chloride and add 
each rinse to the column to complete the quantitative transfer.  After all the 
extract has passed through the column, rinse the column with 10 to 15 mL of 
methylene chloride.  Total volume in the glass evaporator tube should not 
exceed 200 mLs to avoid splattering on the lid of the Turbo-Vap.  

• Record the numbers of the Turbo-Vap tube in the BNA logbook and remove 
the tube to a metal holder.    To help prevent cross contamination, place a 
piece of aluminum foil over the Turbo-Vap tube and punch a small hole in 
the top so that the nitrogen can be accessed.   

 
• Turbo-Vap Operation:  Adjust the pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  The temperature 
of the bath should be approximately 40°C -50°C. 

 
• Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube down 

so the tip slides into the sensor well.  Close the lid to start concentration.  
Check that each position with a tube has an orange light showing.  If the 
orange light is not steady, bubbles may be in the sensor and need removal.  
(See Turbo-Vap manual). 

 
• When the beep sounds indicating the end of concentration, the extract will be 

at approximately one half mL (half way up tip of tube).  Remove the tube 
from the bath. Use a 9" Pasteur pipette to draw up the sample and transfer it 
to the 2-mL vial.  THIS IS THE MOST CRITICAL PART OF THE ENTIRE 
OPERATION!!!  A single drop represents about 10 percent of the total 
sample.  Before you move the tip of the pipette from the tube to the vial, be 
sure that a drop will not form on the end and fall off. 

 
• Draw ~0.25 mL of methylene chloride into a 0.50 mL syringe and add this 

aliquot to the centrifuge tube.  Draw the methylene chloride into a pipette 
and rinse the sides of the tube several times.  Transfer this rinse to the 2-mL 
vial.  Add methylene chloride from the syringe and repeat the rinsing process 
until you have ~ 1 mL in the sample extract vial.   Compare this volume to a 
2-mL dummy vial containing 1 mL of solvent to insure that you have not 
exceeded 1 mL.  For low level PAHs the final volume is 0.5mL.  The 
methylene chloride rinse volume must be adjusted to achieve this final 
volume.  Compare the volume to a 2mL dummy vial containing 0.5 mL of 
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solvent to insure that you have not exceeded 0.5 mL.  The GC/MS operator 
will adjust the sample to the desired final volume and add internal standard 
just prior to analyses.  Cover the extract with a Teflon-sealed screw cap and 
transfer the label to the vial. 

 
 
20. Determine the original sample volume by refilling the sample bottle to the mark made 

with "white out."  Transfer the liquid to a plastic 1000-mL graduated cylinder and record 
the sample volume in the BNA logbook and the Avery label to the nearest 10-mL.  

 
21. The extract is now ready to be analyzed.  Refrigerate at 4°C or carry directly to the 

instrument operator.  Samples must be signed into the Sample Extract refrigerator.  On 
log provided, enter the sample numbers, the analyst initials, and the date and time the 
samples were placed into the refrigerator. 

 
VI.      DOCUMENTATION OF CAPABILITY ( DOC) 
            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 
 
VII.     WASTE MANAGEMENT AND POLLUTION PREVENTION 

 
               Please see Waste Disposal SOP-405 for the proper disposal of waste generated 

from this area. 
 
             Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should 
reflect anticipated usage and reagent stability. 

 
VIII.    METHOD PERFORMANCE 
 
            Refer to SOP-201 for method performance. 

 
IX.      HEALTH AND SAFETY 
 

Refer to the MSDS sheets for the chemicals used for health and safety information.     
Also see SOP-336 for proper use of methylene chloride. 
 

REFERENCES 
 

1. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 
2. 40 CFR, Method 625. 

DEFINITIONS 
 

 
BNA-      base/neutral acid 
°C -        degrees centigrade 
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COC -    chain of custody 
DL -       detection limit 
g -          grams 
KD -       kuderna danish 
LCS -      laboratory control sample 
μg/L -     micrograms per liter 
µL -        microliter 
μg/ml -    micrograms per milliliter 
ml -         milliliter 
mm -       millimeter 
MS -       matrix spike 
MSD -    matrix spike duplicate 
PAH-      polynuclear aromatic hydrocarbon 
RL -        reporting limit 
SOP -     standard operating procedure 
v/v -        volume to volume 
 
Refer to SOP-431  for further definitions 
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Fraction:  Semi-volatiles     Matrix:  Water          EX0__           
Supervisor_________________

________ 
   Date Setup  Initial Final Surrogate Surr Spike Spk  10ml 15ml Conc. Solvent Lot/Vendor   
# Client Lab No. Extracted Initials pH Volume(ml) Volume(ml) Added Initials Added Initials KD Conc. Cent. Initials Methylene Chloride Notes/Comments # 
1          NA NA       1 

2          NA NA       2 

3          NA NA       3 

4          NA NA       4 

5          NA NA       5 

6          NA NA       6 

7          NA NA       7 

8          NA NA       8 

9          NA NA       9 

10          NA NA       10 

11          NA NA       11 

12          NA NA       12 

13          NA NA       13 

14          NA NA       14 

15          NA NA       15 

16          NA NA       16 

17          NA NA       17 

18          NA NA       18 

19          NA NA       19 

20          NA NA       20 

                   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
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 PESTICIDE/PCB - AQUEOUS MATRIX EXTRACTION 
BY EPA METHOD 608/608.2 AND SW-846 METHOD 8081A/8082 

USING SW846 METHOD 3510C 
 
I. SCOPE AND APPLICATION 
 

1. This SOP describes the extraction of pesticides/PCBs from water by separatory 
funnel extraction using SW846 Method 3510C and Method 608/608.2. 

 
II. SUMMARY 
 

1. Aqueous samples are extracted three times with methylene choride. The extracts are 
dried through sodium sulfate and concentrated and exchanged to hexane.  

 
III.        INTERFERENCES 
               

1. Solvents, reagents, glassware, and other sample processing apparatus 
can add interferences to sample analysis. Method blanks must be 
extracted under the same conditions as samples to demonstrate freedom 
from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the 
analysis. Plastics should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and heptachlor. 
Glassware should be solvent rinsed to avoid this problem.    

 
 
IV.         APPARATUS AND MATERIALS 
 
• Separatory Funnel - 2 Liter with Teflon stopcock 
• Beaker - 400 mL 
• Drying/Chromatographic column - 20 mm I.D. x 300 mm (or funnel) 
• Turbo-Vap evaporation tube - 200-mL tube made by Zymark to fit into Turbo-Vap 

evaporator. 
• Metal rack - capable of holding six glass evaporation tubes. 
• Turbo-Vap Evaporator - heated and capable of temperature control (+5°C); the bath 

should be vented into a hood. 
• Vials 10-mL glass, with Teflon-lined screw cap  
• pH indicator paper - wide range (1.0 -12.0) 
• Syringe - 1 mL, 500 µL 
• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, and 100 mL 
• Pasteur pipette - length 9" 
• Pasteur pipette bulb  
• Labels - Avery 
• Teflon Bottles - 250 mL and 1000 mL 
• Volumetric Flasks - Class A, glass, 1000 mL, 500 mL,100 ml, 50 ml. 
• Ring stand - 3 prong 
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• Burette clamp - double 
• Aluminum foil - heavy duty 
• 10 mL disposable pipette 
• Nitrogen tank - equipped with pressure regulator  
• Boiling chips - Teflon 
 
 
V. REAGENTS 
 
• Reagent water - Reagent water is gathered in a carboy from source in the instrument lab 

daily.  Remaining water in the carboy is dumped at the end of each day. 
• Sodium Sulfate (Na2SO4) - Granular, anhydrous, trace pure 10 - 60 mesh 

(purchased in bulk containers from Fisher # S415-10S or equivalent] placed in a 
Pyrex tray and heated at 400°C for 4 hrs minimum, removed and cooled in open 
air in the extraction lab, placed in a 2.5 kg glass amber jug and left at room 
temperature. 

• Glass Wool - Silane Treated  (purchased from Supelco #2-0410 or equivalent). 
• Sulfuric Acid Solution - (1:1), slowly add 500 mL of H2SO4 (Baker, suitable for trace metal 

analysis #9673-33 or equivalent) to 500 mL of reagent water in a 1000 mL Teflon container.  
This mixture will get very warm.  Allow to cool before use. 

• Sodium Hydroxide Solution - (10N), Weigh 400 g NaOH (purchased in a plastic container 
from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker and cover with reagent 
water.  Swirl until all pellets are dissolved.  This mixture gets very hot.  Let stand until cool.  
Transfer to a 1-liter volumetric flask with several rinses of reagent water and dilute to 1 liter 
with reagent water.  Transfer to a 1000-mL Teflon container. 

• Extraction Solvent - Methylene Chloride (Please read S0P-336 before handling this solvent 
in our laboratory.) (Dichloromethane - Omnisolv - suitable for spectrophotometry and gas 
chromatography #DX0831-1 or equivalent) 

• Hexane - suitable for gas chromatography (Omnisolv HX0298-1 or equivalent) 
• The GC operator makes up all surrogates and spikes. Verify the amount of surrogate/spike to 

add to the sample prior to addition.  It can change if a different detection limit is required or 
the volume of sample being analyzed changes. 

TCMX/DCB (2, 4, 5, 6 - Tetrachloro-meta-xylene/Decachlorobiphenyl) - Surrogate 
solution is prepared in acetone by making a cut on stock purchased from a reputable vendor.  
The final concentration is 0.5 µg/mL.  Generally use 1.0 mL of this solution per 1000ml of 
aqueous sample. 

PCB Spiking Solution - The PCB of choice (1242, 1248, 1254, or 1016/1260 are the most 
common) is prepared in acetone at a concentration of 5.0 PPM.  PCB stock is usually 
purchased from RESTEK or equivalent.  The PCB to use may be determined by viewing 
historical data or asking the GC operator.  Generally use 0.2- 1.0 mL per 1000ml of aqueous 
sample. 

Pesticide Spiking Solution - A spiking solution is prepared at the appropriate 
concentration of 1 ppm.  Generally use 1 mL per 1000ml of aqueous sample.  For 608 
samples, 1 out of every 10 samples must be spiked. 
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• TCLP’s - When necessary to set up a TCLP, in addition to setting up the sample, two matrix 
spikes must be set up and should include the following: 1.0 mL is added per 100 mL volume.  
Each matrix type must have its own TCLP spike.   

TCLP Spike 1 - includes Chlordane at 10 µg/mL and Toxaphene at 10 µg/mL.  These 
spikes are made up individually and are also used as the LCS spike.  Add 1 mL of each to a 
100-mL aliquot.  

TCLP Spike 2 - includes Mix A and Mix B @ 100 to 1000 µg/L ppb (also used as the 
pesticide spiking solution).  These spikes are combined into one solution.  Add 1 mL per 100-
mL aliquot. 

 
VI. PROCEDURE 
 
 
1. All waters have a seven-day holding time counted from the hour they are sampled.  

Determine the samples necessary to extract as follows: 
 
Each day a backlog report will be provided indicating sample numbers with the 
respective analysis required.  Line through all the extractions that have been completed 
and plan to do the remaining analysis within the required holding time. 
 
Samples requiring RUSH turn around time may be logged in throughout the day that will 
require your immediate attention.  Login personnel will generally communicate this need.  
 
Check with login throughout the day and examine the COC (chain of custody) forms that 
arrive with each set of samples.   If an analysis is ongoing, extra QC may be avoided by 
picking up those extractions on the same day. 
 

2. Wearing lab coat, gloves and safety glasses, get samples from cooler.  Samples must be 
signed out of the walk-in refrigerator.  Enter the sample numbers, your initials and the 
date and time removed on the log provided. Inspect as to whether they are in glass amber 
jar and have a Teflon lid.  Find out if any special dilutions need to be made for this client. 
Routine procedures for difficult matrices are listed below:  

 
SLUDGE  - use only 100 mL and dilute to 1000 mL with reagent water.   
TCLP EXTRACT - use only 100 mL for the sample and dilute to 1000 mL with reagent 
water.  Two matrix spikes of 100 mLs (per client matrix).  Dilute to 1000 mL with 
reagent water.   
BAD MATRIX – for example a liquid that is partially sediment, see your supervisor to 
find out what dilution, if any, should be made.   

    NPDES client - Samples for method 608/608.2 are checked by login to make sure the pH 
of the sample is in the range of 5.0 and 9.0.  If the sample is not in this range, extraction 
personnel will be notified.  At that time, it is the responsibility of the extraction lab to 
adjust the pH of the sample to the appropriate range (pH of 5-9 using NaOH solution or 
H2SO4, as necessary) or to extract the sample within 72 hours of sampling.  If a pH 
adjustment is made, the details of the adjustment must be recorded on the sample chain of 
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custody and the outside of the sample bottle.  Set up one full list matrix spike for every 
ten samples. 

 
3. Mark the amber glass container of each sample at the water meniscus with "white out" for 

later determination of sample volume. Check the pH by inverting the sample and 
touching the wide range pH paper to the portion that remains on the lid.  Record this pH 
in the logbook 

 
4. Get out enough separatory funnels to extract the number of samples you have plus any 

additional spikes and a method blank.  A method blank and an LCS are to be processed 
with each set of samples. If the sample is a TCLP, a blank may be provided along with 
the extracted TCLP sample(s).  Use only 100 mL and dilute to 1000 mL with reagent 
water. A matrix spike and a duplicate or a matrix spike duplicate must be processed for 
each analytical batch (up to a maximum of 20 samples) except for TCLPs and 608 
samples as noted above. In the event that adequate sample is not provided to do an 
MS/MSD, an LCS duplicate should be done.   Rinse separatory funnels with methylene 
chloride. Place an Avery label on each separatory funnel containing the following 
information:  Lab #, Client name, Type of Analysis, Initial Volume - Final Volume, and 
the Lab Prep Batch Code.  The lab prep batch code is defined as MMDDYYP# where #:  
1 = 1st Method Blank for the day; 2 = 2nd Method Blank for the day; etc.  The Method 
Blank and LCS label should include all lab #s in this set of samples. 

 
5. Using the 500 mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1 liter of reagent water from the carboy and transfer it to a separatory funnel for 
the Method Blank and LCS.  Transfer sample to separatory funnel that corresponds to the 
lab # on the sample bottle.  Add 50 mL of Methylene Chloride to the empty bottle.   

 
6. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can change 

if a different detection limit is required or the volume of sample being analyzed changes. 
Set out the surrogate/spike at least ten minutes before use to allow it to warm to room 
temperature.  

 
Using the 1.0-mL glass syringe marked TCMX/DCB surrogate, add 1.0 mL of 
TCMX/DCB surrogate to each sample, blank and spike. A second analyst 
must verify that the surrogate and spike has been added. Enter the ID# of 
the standard, amount, and the initials of the analysts in the extraction 
logbook. 

 
7. Determine if the sample will require a Pesticide Spike or a PCB Spike or both.  Proceed 

as follows: 
 

Pesticide and PCB - set up two LCS’s  – one for Pesticide getting a MIX A&B spike and 
one for PCB, which should be spiked with PCB 1016/1260.  In addition to the LCS’s, a 
matrix sample spike and duplicate is spiked for pesticides and PCBs. 
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Pesticide only – To the sample in each analytical batch selected for spiking, add 1.0mL of 
Pesticide Spike (Mix A&B) with a glass syringe dedicated for Pesticide Spike.  
   
PCB only - To the sample in each analytical batch selected for spiking, add 
1.0 mL of PCB 1016/1260 or 1248 (project specific) unless otherwise specified 
using a 1.0-mL glass syringe dedicated to that PCB. 
 
NOTE:  Due to limited volume received, usually it is necessary to use 1/2  liter to do a 
spike so that a spike duplicate can be extracted also.  If only one liter is provided for 
spiking purposes, use a 500-mL glass cylinder to measure out half the sample.  Transfer 
to a separatory funnel labeled for the Spike.  Measure the remaining sample and transfer 
to a separatory funnel labeled Spike Duplicate.  Add 1/2 the normal amount of spiking 
solution and 1/2 the normal amount of surrogate. 
 
Enter the ID# of the surrogate and spike used and the initials of the person that verified 
their addition to the sample in the extraction logbook. 

 
8. If necessary, adjust the pH to between 5.0 and 9.0 using NaOH solution or H2SO4. If a 

pH adjustment is made, the details of the adjustment must be recorded in the extraction 
logbook.  

 
 
9. Swirl the 50-mL of methylene chloride that you added to the empty sample bottle and 

transfer to the corresponding separatory funnel.  In addition, add 50 mLs of methylene 
chloride to the method blank, LCS, and spikes. 

 
10. Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting to 

release excess pressure.  Alternatively, teflon separatory funnels may be placed in the 
shaker apparatus with the stopcock slightly open.  When this apparatus is used, the shake 
should be for 3 minutes. 

 
NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial 
venting should be done immediately after the separatory funnel has been sealed and 
shaken once. 

 
11. Allow the sample to set for 10 minutes, if needed, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 
(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe to 
be 50 mL into a 250 mL centrifuge bottle.  If the layers are clearly separated, drain the 
solvent layer into a 400-mL glass beaker. 

 
12. Following Steps 10 and 11, extract two more times with 40 mLs of methylene chloride.  

Combine the three solvent extracts into the same 400-mL beaker. 
 
13. In the logbook marked Pest/PCB extractions, enter the Client name, the Lab #, the date 

extracted, and anything unusual that may have occurred with this sample. 
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14.   Dry the sample by either of the following methods: 

14.1 Get a ring stand with a double burette clamp attached to it.  Cover the burette 
clamp ends with aluminum foil to prevent the possibility of solvent touching the 
plastic coated ends and dripping into the extract.  Place a drying column into the 
burette clamp and transfer a small amount of glass wool to the top of it.  Tamp it 
to the bottom with a glass rod so that it adequately covers the hole at the bottom.  
Add approximately 10 cm of Sodium Sulfate to the column.  Rinse with of 
methylene chloride 20-30 mL and discard this rinse.  

 
14.2   Set up a ring stand with funnels.  Place a small amount of  

glass wool in the bottom of it.  Add ~2” sodium sulfate to the column and rinse 
with 20-30 mL methylene chloride.  Discard this rinse. 

 
15. If the extract was drained into a centrifuge bottle, at this point you will need to take it to 

the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the orange 
holders are available for the 250-mL centrifuge bottles.  The sample must always be 
balanced.  If necessary, use a dummy bottle with similar weight using reagent water.  Set 
the rpm at 2500 and the temperature at 25°C.  Close the lid and be sure to press it down 
until you hear it lock.  Move the lever at the front of the lid to the "LOCK" position.  
Turn the time to approximately 15 minutes and bring it back to 10 minutes.  As the rotor 
begins to move, you will be able to see the rpm's in the digital readout.  Stay with the 
centrifuge until it has come up to the rpm's set to insure that it does not become 
unbalanced.  This looks like 8888 on the digital readout.  Should this occur, refer to the 
manual.  When the cycle is complete, the digital readout will read 0000.  Push the 
"OPEN" button and the lid will pop up.  Move the lever at the front of the lid to the 
"UNLOCK" position.  Open lid and remove sample.  The sample will usually be in two 
layers with the extract on the bottom. 

 
16. Remove any water layer from the extract in the beaker or centrifuge bottle, by one of two 

methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, on top, 
and not the solvent.  Discard this layer.  Use the smallest amount possible of Na2SO4 by 
sprinkling the top layer with Na2SO4 until it hardens, separates, and drops to the bottom. 

 
17. TURBO-VAP CONCENTRATION  
  

17.1. Rinse a Turbo-Vap tube and arrange it underneath a rinsed, packed 
drying column/funnel.  Pour the extract through the column so that it will 
collect in the tube.  Rinse the 400-mL beaker twice with 10 mL of 
methylene chloride.  Rinse the column with 10 to 15 mL of methylene 
chloride.  For solvent exchange purposes add 50 mL of hexane to each 
tube.  Total volume in the glass evaporator tube should not exceed 200 
mLs to avoid splattering on the lid of the Turbo-Vap.  While waiting for 
the drying column/funnel to quit dripping, record the numbers of the 
Turbo-Vap tube in the Pesticide/PCB logbook and remove the tube to a 
metal holder.   
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17.2 Turbo-Vap Operation:  Adjust pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  Temperature 
of the bath should be at 40°C -50°C.  To help prevent cross 
contamination, cover the turbovap tube with aluminum foil and punch a 
small hole in the top. 

 
17.3 Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube 

down so the tip slides into the sensor well.  Close the lid to start 
concentration.  Check that each position with a tube has an orange light 
showing.  If the orange light is not steady, bubbles may be in the sensor 
and need removal.    (See Turbo-Vap manual). 

 
17.4 When the Pesticide and/or PCB samples concentrate to approximately 

one mL, remove the tube from the Zymark.   
 

NOTE: For PCBs Only* Some wastewater samples will form a gel like 
substance when the hexane is concentrated.  Proceed with these samples 
as follows:  Add just enough methylene chloride to make the gel go back 
into solution.  Acid clean the extract and reconcentrate.  Exchange with 
hexane again.  If gel forms again, add enough methylene chloride to get 
gel back into solution.  Transfer to a suitable container and record the 
final volume on the label and the extraction logbook. Note the percentage 
of methylene chloride in sample also. 

 
17.5 When the beep sounds indicating the end of concentration, the extract 

will be at approximately one – one half mL (half way up tip of tube).  
Remove the tube from the bath.  Hold the tube and the sample vial in one 
hand at about a 45° angle.  Use a 9" Pasteur pipette to draw up the 
sample and transfer it to the 4.0-mL vial.  Spilling a drop or two during 
the transfer is critical because one drop represents 5% of the sample. 

 
17.6 Add 1 ml of hexane to the turbovap tube.  Draw into the pipette and rinse 

down the conical portion of the tube several times.  Transfer this rinse to 
the 4.0-mL vial.  Rinse again with 1 ml of hexane and transfer to the 
sample vial. Adjust the volume to 4.0 ml with hexane.  Cover the extract 
with a Teflon-sealed screw cap and transfer the label to the vial.   

 
 
 
18. The extract obtained above may now be analyzed.  Refrigerate to 4°C. Samples must be 

signed into the Hobart refrigerator.  On log provided, enter the sample numbers, analyst 
initials, and the date and time the samples were placed into the Hobart. 

 
 
NOTES:  
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If the final extract is yellow or dark in color or the matrix is oily and viscous, further cleanup may 
be desired.  Refer to the Florisil Cartridge Cleanup Method, the Copper Cleanup Method, and/or 
the Acid Cleanup Method for further information.  (SOP-309, 307, and/or 308) 
 
Pesticides that have aldrin detected in them may be cleaned using the SW-846 method 3630 
(Silica Gel Cleanup).  The GC Lab would notify extraction personnel if this cleanup is necessary.  
 
VII.      DOCUMENTATION OF CAPABILITY (DOC) 
            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 
 
VIII.     WASTE MANAGEMENT AND POLLUTION PREVENTION 

 
  Please see Waste Disposal SOP-405 for the proper disposal of waste generated from 

this area. 
 
                Quantity of chemicals purchased should be based on expected usage during its shelf 

life and the disposal cost of unused material. Actual reagent preparation volumes 
should reflect anticipated usage and reagent stability. 

 
IX.       METHOD PERFORMANCE 
 
                  Refer to SOP-211 for method performance. 
                   
X.        HEALTH AND SAFETY 

Refer to the MSDS sheets for the chemicals used for health and safety information.     
Also see SOP-336 for proper use of methylene chloride. 

 
REFERENCES 

 
1. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 
2. 40 CFR, Method 608. 

 
 

 
 
 
 
 
 
 

DEFINITIONS 
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°C -        degrees centigrade 
COC -    chain of custody 
DL -       detection limit 
g -          grams 
KD -       kuderna danish 
LCS -      laboratory control sample 
μg/L -     micrograms per liter 
µL -        microliter 
μg/ml -    micrograms per milliliter 
ml -         milliliter 
mm -       millimeter 
MS -       matrix spike 
MSD -    matrix spike duplicate 
PCBs -    polychlorinated biphenyls 
Pest -      pesticides 
RL -        reporting limit 
SOP -     standard operating procedure 
TCMX - tetrachloro-m-xylene 
v/v -        volume to volume 
 
Refer to SOP-431  for further definitions 
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BNA & Pesticide/PCB & TPH NON-AQUEOUS MATRIX 
(Microwave Extraction) 

Using SW846 METHOD 3546 

1. SCOPE AND APPLICATION 
a. 	This SOP describes the extraction of BNAs, pesticides/PCBs, and TPHs from 

soil, sediment, sludges and waste solids by an automated method (3546). 

2. SUMMARY 
a. Soil and solid samples are mixed with sodium sulfate and extracted with 

solvent in a Microwave extractor for BNAs, Pesticides/PCBs, or TPHs. The 
extracts are then concentrated by a Turbo Vap concentrator. 

3. INTERFERENCES 
a. Solvents, reagents, glassware, and other sample processing apparatus can add 

interferences to sample analysis. Method blanks must be extracted under the 
same conditions as samples to demonstrate freedom from interferences. 

b. Phthalate esters commonly found in plastics can interfere with the analysis. 
Plastics should be avoided. 

c. Soap residue can degrade certain analytes such as aldrin and heptachlor. 
Glassware should be solvent rinsed to avoid this problem. 

APPARATUS AND MATERIALS 
d. Stainless Steel spatula 
e. Microwave extractor unit with 40 position carousel, electronic components, 

and ample ventilation 
f. Microwave extraction Teflon tubes, capacity approximately 75mL 
g. Suitable Teflon cap and screw-top lid 
h. Drying column (Chromatographic column) — 20mm I.D. x 300mm 
i. Vial — 2mL clear with Teflon-lined screw cap 
j. Vial — 12mL clear with Teflon-lined screw cap 
k. Syringe — lmL, 500uL 
1. 	Pasteur pipet — 9" length 
m. Pasteur pipet bulb 
n. Labels — Dymo 
o. Aluminum foil — heavy duty 
p. Nitrogen tank — equipped with pressure regulator 
q. TurboVap Concentrator with 200mL concentrator tubes 
r. Teflon funnels for pouring off 
s. Balance — capable of weighing to 0.lgrams 
t. Aluminum pie pans for mixing samples 
u. Filter paper — I 85mm 



Empirical Laboratories, LLC 
SOP 343 

Revision: 0 
Date: 08/01/09 

Page I 3 

4. REAGENTS 
a. Sodium Sulfate (Na2SO4) — Granular, anhydrous, trace pure 10-60 mesh 

(purchased in bulk containers from Fisher #S415-10S or equivalent) 
b. Methylene Chloride (Please read SOP — 336 before handling this solvent in 

our laboratory) (Dichloromethane) — suitable for spectrophotometry and gas 
chromatography (Fisher #D151-4 or equivalent) 

c. Hexane — suitable for spectrophotmetry and gas chromatography (Fisher 
#H303-4) 

d. Surrogate/Spike Solutions — Verify the amount of surrogate/spike to add to the 
sample prior to addition. It can change if a different detection limit is required 
or the volume of sample being analyzed changes or if the initial concentration 
of stock is different than that listed below: 

i. BNA Surrogate (100tig/mL) — The base neutral and acid surrogates 
are mixed together in one solution. This solution is prepared in 
methanol by making a dilution of stock purchased from a reputable 
vendor. Use 0.5mL of this solution per 15g of non-aqueous sample. 
(For low-level PAHs use 1.0mL of 1.0ug/mL BN Surrogate spiking 
solution.) 

ii. BNA Spiking Solution #1 & #2 (100 ug/mL) — The base neutral and 
acid spiking solutions are mixed together in one solution. This 
solution is prepared in methanol by making a dilution of stock 
purchased from a reputable vendor with same compounds as for 
calibration. Use 0.5 mL of this solution per 15g of non-aqueous 
sample. (For low-level PAIls use 1.0mL of 1.0 ug/mL PAH spiking 
solution.) The BNA Spiking solutions contain all targets that are 
calibrated for GC/MS. DOD QSM requires all targets to be 
spiked in the LCS and MS/MSD. 

iii. TCMX/DCB 	 (2,4,5,6-Tetrachloro-meta- 
xylene/Decachlorobiphenyl) Surrogate solution is prepared in 
acetone by making a cut on stock purchased from a reputable vendor. 
0.5mL at 0.5 ug/mL of this solution is added per 15g of non-aqueous 
sample. 

iv. PCB Spiking Solution — Arochlor 1016/1260 or the PCB of choice 
(1242, 1248, 1254, or 1260 are the most common) is prepared in 
acetone at a concentration of 5.0ug/mL. PCB stock is usually 
purchased from RESTEK or equivalent. The PCB to use may be 
determined by viewing historical data or asking the GC operator. Use 
0.5mL per 15.0g of non-aqueous sample. 

v. Pesticide Spiking Solution — A spiking solution is prepared at 1.0 
ug/mL. Use 0.5mL per 15g of non-aqueous sample. 

vi. TPH Surrogate — Surrogate solution is prepared in acetone by 
diluting stock ortho-terphenyl standard to a final concentration of 20 
ug/mL. Use ImL per 15 grams of sample. 

vii. TPH Spike — A spiking solution is prepared by extractions analyst that 
has a concentration of 1000 ug/mL in acetone. 
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5. SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 
a. Samples are collected in an appropriate size wide-mouth glass jar (4oz. or 8 

oz.) with a Teflon-lined cap. 
b. Samples are preserved by cooling to 4°C. 
c. Holding time is 14 days from collection date to extraction. 

6. PROCEDURE 
a. All soils have a 14-day holding time counted from the day they are sampled. 

Determine the samples necessary to extract using the following information 
(DO NOT extract samples for which you have no information.): 

i. Each day a backlog is generated in ELEMENT providing all relevant 
sample information, including samples numbers and respective 
analysis required. 

ii. Samples requiring RUSH turn around time may be logged in 
throughout the day which will require your immediate attention. Log-
in personnel will generally communicate this need. 

iii. Check the backlog throughout the day to re-evaluate priority if needed. 
b. Wearing lab coat, gloves, and safety glasses, get samples from cooler. 

Samples must be signed out of the walk-in refrigerator. Enter the sample 
numbers, your initials, and the date and time removed on the log provided. 
Inspect as to whether they are in glass and have a Teflon lid. Find out if any 
special dilutions need to be made for this client. If the sample has a 
particularly bad matrix or a strange matrix, see your supervisor to find out if a 
microwave extraction is truly necessary. 

c. Get twice the number of aluminum pie pans to prepare the number of samples 
you have plus any additional spikes of LCSs and a method blank. A method 
blank and LCS must be processed with each set of samples. A matrix spike, a 
duplicate or a matrix spike duplicate and a LCS must be processed for each 
analytical batch (up to a maximum of 20 samples). Using the LIMS, create a 
batch of samples and print off sample labels. The LIMS will create a unique 
batch sequence number. 

d. Decant and discard any water layer on a sediment sample by carefully pouring 
this off into a trashcan. 

e. Dump the entire sample into an aluminum pie pan and mix sample thoroughly 
with a spatula until mixture is homogenous. Discard any foreign objects such 
as sticks, leaves, and rocks. 

It is extremely important that waste (when appropriate), soil and sediment samples be 
mixed thoroughly to ensure that the sample is as representative as possible of the sample 
media. The most common method of mixing is referred to as quartering. The quartering 
process should be performed as follows: 
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• The material in the sample pan (inorganic-plastic/organic-
aluminum) should be divided into quarters and each quarter 
should be mixed individually. 

• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

This procedure should be repeated several times until the sample is adequately mixed. 

NOTE: Samples that are clay type materials should be handled in a different 
manner. Due to these type sample matrices having an affinity to stick to most 
anything that touches it, another approach must be followed. Obtain a 
representative sub-sample aliquot from the center or middle section of the sample 
container 

f. Place an aluminum pie pan on the balance and zero it. Calibrate balance with 
ASTM class-I Troemner weights or equivalent, bracketing desired weight 
(50g, 20g, 10g, 5g, 1g). 	Record calibration in the Extraction 
calibration/temperature logbook. Using a spatula, transfer the appropriate 
weight, 110-20 grams depending upon client or project specific Detection 
Limits (DL) and/or Reporting Limits (RL)}, of a representative sample to 
the nearest 0.1 gram. Noinially 10 or 15g sample weights are used. Record 
this amount on your label. Put your label on the side of the 400-mL beaker. 
For spiking purposes, weigh 3 aliquots of the appropriate sample. Pick a 
sample with a good matrix, one that mixes well, non-oily, etc. 

g. Add — 15 grams of sodium sulfate to the aluminum pie pan. Using a spatula 
and/or a glass rod, mix the sample thoroughly with the sodium sulfate until it 
becomes a sandy texture. If necessary, add additional sodium sulfate. When 
removing the spatula or glass rod from the mixed sample, leave behind all the 
sample possible. Cover the aluminum pie pan with foil and continue to 
weigh up the remaining samples. For the method blank and LCS, weigh up 15 
grams of sodium sulfate. The matrix used for the method blank and LCS must 
be free of the analytes of interest and processed through the same analytical 
steps as the samples. 

h. Verify the amount of surrogate/spike to add to the sample prior to addition. It 
can change if a different detection limit is required or the volume of sample 
being analyzed changes. Set out the surrogate/spike at least ten minutes before 
use to allow it to warm to room temperature. Someone must verify that the 
surrogate/spike has been added by watching and signing off on bench sheet. 

NOTE: Surrogate and spike should be added just prior to extraction. 
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i. Using the 1-mL glass syringe designated for BNA surrogate, add 0.5 mL of 
BNA surrogate to each sample, spike, and blank. (For low level PAHs use 
1.0 ml of the 1.0 pg/mL BN Surrogate spiking solution.) or using the 1.0-
mL glass syringe marked TCMX/DCB surrogate, add 0.5 mL of TCMX/DCB 
surrogate to each sample, blank and spike. TPH samples will need 1.0 mL of 
appropriate. 

For the BNA sample in each analytical batch selected for spiking, use the 0.5-
mL glass syringe marked Base Neutral Acid Spiking to add 0.5 mL of the 
Base Neutral Acid Spiking solution. (For low level PAHs use 1.0 ml of the 
1.0µg/mL PAH spiking solution.) 
For Pest/PCB samples, determine if the sample will require a Pesticide Spike 
and/or a PCB Spike. Proceed as follows: 
Pesticide and PCB - set up two LCS's — one for Pesticide getting an AB 
MIX spike and one for PCB, which should be spiked with PCB 1660. In 
addition to the LCSs, a matrix spike/matrix spike duplicate is necessary for 
the pesticide. Prepare a PCB matrix spike/ matrix spike duplicate if requested 
by the client. 
Pesticide only — To the sample in each analytical batch selected for spiking, 
add 0.5 mL of Pesticide Spike (Mix A&B) with a glass syringe dedicated for 
Pesticide Spike. 
PCB only - To the sample in each analytical batch selected for spiking, add 
0.5 mL of PCB 1016/1260 (unless otherwise specified, 1248 for BB&L) using 
a 1.0 mL glass syringe dedicated to that PCB. Add 20 grams of Na2SO4. 

j. Place a Teflon cap and Teflon screw top on the Teflon microwave tube. 
Using the cap tightener station, tighten the caps and invert sample to insure 
proper mixing and check for leaks in cap. 

k. Place microwave tubes in microwave carousel making sure they are in order 
and spaced evenly throughout the carousel to insure proper heating while in 
microwave. 

1. Place microwave carousel in microwave making sure the carousel is properly 
lined up with the turning mechanism. 

m. Choose saved program option based on total number of samples to extract and 
begin process by pressing the start button. The program is set to EPA method 
3546 specifications. 

For 1-15 samples: 
Max power: 800W 100% 
Ramp time: 15:00 
Control temperature (in Celsius): 110 
Hold time: 10:00 
Cool down: 5:00 
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For 16-40 samples: 
Max power: 1600W 100% 
Ramp time: 15:00 
Control temperature (in Celsius): 110 
Hold time: 10:00 
Cool down: 5:00 

n. Allow samples to cool in the carousel for an additional 30 minutes before 
attempting to handle the extracts. 

o. Transfer the extract to a pre-rinsed turbo yap tube by first passing through a 
funnel with P4filter paper sodium sulfate. All tubes and funnels should be 
pre-rinsed with Methylene Chloride. After pouring the extract into the turbo, 
rinse the microwave tube 3 times with Methylene Chloride and transfer the 
rinsate to the turbo. Finally, rinse the funnel with an adequate amount of 
Methylene Chloride using a Teflon squirt bottle. This ensures optimum 
transfer of all compounds of interest. 

p. Now concentrate the extract to 1.0mL using the turbovap concentrator. 
i. Turbo-Yap Operation: Adjust the pressure of nitrogen gas tank to 

50 psi. Make sure the tank has 200 psi or more on the main valve. 
The temperature of the bath should be approximately 50-55°C. The 
pressure target range should be about 20-25 psi. 

ii. Place the turbo yap tube in the Turbo-Vap. Be sure to push tube down 
so the tip slides into the sensor well. 	Close the lid to start 
concentration. Check that each position with a tube has an orange 
light showing. If the orange light is not steady, bubbles may be 
detected by the sensor and need removal. (See Turbo-Vap manual). 

iii. When the beep sounds indicating the end of concentration, the extract 
will be at approximately 1 mL. Remove the tube from the bath. 

q. BNA and TPH samples need to be concentrated to —1.0mL while Pesticides 
and PCB should be concentrated to —5.0mL in turbo vap. Using clean solvent, 
rinse turbo with Pasteur pipet and bring sample to volume in sample vial. 

7. DOCUMENTATION OF CAPABILITY (DOC) 
a. Each analyst must perform a DOC to demonstrate proficiency with this 

method. Refer to SOP-413 for guidance. 

8. WASTE MANAGEMENT AND POLLUTION PREVENTION 
a. Please see Waste Disposal SOP-405 for the proper disposal of waste 

generated from this area. 
b. Quantity of chemicals purchased should be based on expected usage during its 

shelf-life and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 
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9. METHOD PERFORMANCE 
a. Refer to SOP-201 SOP-211 and SOP-219 for method performance. 

10. REFERENCES 
a. EPA Methods SW-846, Method 3546 

1. DEFINITIONS 
a. Refer to SOP-431 for definitions. 

12. HEALTH AND SAFETY 
a. Wear appropriate personal protection equipment when working with 

chemicals or samples. 
b. Use the lab hoods when working with solvents. 
c. Use caution when mixing strong acids or bases. Solutions will become 

extremely hot when mixing with water. Avoid splashing these solutions so 
they won't come in contact with the skin or eyes. If this happens, flush with 
lots of water. Contact your supervisor if serious and medical attention is 
needed. 
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LABORATORY SAMPLE RECEIVING, LOG IN AND STORAGE 

This SOP lists in as much detail as possible our daily procedures for sample receiving, log in and 
storage of laboratory samples. Keep in mind that there may be project specific requirements that are 
more strict or different than our routine procedures. In these instances, the project specific 
requirements must be met and followed. Although a few project specific requirements are detailed in 
this SOP, i.e. USACE certification issues, not every situation can be addressed. If there is ever any 
uncertainty on what procedures must be followed, please see the Testing Coordinator immediately. If 
ever in doubt, always go with the more stringent requirements. This document will constantly be 
reviewed and revised as necessary. 

SAMPLE ACCEPTANCE CRITERIA 

A sample may be rejected for compliance purposes if it does not meet the following criteria. 
Analyses may only proceed after notification and approval to proceed from the client or from the 
laboratory manager. 

1. Sample must be properly preserved and in the proper container for the requested analysis. 
2. Sample integrity must be maintained. The container shall be intact without cracks, leaks, or 

broken seals. 
3. Adequate sample volume must be received for the requested analysis, including volume for any 

requested QA/QC (MS/MSD). 
4. The sample ID on the bottle label must match the sample ID listed on the chain of custody. 
5. The sample container label and the chain of custody must be completed with indelible ink. The 

sample label must be intact and list all necessary infoimation; to include: sample date, sample 
time, sampler, and sample ID/location. The chain of custody shall also indicate sample date and 
time, requested analyses, and all necessary client information. 

6. Sample temperature must be less than 6°C or received on ice. 
7. Sample must be within holding time for the requested analysis. 

These issues are discussed in more detail below under the "Sample Receiving" section of this 
document. 

I. Sample Receiving 

A. Samples are received at the Empirical Laboratories on 621 Mainstream Drive, Suite 270 
Nashville, TN 37228. 

1. The majority of samples are shipped in coolers by couriers such as Federal Express and 
UPS. All couriers are generally received in the Empirical Laboratories Sample 
Receiving (SR) area loading dock in back of the laboratory. The laboratory is located 
close to the Federal Express (FedEx) distribution station, therefore we do pick up our 
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coolers at the FedEx location and transport them back directly to the laboratory. Some 
coolers and/or samples are delivered directly to the SR area by the sampler and/or client. 

2. Some coolers and/or samples may be received directly by Empirical Laboratories 
Sample Receiving personnel. If samples are hand delivered by the client make sure that 
necessary paperwork is included and that you sign and date the chain of custody, as well 
as record the temperature of the samples on the chain of custody as well. If the 
Empirical Laboratories Chain of Custody [Attachment 11] is used the white and yellow 
copy of the chain of custody is retained and the pink copy must be given to the client. 

B. When going through the required steps for Sample Receiving and Sample Log In, keep in 
mind that a Corrective Action Report (CAR) for Sample Receiving [Attachment III] must be 
completed to document any problems, discrepancies, project changes, etc. encountered during 
the process. This includes but is not limited to incorrect sample containers, improper 
preservatives [chemical and temperature], chain of custody discrepancies, sample 
descriptions, etc. A CAR may be completed just to keep a record of a situation, which is not 
actually "out of compliance." 

. Make sure that all information on the CAR is stated clearly and very detailed. Many times 
it is necessary to refer to these documents a year or more after they were completed. 
Document all correspondence including name, date, company and response. 

2. 	The CAR foil 	is must be numbered starting with No. 001 at the beginning of the year (e.g. 
01-001). No two forms should have the same number. All CARs must be forwarded to 
the Project Manager and/or receiving manager for approval and distribution. THIS MUST 
BE DONE ASAP OF WHEN THE PROBLEM/SITUATION IS DISCOVERED. 

C. Visually inspect all coolers for tampering, custody seals present and intact (if applicable) 
leakage, etc. If a cooler has been damaged beyond repair, unpack the samples and discard the 
cooler as to not reuse it. If you suspect a cooler may be damaged or is extremely dirty this 
cooler must not be reused. If coolers were sent by Federal Express, examine the Federal 
Express airbills for the number of packages in the shipment and make sure that all the 
packages (coolers, boxes etc.) in a group have been received. If there are any problems the 
Project Manager must be contacted immediately. If anything looks unusual, take the time to 
check it out and document the situation and findings. 

D. Open each cooler in order to quickly inspect the contents and to locate the chain of custody. 
Sample Receiving personnel should wear the following personal protection equipment: 
gloves, safety glasses and a laboratory coat. All coolers received from projects with the US 
Army Corps of Engineering (USACE) and AFCEE projects should be opened under the 
hood in the sample storage room. Sign then list the date and time received on the chain of 
custody. The time received must reflect the actual time the samples were received even 
though they may be logged into the system at a later time. Samples received on Saturday may 
be processed on the following Monday morning, or samples received late in the day during 
the week may be processed the next morning. All cooler(s) must be opened, examined for 
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leakage, breakage etc., the temperature measured and the chain of custody signed and dated to 
reflect the actual date and time which they were received. The samples must be delivered to 
the appropriate analytical department or put in cold storage as soon as possible. 

1. Attach any shipping receipts, work orders, etc. to the chain of custody. 

2. If a chain of custody or other paperwork is not sent, the client must be contacted and the 
samples temporarily placed on hold in cold storage. In some instances the log-in person 
may complete a chain of custody. The required information may be found on the sample 
containers or it may be necessary to call the client to get the missing information (i.e. 
sample ID, collection date and time, etc.). Note on the chain of custody that it was 
completed by laboratory personnel and record the name of the person with whom you 
spoke. All attempts to encourage our customers to complete a chain of custody or submit 
written information for samples must be made. 

3. Project specific paperwork may be required. For all projects, a Cooler Receipt Form 
'Attachment IV] must be completed for each cooler received. Sample receiving personnel 
must begin completing this form as soon as a cooler is received and complete this form as 
samples go through the log in process. 

E. The temperature of each cooler or set of samples must be measured as quickly as possible 
using a they 	inometer with 0.1°C increments. This thermometer must be calibrated against a 
NIST certified thermometer once a year and this information recorded in a bound notebook. 
The Certificate of Calibration for the NIST thermometer is kept on file at the QAO's desk. 
The thermometer must be tagged with the unique identification number of SR#1 and serial #; 
(Sample Receiving #1), the date calibrated and the correction factor. This information must 
also be recorded in a bound notebook. Only this thermometer can be used for recording the 
temperature of sample coolers upon receipt. 

To measure the temperature, open the temperature control blank if supplied, point the TR 
thermometer at the liquid surface, wait 30 seconds for temperature to stabilize. Read the 
temperature to the nearest 0.1 °C. The corrected value temperature must also be recorded 
on the chain of custody. (This value will also be recorded into the LIMS at a later point.). 
All regulatory compliance samples received from North Carolina that do not meet the 
temperature requirement will be segregated and the client will be notified of the non-
compliance. The samples will not be analyzed until we receive client notification to 
proceed with analyses. 

2. 	If the temperature exceeds 6°C for any sample, the Project Manager or Sample Receiving 
personnel must contact the client immediately. There may be tighter temperature control 
limits for specific project requirements. The customer must make the decision to either 
continue with the analyses or resample. Make sure the client is aware that if the samples 
are analyzed, the following qualifier is normally included on the final report: "The 
shipping cooler temperature exceeded 6°C upon receipt to Empirical Laboratories. This 
may have an impact on the analytical results. The concentration may be considered as 
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estimated." Not all samples for the project will be flagged, just those samples received 
above 6°C. 

Many times we are not able to get in touch with the client quickly and the best judgment 
on how to handle the samples must be made after discussion with the Testing Coordinator 
and/or Laboratory Director or Technical Director. The samples may still need to go 
through the log in process although it may be eventually determined that the samples will 
not be analyzed or the samples may temporarily be placed on hold and not logged in. 
Above all do not allow the samples to set out at room temperature for an extended period 
of time while waiting for a decision. A CAR outlining the problem and all 
correspondence must be completed. 

The only exceptions to the 6°C rule are: 

a. Water samples for all Metals, (except Chrome 6+ and mercury) that have been 
preserved with HNO3 to a pH of < 2. Keep in mind that non-aqueous sample for 
Metals must be cooled. 

b. Samples for Fluoride, Chloride and Bromide. 

c. Waste/Product samples for all parameters. 

d. Samples generated in the Aquatic Toxicology laboratories and brought directly to 
Sample Receiving after they are collected. Sample receiving personnel should 
place these in cold storage as soon as possible. 

e. Samples collected locally by Empirical Laboratories personnel or local customers 
that hand deliver their samples. In some instances these samples may not have had 
time to cool down; however, these samples should have been placed on ice in an 
attempt to cool them to the proper temperature. This exception is only applicable 
if the samples were collected the same day as the laboratory receives them. It 
should be noted if samples are "Received On Ice" (ROI). 

Samples that are received on ice and it is evident that the client made a good faith 
attempt to properly cool the samples. 

F. If several coolers are received at once, they must be inspected to determine the order in which 
the samples should be unpacked and logged in. The following priorities should be given: 

1. Any analyses, which have a 24-72 hour holding, time. It is the log-in person's 
responsibility to notify the department manager or section group leader of such samples 
via e-mail and verbally. 
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2. Any sample which has almost exceeded its' holding time. (Especially watch for this with 
waters organic extractions, Solids and Sulfides, all of which have only 7 days). A list of 
parameters and holding times is posted in the log-in room. 

a. If a sample is received already out of holding time, the project manager must be 
contacted. The sample can be analyzed at the client's request, but it will be qualified 
on the final report as being analyzed out of holding time. The project manager must 
inform you of the client's need. 

b. If a sample is received with limited holding time remaining for any parameter it may 
be necessary to contact the project manager so that he/she can contact the client. If the 
sample has to be analyzed on a rush basis to meet the holding time a rush charge may 
apply. Also it may not be possible to analyze the sample within the holding time due 
to sample load, etc. A CAR must be completed. 

3. Samples requiring rush turnaround. 

a. If sample(s) require 24-hour turnaround they will take first priority. Other rush 
requests also have high priority. 

b. The Project Manager and/or Section Manager must be contacted for approval 
concerning any unscheduled rush requests. 

G. Unpack all samples from the cooler. If there are any known or suspected hazards this must be 
done under a hood. All coolers from USACE projects should be unpacked under a hood. It 
may be necessary to rinse off the outside of the containers in the sink and/or wipe them off 
with a paper towel. 

Visually inspect them for tampering and custody seals (if applicable). Sort and inventory 
the samples against the chain of custody by arranging them in the same order as they are 
listed on the chain of custody. Normally samples are assigned log numbers in the same 
order as they are listed on the chain of custody but for certain projects or situations it is 
acceptable to arrange them in a manner which will make them easiest to log in. 

2. 	Check for leakage as this could compromise the sample integrity. If any spillage occurred 
in the cooler make sure this is noted. Also list all the other samples in the cooler as cross 
contamination could occur. A CAR must be completed and the Project Manager and/or 
the customer may need to be notified in these situations. It may be necessary to resample. 

H. Check the chain of custody information against the information recorded on the containers. If 
these do not agree, contact appropriate person (s) - Project Manager, sampler, client, etc. All 
problems must be documented with a CAR. 
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If major changes are made on the chain of custody received from an engineering job, then 
the PE should submit written confirmation of these changes or make the corrections and 
initial them directly on the chain of custody. 

2. Any error found on the chain of custody must be marked through with one line, initialed 
and dated and the correction written in. 

I. Note any unusual requests, methodology, hazards (known or suspected) to the Project 
Manager and/or Laboratory Section Manager or analysts before the samples are actually 
logged in. Keep notes of any problems (improper containers, preservatives, temperature, or 
descriptions, etc.) A CAR must be completed and the analyst or manager should be notified 
immediately. If ever in doubt, fill one out? 

IL Sample Log In 

A. After samples have been unpacked, sorted and reviewed, they are then ready to be assigned 
log numbers and continue through the log in process. Make sure that the parameters for the 
samples are clearly marked on the chain of custody. If we prepared the sample kits there 
should be a sample kit work order form. Contact the Project Manager if there are any 
questions, problems, etc. 

B. Assign a work-order and sample number to each individual sample and record it on each 
sample container and the chain of custody. 

All containers with the same description must have the same sample number even if they 
have different preservatives and require different tests. However, each different fraction 
(bottle type and/or preservative) should be designated with a letter (A, B, C, etc.) 

2. Grab and composite samples from the same sample location must be considered as 
separate samples. It may be necessary to use "grab" or "composite" as part of the sample 
description to distinguish between the samples. Only assign different log numbers to 
them if the parameters are clearly marked as grab and as composite. Do not assume that 
VOC must be analyzed from grab samples so therefore the client must have taken a grab 
sample. 

3. Sample numbers must begin with 001 at the beginning of each year (e.g. 0101001). 

C. Check the following items and record this information on the cooler receipt form to further 
ensure sample integrity. A CAR must be completed if any of the following requirements are 
not met and it may be necessary to contact the client. We can perform the analyses in most 
cases and will do so with the client's approval, however the results may be qualified in some 
manner on the final report. 
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Preserving sample integrity throughout the log in procedure must be one of our section's top 
priorities. This includes not only ensuring that the proper chemical preservatives have been 
added but also that the samples are received and maintained at the proper temperature. When 
samples are unpacked they must be placed in cold storage within two hours even if they 
have not been through the entire log in procedure. All samples for NPDES compliance 
monitoring from North Carolina will be stored at a temperature range of 1.0 to 4.4°C. All 
other NPDES samples will be stored at 4.0 ± 2.0°C. On the days we receive a large volume 
of samples, or are short handed, etc., we may not be able to completely log in all samples until 
late in the day or even the next day. Samples should not set out at room temperature if there 
is a delay. The samples must temporarily be placed in cold storage until you are able to 
complete the log in procedure. This should also be done when we take lunch breaks. 

[Make sure the VOC containers are not temporarily stored in a non designated VOC only 
storage area.] 

Determine if the samples were received at the proper temperature. (See section IC) 

2. The sample descriptions on the bottle should match those on the chain of custody. (See 
section 1H) 

3. Check to determine if the proper chemical preservatives were added to adjust the sample 
to the correct pH. All regulatory compliance samples received from North Carolina that 
do not meet the preservation requirement will be segregated and the client will be notified 
of non-compliance. The samples will not be analyzed until notification to proceed with 
analyses is received from the client. A list of parameters and the required chemical 
preservatives is posted in the log-in room. The verification of this preservation will be 
recorded on the Cooler Receipt Forrir for all projects. If Empirical Laboratories prepared 
and shipped out the sample containers they will have been pre-preserved unless instructed 
otherwise by the client. Complete traceability of the preservatives used to pre-preserve 
the sample containers and to preserve samples in the log-in area is required. A bound 
notebook must be used to trace this information and must include the following: Lot #, 
Type of preservative, Date Prepped, Amount and Analyst Name. This information must 
also be labeled on each container, re-pipetter, etc. that the preservative is stored in. Each 
lot of HNO3 used for Metals preservation must be tested prior to using them for 
preservation. These analyses are kept on file. 

a. The pH of each container (except VOA vials) which requires pH preservation must be 
checked. Do not open and check the pH of VOA vials in sample receiving/log-in. 

b. The pH of preserved samples is checked and confirmed using pH narrow range 
indicator paper. When the client request pH analysis on samples and they must be 
reported and measured for pH using the narrow range paper, rather then a pH meter, 
the accuracy of each batch of indicator paper must be calibrated to the nearest tenth 
versus certified pH buffer and recorded into a bound logbook in accordance with 
SW846 method 9041A pH Paper method. 
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c. When taking the pH reading, DO NOT PUT THE pH PAPER DIRECTLY INTO THE 
SAMPLE CONTAINER. Pour up a small aliquot and dispose of this volume after the 
pH is taken. For some samples (wastes) the indicator paper may not be accurate due 
to interferences. The observation of the appropriate color change is a strong indication 
that no interferences have occurred. If it appears as if there is interference, the pH 
must be measured using the pH meter. [See SOP ATSD-187 pH, Electrometriel 

4. The following guidelines must be followed to check pH preservation: 

a. Water samples for Cyanide analyses must be preserved to a pH of >12 with NaOH 
upon collection. If the pH of these samples is between 11.0-12.0 upon receipt, and the 
samples are at the proper temperature and not over 48 hours old it will not be 
necessary to complete a CAR, however the sample should be adjusted to >12.0 unless 
project/client specific requirements are to contact the client first. 

b. Water samples for Metals analyses must be preserved to a pH of <2.0 with HNO3 
upon collection. If the pH of these samples is between 2.0-.3.0 upon receipt, and the 
samples are not over 48 hours old it will not be necessary to complete a CAR, 
however the sample should be adjusted to <2.0. unless project/client specific 
requirements are to contact the client first. 

c. Samples requiring analyses which are preserved with H2SO4 (i.e., Nitrogen 
compounds, Total Phenolics, Oil and Grease, Total Phosphorus, etc.) can be accepted 
up to a pH of 2.5 without a CAR, however the sample should be adjusted <2.0 unless 
project/client specific requirements are to contact the client first. Samples for sulfide 
analysis must have a pH >9. 

d. If a sample is not properly preserved, log-in personnel must either do the following: 

• To meet project specific requirements, including all USACE projects, the client 
must be notified before preserving or adding additional preservative to the sample 
unless otherwise instructed. If the client instructs us to add chemical preservatives 
to a sample, complete traceability of the preservatives used is required (See section 
IIC, #3). A CAR must be completed. 

• For other projects it may be acceptable to preserve the sample accordingly before 
the sample is placed in storage. Complete traceability of the preservatives used is 
required (See section IIC, #3). A CAR outlining the project and the steps taken 
must be completed. 

• All metals samples preserved upon receipt must be held 24 hours before 
proceeding with analysis. These samples must be CAR generated and the client 
notified to see if the lab is to proceed with analysis. 
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e. In some instances it may not be possible to adjust the sample to the proper pH due to 
matrix problems which cause excessive foaming or require an unusually large amount 
of acid. Do not continue to add acid if a few mL's of acid does not lower the pH. 
Notify the Project Manager, Metals Manager and/or analyst. They will make the 
decision if the sample will be diluted, not analyzed, etc. A CAR must be completed in 
these situations. Make sure you note on the container and in the LIMS notes that the 
sample is not at the proper pH as well as any useful information (i.e., foaming, strong 
odor, etc.). 

A CAR may not be required for samples generated in the Aquatic Toxicology 
Laboratories and brought directly to Sample Receiving after they are collected but 
before they are preserved. Log-in personnel must preserve the samples accordingly 
before they are placed in storage. Complete traceability of the preservatives used is 
required (See section 11C, #3). A CAR outlining the project and the steps taken must 
be completed. 

5. Check to make sure samples are in proper containers and that there is adequate volume for 
all the parameters requested and no leakage. 

6. If VOA vials are present, each vial must be inverted and checked for head space. "Pea-
sized" bubbles (i.e. bubbles not exceeding 1/4 inch or 6 mm in diameter) are acceptable 
and should be noted, however, a CAR is not required. Large bubbles or head space is not 
acceptable and a CAR must be completed. If this occurs, the client must be contacted. 
The samples can be analyzed with their approval, however the report will be qualified and 
the data may be questionable. All VOA vials will be preserved with Na2S2O3 (0.2g) 
when chlorine is known to be, or suspected to be present. 

7. All pesticide samples to be analyzed by method 608 will be checked by the sample 
receiving personnel for the correct pH range of 5.0 to 9.0. The pH of the sample(s) will be 
communicated via E-mail to the Section Manager and appropriate analyst. 

8. All chlorinated effluent samples received for Cyanide must be checked for residual 
chlorine. The one liter sample container should initially contain 1 to 2g/L of Ascorbic 
Acid. Potassium Iodide starch indicator paper will be used for detecting the presence of 
residual chlorine. DO NOT PUT THE TEST PAPER DIRECTLY INTO THE SAMPLE 
CONTAINER. Pour up a small aliquot, neutralize, test and dispose of this volume after 
the sample is checked. If the test paper turns blue, the sample must be treated for residual 
chlorine. Add Ascorbic Acid, approximately 0.6g at a time and recheck the sample until 
there is no residual chlorine present. If the sample required this treatment this information 
must be included in the LINTS notes. This must be done by log-in personnel before leaving 
the receiving area. It may be necessary to notify the Inorganic Manager and/or analyst. 

9. Be aware of holding time requirements. (See section 1D) 
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D. Once sample containers have been numbered, they must be checked by another laboratory 
individual to ensure that the log number on the container matches the log number and sample 
ID on the Chain of Custody. A Sample Receiving Custody and Disposal Form [Attachment 
VII] must be completed each day. Samples should not leave the log-in area until this has 
been completed. [see LTC; it may be necessary to temporarily store samples in cold storage 
until the samples can be second checked, the amount of time that the samples are at room 
temperature must be minimized as much as possible.] The original is to remain in Sample 
Receiving until the samples are disposed of. Once the document is complete, the original will 
be kept on file. The following information must be logged onto this foint: 

1. Client and Log #s 

2. Date/Time Unpacked 

3. Logged In/Numbered By (Initials) 

4. 2nd Checked By (Initials) 

5. Date/Time Placed in Cold Storage 

6. Storage Area (Walk In, VOC Cooler, Quarantined Soils, Quarantined-VOC, Other) 

7. Disposed of By/Date 

8. Method of Disposal 

E. Notify the proper analyst if samples have been logged in for analyses which have a 24-
48 hour holding time or if a 1-2 day turnaround has been requested. The log number and 
description on sample (s) must be second checked before it is released to the analyst. (The 
analyst can second check the sample, but must initial the custody form.) 

. Sample Storage 

A. After samples have been correctly logged in they are then transferred to one of the following 
cold storage areas and arranged in numerical order by the assigned log in/LIMS sample 
number. Note that aqueous VOC samples must be segregated from all other samples. 

1. The Hobart refrigerator in the MS Lab: All aqueous VOC's must be stored in this 
refrigerator. Storage blanks consisting of organic free water from the laboratory may be 
required for specific projects. These will be analyzed for VOCs only. Storage blanks are 
required for all DOD projects. 

2. Walk In Refrigerator: All aqueous samples for all analyses must be stored in this 
refrigerator. 
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3. Soil Walk-In Refrigerator: All quarantined and non-quarantined soil samples for all 
analyses must be stored in this refrigerator. 

B. Quarantined soils are those quarantined by the US Department of Agriculture. These soil 
samples must be segregated from other soil samples during storage. A separate disposal log 
must be maintained for these soils including the location, date and quantity of the soil 
received and processed. Soil residues from quarantined samples must be treated according to 
regulations after testing (see Sample Disposal SOP). Quarantined soils are defined as: 

1. Soil taken from much of the southeastern US and parts of New York and Maryland at a 
depth of three feet or less. Soils from three feet or more are not regulated provided they 
are stored separately. A map of the regulated areas in the United States entitled Soil 
Movement Regulations [Attachment VIII] is posted in the log-in room. 

2. All soils taken from foreign sources, US. Territories and Hawaii. 

NOTE: All soils are treated as quarantined soils and are disposed of in accordance with USDA  
regulations. Above for information purposes only.  

C. All samples must be stored in one of the three refrigerators detailed above with the following 
exceptions: 

. Matrices that may be adversely affected by the cold temperature. (e.g. surfactant samples, 
multi-phase samples) 

2. Highly contaminated waste or product type samples that could jeopardize the integrity of 
other samples in the walk in cooler. Often these can be stored at room temperature. If 
these require refrigeration see the Project Manager for other options. 

D. The temperature of each sample refrigerator must be monitored and recorded each day by Wet 
Chem personnel by the following method. A Mercury thermometer or digital minimax 
thermometer with 1° increments must be used. Each thermometer must be calibrated against 
a NIST certified theimometer once a year (digital thermometers quarterly) and this 
information recorded in a bound notebook. The Certificate of Calibration for the NIST 
thermometer is kept on file at the QAO's desk. The thermometers must be tagged with a 
unique identification, the date calibrated and the correction factor. 

The tolerance range for all refrigerators is I to 6°C. This range and the range using the corrected 
reading must be posted on the outside of each cooler. if the temperature exceeds this range, 
corrective action measures must be put in place immediately. A CAR must be completed 
specifically noting the date and time the problem was discovered. The Project Manager, 
Laboratory Director and Technical Director will be notified in order to assess the situation. It 
may be necessary to put a service call in to the refrigeration repair service. 
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E. All personnel removing samples from any refrigerator must sign them in and out. This is 
done by completing the Sample Custody Form [Attachment IX] which is attached to the 
door of each refrigerator. These completed fauns are kept on file [see section III, #4F] 

F. The water walk in refrigerator in the sample room is the largest refrigerator and stores a 
large majority of the samples. A back up compressor is hooked into the system and 
scheduled to automatically come on if the main compressor fails. There is a digital min/max 
thermometer, which monitors the temperature 7 days a week. This thermometer will be 
calibrated quarterly against the MST theimometer. 

G. As stated above the temperatures for all refrigerators that samples are stored are checked 
each day Monday-Friday and monitored seven days a week with min/max thermometers. 
Pay close attention to these readings and watch for signs of possible problems. 

H. A temperature maintenance record book is kept for each refrigerator. 

I. Samples must be held for a minimum of 30 days after the final report unless specified 
otherwise. For USACE projects, samples must be held for a minimum of 60 days after the 
final report unless otherwise specified. See SOP ATSD 405 entitled Analytical Laboratory 
Waste Disposal SOP for guidance on disposal of samples. 

1V. Laboratory Information Management System (LIMS) 

A. Log the sample information into the LIMS for each sample. Every attempt should be made to 
get every sample logged into the LIMS by the end of the day. All information entered should 
be clearly stated and recorded on the COC provided. After opening the main menu of the 
LIMS, select the 'Work Orders' tab from the 'Sample Control' drop down menu. Now click 
on the 'Add' button to create a new Work Order. You will see the following: 

Client: 

Select the client I.D. by clicking on the pull-down and choosing from the client list. 
This list is in alphabetical order. If the desired client is not on the list, a new client 
must be created by the project manager or I.T. director. 

2. Projects: 

Click on 'Projects' and choose the project I.D. The projects will be client specific. 
After the project is chosen the "project infoiiiiation" areas should fill in. The 'Project 
Name,' Project Number,' TAT,"Client Project Manager,' Lab Project Manager,' 
and 'Comments' infolination should also appear. If there are no applicable project 
choices, a project must be created by the project manager or 1.T. director. There are 
two types of projects: 
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a. Internal -- Empirical Laboratories projects; 

b. External -- direct laboratory clients. 

3. Comments: 

This area is to be used to note any information from the project manager for all work 
orders of this project. It can also be used to list any work order specific notes; this 
includes but is not limited to infoiniation concerning rush turnaround, deliverables or 
other QC requirements, analyte concentrations, safety issues, quarantined soils, CAR 
#s, preservation or matrix problems, etc. 

4. Received By: 

Enter the name of the person who received the samples. 

5. Logged In By: 

Enter the name of the person who logged in the samples. 

6. Received: 

Enter the date and time received separated by a space and using military time. 
Example: 08/02/2008 08:30 

7. Project/Package Date Due: 

After the date and time received have been entered, the date due for both of these 
fields will be calculated. If this information is not correct or needs to be amended 
later, check with the project manager before doing so. 

8. Shipping Containers: 

Click on the 'Coolers' button and enter the temperature and condition upon receipt. If 
more than one cooler was received, each cooler must be assigned a different name. 
For example, if these came in by dedicated courier, enter the last four numbers of the 
Tracking Number as the name. After all of a cooler's information has been entered 
(received on ice, where custody seals present, preservation confirmed, COC/container 
labels agree, sample containers in-tact) click the 'Save' button. If more than one 
cooler was received, click the 'Add' button and repeat the process above, then click 
`Done' after all the coolers' info has been saved. 

9. COC Number: 
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If an identifiable COC number is listed, record that D here. 

10. Shipped By: 

Enter the courier used to deliver the samples. If the samples were picked up by a lab 
employee or dropped of by the client/representative, enter 'Hand-Delivered.' 

After these items have been completed, click 'Save,' then the 'Samples' button to continue. To 
begin entering information for a sample, click the 'Add' button on the bottom of the Samples 
screen. 

11. Sample Name: 

a. Only abbreviate if description is too long for the spaces allotted in the LIMS. This 
infolination should come directly from the chain of custody. The sample ID entered 
into the LIMS will be the sample ID on the final report. 

b. If no sample ID is provided, or is indistinguishable from other samples listed, contact 
the project manager to ascertain distinction in the samples. Include date as part of the 
description if this is the only way to differentiate the samples. 

c. When logging in trip blanks that do not have an ID assigned by the client, list them as 
"Trip Blank # 	". This infoimation should be on the containers. A log book 
must be kept in the sample kit room which lists all trip blanks and the date they were 
filled. This will ensure consistency with the descriptions for trip blanks. Make sure 
you record the trip blank on the chain of custody if it is not listed. 

12. Collection Date: 

Enter the date and time the sample was collected. You must use military time and 
separate by a space. Often the time collected is not given. Although this is a sampling 
requirement, this information may not be crucial unless a parameter with a short 
holding time or a data deliverables package is required. In the event that a sample 
collection time is not listed on the COC or the sample container, a default time of 
00:00 can be used temporarily until client verification. Once verified, then the correct 
sample collection time must be input into LIMS. If the COC and sample containers do 
not list a collection date and time, a CAR must be generated. All attempts should be 
made to get all our clients to supply this information. 

13. Lab/Report Matrix: 

Click on pull down and select matrix. Many times it is difficult to discern the matrix if 
it is not specified on the COC, and log-in personnel must use their best judgment with 
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regard to analytes/methods requested. Keep in mind that the detection limits and units 
on the LIMS reports are linked to the matrix. In some cases it may be necessary to ask 
the Section Managers about the matrix selection. Log-in may do a dilution test to 
distinguish water samples from oil samples if the COC does not clarify a sample 
matrix if need be. 

14. Sample Type: 

This is used to differentiate between special types of samples (i.e. Field Duplicates, 
Equipment Blanks, Trip Blanks, etc.). If there is no definite way to determine that a 
sample should be classified as something else, then "SAMP-Client Sample" will be 
selected as the sample type. Do not list a sample as anything other than a Client 
Sample unless noted on the COC of are instructed by the client to do so. 

15. Container: 

Click on the drop down list and select the appropriate bottle type. If multiple bottles 
are received for the same sample, then move down to the next line and select all other 
containers as required. Repeat this process until all containers for the sample are 
listed. As each container is entered, an individual number is assigned to it by the 
LIMS system. This number is also listed on the container labels that are printed from 
the LIMS, and is placed on the corresponding bottle for container tracking purposes. 

16. pH (Container Preservative): 

Use this to document the pH check infolination taken during sample unpacking. If no 
preservative was used, then nothing is required in this field. 

17. Comments: 

Enter any information that is applicable at the sample level. 

18. Field Analysis: 

Click on field analysis tab and enter field information when provided. 

19. Work Analyses: 

Select all parameters requested for the sample from this list. 

a. If the required test code is not listed, and the sample matrix is not a 
contributing factor, click the Work Analyses tab to open the All Analyses list. 
When selecting from this expanded list, be careful to select the proper method 
as all methods available for the current matrix will be selectable. 
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b. If any analyses are selected from the All Analyses list, the Project Manager in 
charge should be notified so that the correctness of methods and pricing can be 
checked and updated as needed. 

c. All preparation codes for analytes are entered and stored by the system 
independently of the test codes selected, except in the cases of Dry Weight 
analysis, and TCLP/SPLP preparation (tumbling). In the case of the 
TCLP/SPLP prep codes, these are entered alongside the other required 
analyses automatically by the LIMS when a TCLP/SPLP analyte is selected. 
As for Dry Weight, it is required for all solids testing except in the eases of 
TCLP/SPLP analysis, Explosives only analysis, and/or any pure product/non-
soil based sample when specified by the client. 

20. Analyses Comments: 

These comments should be used for any notes that only apply to that particular test 
code. 

21. RTAT:• 

If the Rush Turn-Around Time for this sample is known at the time of log-in, this 
infoimation should be updated here. 

22. Save: 

Once all applicable information is entered for a sample, click the save button. At this 
time the LIMS applies the Laboratory Sample ID to the sample. This is a four part ID 
code composed of the following: 

a. A 2-digit numeral of the year. Example (0811248-06) 

b. A 2-digit numeral of the month. Example (0811248-06) 

c. A 3-digit numeral of the work order number. This number reset to 001 at the 
beginning of each month. Example (0811248-06) 

d. A 2-digit numeral of the sample number separated by a dash. Example (0811248-
06). This number is different for each sample in a work order, and a single work 
order cannot contain more than 99 samples. If more sample numbers are needed, a 
new work order number will have to be assigned to the applicable set of sample. 

23. Add/Edit/Copy: 
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Use these selections to add more samples to the work order, or to change existing 
information prior to label printing. 

Once all the tests have been selected and all samples have been added in the work order, a work 
order summary and all container labels are printed. Labels are checked for accuracy against the 
containers while being labeled. At this point log-in of this group of samples is complete. 

B. After log-in of a work order is complete, the COC can then be scanned into the system, attached to 
the work order on the Work Order screen, and the work order can be updated to Available status 
so as to be seen by the analysts. 

V. 	Daily Follow Up for Sample Receiving/Log In 

A. Wipe out the inside of coolers and return all Empirical Laboratories coolers to the sample kit 
room. Discard any coolers that are cracked, broken or filthy. 

B. If any samples were received for RUSH turnaround, then a RUSH SHEET /Attachment XIII 
must be completed and distributed to all laboratory personnel via e-mail. If ever in doubt of 
which analysts should be notified, pass them out to everyone. Always give copies to the 
Laboratory Director, Administrative Assistant and Section Managers. It may be necessary to 
send out two RUSH sheets per day (one around mid-day and the other at the end of the day). 

C. Complete any required CARs. 

D. At the end of the day organize all paperwork received and generated for the day. The 
following should be given to the Project Manager (section supervisor): 

The original chains of custody and yellow original or copy of each. The CRF will 
accompany the COC for the project. 

2. Any information (letters, regulatory limits, etc.) from a client which was received with 
any samples. 

3. All CARs. 

4. LIMS sample receiving logs. 

5. Copies of any RUSH sheets which have been distributed 

6. Sample Receiving Custody and Disposal Form. 
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7. Cooler receipt form. 

E. All the above information from the day will be reviewed as soon as possible. 

1. All LIMS logs must be 2nd checked by a different person than the person entering the 
information into the LIMS. Each set of logs must be initialed dated by the person 2nd 
checking. These will be kept on file at the Project Manager desk. 

2. If any corrections or changes are required, all laboratory personnel will be notified by 
distributing a Sample Log Change Form [Attachment XIII] through email distribution. 
A Sample Log Change Form by the project manager will also be sent out if a client adds 
or deletes any parameters, changes sample IDs, etc. 

F. The Testing Coordinator will distribute the following after they have been through the 2nd 
QA check: 

Copies of the LIMS receiving reports to necessary laboratory personnel. 

2. Original (white copy) chains of custody are given to the Project Manager. These will be 
sent with the final report to the client. 

3. Finalized/approved CARs must be sent to the: 

a. Organic Manager 

b. Inorganic Manager 

c. Laboratory Manager 

d. Laboratory Director {optional) 

e. Quality Assurance Officer 

f. Administrative Assistant 

g. Client {optional) 

	

4. 	Copies of any project/sample specific information to the Section Manager and analysts. 

G. Information will be filed as follows: 

	

1. 	Chains of custody: 
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a. Original (white copy) is returned to the customer with the final report along with the 
CRF. 

b. Pink copies should be retained by the sampler. 

2. CARs 

a. CARs can be found at V:1LABllog-inlogin (year)llogcar (year). 

3. Sample Change Forms and RUSH Sheets 

a. Sample Change Foams are distributed by email. 

b. RUSH Sheets are found at VALABllogin\Rushsheets 

4. At the end of each year, files for that year are boxed and archived. Make sure files are 
labeled properly and place them in banker's boxes. Complete a storage box file form 
with as much detailed information as possible. The Laboratory Administrative Assistant 
will label and number the boxes and incorporate the storage boxes into the laboratory 
file archive system. Boxes containing files from Sample Receiving are kept on site for 
1-2 years and then may be moved to off site storage upon release from the Project 
Manager. 

VI. Miscellaneous 

A. All projects which require deliverables or other QC requirements should be listed in the notes 
section of the LIMS. 

B. if samples are received from a new client or a new job number that is not in the LIMS, a new 
client code must be set up. This information should be on the chain of custody or it may be 
necessary to contact the customer if the information is incomplete. 

C. Samples from the Aquatic Toxicity Laboratory (ATL) are logged into the LIMS for billing 
and long-term tracking purposes. The receiving information and proper assignment of tests 
are reviewed by the ATL Manager. The samples are then logged in by ATL personnel. 

D. A flow chart outlining sample receiving and the flow of data, reporting and invoicing is 
attached as Attachment XIV. 

E. A Telephone Conversation Log (Attachment XVI may be required to document information 
and may be attached to or used as a CAR. 
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F. All log books used in the Sample Receiving and Sample Storage Areas are numbered. The 
following log books are presently maintained. All log books must be "Z"ed out. The Testing 
Coordinator will review the log books each week to check for completeness. 

Log Book ID 	Log Book Description 

L1014 	 Trip Blank Prep Log Book 
L1009 	 Tracking of VOC Trip Blanks Shipped 
L1011 	 Quarantined Soil Treatment Log Book 
LI012 	 Acid Neutralization Log Book 
L1013 	 Sample Receiving and Disposal Log Book 
L1010 	 Kit Room Preservation Preparation Log Book 
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Attachments to SOP 404 

II 	 Chain of Custody Record 

III 	Corrective Action Report for Sample Receiving/Log In 

IV 	Cooler Receipt Form 

V 	 List of Short Holding Time (Immediate-72 hrs.) Parameters 

VII 	Sample Receiving Custody and Disposal Form 

VIII 	Map of Quarantined Soil Areas in the US. 

IX 	Laboratory Sample Custody Form for Walk In Refrigerator 

X 	 Container Codes for the LIMS 

XI 	Routine NPDES Clients 

XII 	RUSH Sheet 

XIII 	Sample Log Change Form (Green Sheet) 

X1V 	Flow Chart, Laboratory Sample Tracking System 

[Attachments I and VI were removed during the editing process and not added to the SOP] 
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EMPIRICAL LABORATORIES, LLC - CHAIN OF CUSTODY RECORD 
SHIP TO: 227 French Landing Drive, Suite 550 • Nashville, TN 37228 • 615-345-1115 • (fax) 615-846-5426 

Send Results to: Send Invoice to: Anal sis Requirements: Lab Use Only: 

Name Name 

Airbill #:  

VOA Headspace 
Field Filtered 
Correct Containers 
Discrepancies 
Cust. Seals Intact 
Containers Intact 

Y 
Y 
Y 
V 
Y 
Y 

N 
N 
N 
N 
N 
N 

NA 
NA 
NA 
NA 
NA 
NA 

Company Company 
Address Address 
City City _ 
State, Zip State, Zip 
Phone Phone 
Fax Fax 
E-mail E-mail 

CAR #: Project No./Name: Sampler's (Signature): 

Lab Use Only 
Lab # 

Date/Time 
Sampled Sample Description 

Sample 
Matrix 

Comments 
No. 
of 

Bottles 

Lab Use Only 
Containers/Pres. 

Sample Kit Prep'd by: (Signature) Date/Time Received By: (Signature) REMARKS: Details: 

Page 	of 
Relinquished by: (Signature) Datefrime Received By: (Signature) 

Cooler No. 	of 

Date Shipped Relinquished by: (Signature) Date/Time Received By: (Signature) 

Shipped By 

Turnaround 
Received for Laboratory by: (Signature) Date/Time Temperature 

Distribution Original and yellow copies accompany sample shipment to laboratory; Pink retained by samplers. 



Attachment III 
CAR 09- 

EMPIRICAL LABORATORIES 

CORRECTIVE ACTION REPORT FOR SAMPLE RECEIVING/LOG-IN 

Date Completed: 

Form Completed By: 

Date Samples Received: 

Parameter(s): 

Client/Job /4: 

Samples: 

Problem(s): 

Action Taken: 

Action Taken to Prevent Reoccurrence of this Problem: 

Approval of Section Leader: 

Distributed to: 



EMPIRICAL LABORATORIES 
COOLER RECEIPT FORM 

LIMS Number: 	Number of Coolers: 	of 	  

Client: 	  Project: 	  

Date/Time Received: 	 Date cooler(s) opened: 

Opened By (print): 	 (signature): 	  

Circle response below as appropriate 

1. How did the samples arrive?: 	FedEx 	UPS 	 DHL 	 Hand Delivered 

EL Courier 	Other: 

If applicable, enter airbill number here: 	  

2. Were custody seals on outside of cooler(s)? 	 Yes 	No 

How many: 	 Seal date: 	 Seal Initials: 	  

3. Were custody seals unbroken and intact at the date and time of arrival?   Yes 	No 	N/A 

4. Were custody papers sealed in a plastic bag included in the sample cooler? ..... 	Yes 	No 	N/A 

5. Were custody papers filled out properly (ink, signed, etc.)'  	Yes 	No 	N/A 

6. Did you sign custody papers in the appropriate place for acceptance?    Yes 	No 	N/A 

7. Was project identifiable from custody papers? 	  Yes 	No 	N/A 

8. If required, was enough ice present in the cooler(s)? 	  Yes 	No 	N/A 

Type of Coolant: 	WET 	DRY 	BLUE 	NONE 	Temperature of Samples upon Receipt: 

Dates samples were logged-in: 

9. Initial this form to acknowledge login of sample(s): (Name): 	WILLIAM SCHWAB (Initial): 

10. Were all bottle lids intact and sealed tightly? 	  Yes No N/A 

11. Did all bottles arrive unbroken? 	  Yes No N/A 

12. Was all required bottle label information complete? 	  Yes No N/A 

13. Did all bottle labels agree with custody papers? 	  Yes No N/A 

14. Were correct containers used for the analyses indicated? 	  Yes No N/A 

15. Were preservative levels correct in all applicable sample containers? 	 Yes No N/A 

16. Was residual chlorine present in any applicable sample containers? 	  Yes No N/A 

17. Was sufficient amount of sample sent for the analyses required? 	  Yes No N/A 

18. Was headspace present in any included VOA vials? 	  Yes No N/A 

If Non-Conformance issues were present, list by sample ID: 	  

CAR#: 



• 
ATTACHMENT V 

Short Holding Time Parameters 

(Immediate-72 hours) 

Parameter Holding Time 

pH Immediate a 
Sulfite Immediate a 
Temperature Immediate a 
Residual Chlorine Immediate a 

Coliform. (Fecal and Total) 
RCRA/WW 

6 hours 

Hexavalent Chromium (Cr +6) 24 hours 
Odor 24 hours 
Coliform (Fecal and Total) 
Drinking Water only 

30 hours 

BOD 48 hours 
Color 48 hours 
Settleable Solids 48 hours 

MBAS 48 hours 
Orthophosphate 48 hours 

Turbidity 48 hours 
Nitrite 48 hours 

Flashpoint 72 hours b 

a Immediate generally means within 15 minutes of sample collection• 

b This is an internal holding time: The method does not specify a 
holding time. 
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Empirical Laboratories, LLC 

SAMPLE RECEIVING CUSTODY AND DISPOSAL FORM 

Date Samples Received 

Client Log #'s Date 
Unpacked 

Logged In/ 
Numbered 

By 

2nd 
Checked 

By 

Placed in 
Storage By 

Date 
Placed in 
Storage 

Storage 
Area CO 

Disposed of 
By/Date 

Method of 
Disposal 

,..... 

I ) IV-Walk in Refrigerator 
I-IV= Hobart Refrigerator, VOC samples only 
Q- Refrigerator for Quarantined Soil Samples 
QV= Refrigerator for Quarantined Soil, VOC samples only 
0—Other (\lust Specify) 

MUST HAVE INITIALS OF THE PERSON WHO SECOND CHECKED AND MUST BE FILLED IN BY THAT PERSON IN INK . 

1_•drOG-lNQC -R1 C2 DOC 40  Revise,, , 2/31;03 • 



• 
oil Movement Regulations 

by US 00 • ofN  hvrica*ke) 

mdllione of Movement 

strIctions are Imposed on the move-
mt of regulated articles from a regulated 
?a as follows: 
Dm red areas Into or through white 
gas. Movement within red areas may be 
gulated. 

Consult your Slate or Federal plant protec-
tion inspector or your county agent for 
assistance regarding exact areas under 
regulation and requirements for moving 
regulated articles. negulaled Area 



Sample Log # (s) Time/Date/Initials Time/Date/Initials Notes/ Task 
Removed Returned (Note if all Comments Performed 

Sample Used) 

Empirical Laboratories 
EMPIRICAL LABORATORIES, LLC 

LABORATORY SAMPLE CUSTODY FORM 
WALK-IN REFRIGERATOR 



Preservatives Types of Container 
NI HNO3 A 1 LITER - PLASTIC 
NF HNO3 (Filtered) B 500 mL - PLASTIC 
SU H2SO4 C 250 mL - PLASTIC 
SH NaOH D 120 mL - PLASTIC 
ZN ZnAC / NaOH EN ENCORE PAK 
HY HCl F 1 LITER - GLASS CLEAR WIDE MOUTH 

G 1 LITER - GLASS CLEAR BOSTON ROUND 
H 1 LITER - GLASS AMBER 

250 ml. - AMBER 
J VOA VIALS - (40 ml.) 
K 500 ml. - (16 oz) 
L 250 ml. - (8 oz) 
M 125 ml. - (4 oz) 
N 60 ml. - (2 oz) 
0 OTHER 
P PLASTIC BAG -1 Gallon 



ATTACIKEST XI 

• 

ROUTINE NPDES CLIENTS (Page 1 of 2) 

,LOAN Ingot and Recycling 
mom Oil 
►rmstrong (Pirelli) 
:lf Atochem-Carrollton, KY 
Luburn Hosiery Mill 
►utostyle 	• 

Lando Manufacturing 
lowers Ink 
fowling Green Municipalities (City of) 
IP Oil 
Ireinner, Inc. 
h-entwood, City of 
frown Printing Central 

Jargill Steel and Wire 
7,Iarksville Products 

107 T . Dupont 
ir and Olsen 

onhart Pop Rivets 

Fleet Design 
Franklin, City of 

3atlinburg 

Hennessey Co. (Coats) 
H.I.S. Laundry 
H.K. Bell (City of Hopkirisville Landfill Monthly Monitoring) 
Hoover 

Enternational Paper 
J. S. Technos 

Ken Koat 
King Industries 

S 
..,annora Tannery 
Leonard Plating 



ROUITNE NPDES CLIENTS (Page 2 of 2) 

Al Plate, Inc. 
4orflex, Inc. 

Zashville Wire 
Zorandal USA Inc. 

)ak Ridge, City of 

nymouth Tube 
'rime Colorants 

3hare-ci Hospital Services 
Snap On Tools 
3pringfield, City of 
3necial Metals 

le Industries 

ennessee Dickel Distillery 
Tullahoma, City of 

UCAR, Clarksville 

Valmore Leather 

Westvaco (Mayfield Creek Up/Down) 
Woodbury 

Revised 9/10/96 



• 	• 	Date Distributed 1/01/02 r 

RUSH 
DATE 

RECEIVED 
CLIENT LOG # (S) PARAMETERS E-MAIL 

COPY DUE 
(DATE / TO) , 

FAX 
COPY DUE 
(DATE / TO) 

*FINAL 
COPY DUE 
(DATE I TO) 

*ALL FINAL REPORTS SHOULD BE DELIVERED TO TER 
TO FINAL DUE DATE TO CLIENT. 



ATTACIIMM XIII 

• 96-0001 

SAMPLE LOG CHANGE FORM 

DATE: 

TO: 

SAMPLE #(S): 

CUNT: 

Changes: 

• 

I 



• 
ATTACHMENT XIV 

LABORATORY SAMPLE TRACKING SYSTEM 
SAMPLE RECEIVING 

LAB WORK 
ORDER RECEIVED 

SAMPLE KITS 
PREPARED IF REQUIRED 

SAMPLES RECEIVED 

CHAIN IS 	NO CONTACT 
APPROPRIATE 
INDIVIDUALS) 

INFORMATION 
OF CUSTODY REVIEWED. 

COMPLETE & 
ACCURATE? 

YES 

SAMPLES PLACED.IN 
LABORATORY COLD 
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Analytical Laboratory Waste Disposal 
Standard Operating Procedure 

I. 	SCOPE AND APPLICATION: 

Empirical Laboratories, LLC laboratory waste includes excess client sample waste 
and waste that are generated while performing an array of analytical services, some 
of which are hazardous. These wastes must be disposed of in a manner that is safe, 
cost efficient and in accordance with hazardous waste regulations. 

A. Wastes can be broken down into the following categories: 

1. Unused portions of actual samples received from outside clients. 

a. Unused aliquots of completed water samples. 

b. Unused aliquots of completed non-aqueous samples. 

2. Soils from quarantined areas 

3. All other soils, sediments, building debris, wipes etc. 

4. Hazardous waste generated within the laboratory as part of numerous analytical 
procedures. 

II. SUMMARY OF PROCEDURES: 

A. There are four options for disposing of unused sample portions: 

1. Return completed samples and any generated waste from these samples to the 
client. 

2. Throw the sample away after confirming that it is non-hazardous. 

3. Disposal through a waste vendor in either a sealed drum or lab pack. This is 
normally done twice a year. 

4. Treat the sample to make it non-hazardous and dispose of it as such. {Aqueous 
pH neutralization only.) 
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B. There are two options for disposing of laboratory generated waste: 

1. Disposal through a waste vendor in either a sealed drum or lab pack. This is 
normally done twice a year. The waste must be stored properly until the waste is 
transported off site. 

For example: Solvent waste must be stored in the vented flammable cabinet. 

2. Treat the waste to make it non-hazardous and dispose of it as such. (Aqueous pH 
neutralization only.) 

III. EQUIPMENT/APPARATUS: 

A. Proper safety equipment in good working condition. This includes 
gloves, lab coat and safety glasses/goggles (voluntary use of cartridge 
respirator allowed see area manager or QAO). 

B. USDOT approved drums for storing and shipping hazardous waste. 

C. Fume hood vented outside the building. 

D. Flammable storage cabinet which is vented to the outside 

IV. PROCEDURE 

Waste disposal is done under the management and coordination of the Sample 
Receiving Manager, Section Managers and the Health and Safety Officer. 

A. Disposal of completed aqueous samples: 

Completed samples are kept in cold storage for approximately three weeks after the 
final report has been mailed. Engineering support projects involving CLP work, 
litigation cases etc. may be saved for longer than three weeks at the request of the 
project manager. 

No samples should be disposed of without approval from the responsible area 
manager or analyst. At this point the area manager and/or analyst will 
communicate information about samples deemed as hazardous. 
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1. The majority of the water samples (ground, surface and drinking) is non-
hazardous and is disposed of by pouring them down the sink. 

a. This must be done under the hooded area located near the sink in sample 
receiving. Make sure that the sash is closed far enough to produce sufficient 
ventilation. The tap water should be turned on to supply copious wash for sample 
disposal. 

b. Proper safety equipment must be used including safety glasses (face shield if 
necessary), lab coat and gloves. 

c. be alert to potential problems: for example, separate Cyanide waste from 
acid waste. Neutralize acid waste that will be poured down the drain and 
don't mix waste/samples thought to contain Cyanide with samples that are 
acidified. Also, look for things such as phase separation, odd color, odor etc. 
Check with the area manager or Health and Safety Officer before disposing 
of any questionable samples. 

d. Tap water must be running during the time samples are poured out and for 
approximately 10 minutes after so sufficient flushing and dilution takes place. 

e. All containers must be rinsed out, all identifying markings defaced or removed, 
and thrown into the trash. 

f. All samples disposed of in this manner must be documented in the bound disposal 
log. 

2. If water samples are hazardous (known or suspected), one of the following steps 
must be taken. 

a. Samples may be returned to the client. If you plan to ship the unused portion back 
to the client check with shipping and receiving to make sure that the material can be 
shipped in accordance with USDOT regulations. If the samples are not returned 
to the client they must be stored properly until picked up by a waste 
vender. 

b. Treat the sample to make it non-hazardous. One example of this is if the sample 
is highly corrosive, the pH may be adjusted. 

c. Store the sample properly until either a sealed drum or lab pack is sent out. 
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d. All samples disposed of in this manner must be documented in the bound disposal 
log. 

B. Disposal of completed non-aqueous samples: 

The majority of non-aqueous samples are soils or sediments, although there may also 
be building debris, wipes, oils, and occasionally product type samples. 

I. If samples are non-hazardous they must have all identifying markings defaced or 
removed, and thrown into the trash. On specific projects we may also opt to return 
the unused portions to the client even if they are non-hazardous. 

2. If non-aqueous samples are hazardous (known or suspected), one of the following 
steps must be taken. 

a. Samples may be returned to the client. If you plan to ship the unused portion 
back to the client check with shipping and receiving to make sure that the material 
can be shipped in accordance with USDOT regulations. If the samples are not 
returned to the client they must be stored properly until picked up by a 
waste vender. 

b. Store the sample properly until a lab pack is sent out. 

3. Soil samples taken at a depth of three feet or less from areas, which have been 
quarantined by the US Department of Agriculture (USDA), must first be treated at 
the laboratory to prevent the spread of any plant pests. The USDA has detailed 
proper treatment procedures of which we use the following: 

a. The sample is heated to 180°C(356°F)in a vented oven for two hours. 
b. After the heating the samples are placed close to a hood to cool and are marked as 
being ready for disposal. 

4. Once the samples have undergone treatment they can then be disposed of by one 
of the procedures for non-aqueous samples. All samples disposed of in this 
manner must be documented in the bound disposal logbook with the 
following information: 

a. Client 
b. Sample #s 
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c. Date(s) treated 
d. Treatment method used 

C. Disposal of laboratory generated waste: 

Generated waste is stored outside the building, inside the caged fence until a waste 
pick up occurs. This area must be maintained properly. 

1. Waste handling and disposal within each laboratory section: 

Each laboratory analyst and section manager is responsible to assure that handling 
operations within their area are being followed according to the laboratory 
requirement. 

a. General Chemistry/Inorganic 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the inorganic manager or the safety officer. 

• Concentrated acid waste, (>2% by volume) and dilute mercury waste (mercury, 
chemical oxygen demand, total kjeldahl nitrogen and chloride analyses waste) are 
poured into the Acid Satellite Waste drum located outside the back of the building 
inside the caged fence. Document the type and amount of waste in the acid 
waste logbook, then initial and date the entry. 
• Dilute acid waste (<2% by volume or less) are neutralized using concentrated 
amounts of sodium hydroxide and poured down a sink drain within hooded 
ventilation with copious amounts of tap water. The amounts of acid waste treated 
along with the amount of sodium hydroxide used to neutralize the acid waste, is then 
recorded into an acid waste neutralization log book that is kept in sample receiving. 
• All other non-hazardous sample waste, reagents and standards are 
poured down the drain with copious amounts of tap water. 

b. Metals 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
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below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the inorganic manager or the safety officer. 

• Concentrated acid waste, aqueous sample waste digestates and old unused 
calibration standards (>2% by volume) are poured into the Acid Satellite Waste 
drum located outside the back of the building inside the caged fence. 
• Non-aqueous sample digestate wastes are decanted off the soil/solid samples into 
the Acid Satellite Waste drum located outside the back of the building inside the 
caged fence. Rinse the soil/solid with tap water several times and discard the 
first rinsate into the Acid Satellite Waste drum and the sequential rinsates 
decant down an acid drain with copious amounts of tap-water. 
• Throw the soil/solids in the trash once the acid has been rinsed free. 
• Cr6 digestates as with all concentrated metal/acid waste are poured into 
the Acid Satellite Waste drum. 

c. Organic Extraction Laboratory Area 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the organic manager or the safety officer. 

• Concentrated acid waste is discarded into the Acid Satellite Waste located outside 
the back of the building inside the caged fence. 
• Non-chlorinated solvent waste (Acetone, Ether, Hexane, and Methanol ....etc...) 
pour into the Non-Chlorinated Waste labeled bottle located in the hood in the 
Organic Extraction Laboratory. 
• Chlorinated solvent waste (Methylene Chloride, Chloroform, chlorinated standard 
and spike waste) pour into the Chlorinated Waste labeled bottle located in the hood 
in the Organic Extraction Laboratory. 

**Note: Laboratory generated solvent waste is transferred to the 
appropriate Satellite Solvent Waste Drum (chlorinated or non-chlorinated) 
weekly or as deemed necessary. Disposal of solvent waste is done under the 
direction of the organic laboratory manager. These drums are located 
outside the back of the building inside the caged fence and only authorized 
laboratory staff are allowed to add waste solvent to these drums. The date 
of addition to the drum, type and quantity of solvent is entered into the 
`Organic Solvent Waste Logbook' located on the shelf next to the drums. 
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• Aqueous sample waste from extracted samples (once the extraction 
solvent has been removed) is poured down the drain and flush with copious 
amount of tap water. 
• Non-aqueous sample waste and sodium sulfate waste is dumped into a waste 
container under an extraction laboratory hood and left overnight or until the solvent 
is evaporated and then the waste is discarded into the trash. 

d. Gas Chromatography (GC)/High Performance Liquid Chromatography (HPLC) 
Laboratory 

• Autosampler vials are discarded into the appropriately labeled box located in the 
GC/HPLC Laboratory. 

PCB Box — all samples/standards 
Pesticide Box — all samples/standards 
Herbicide Box — all samples/standards 
8330 Box — all samples/standards 
Methylene Chloride Box- all samples/standards that contain methylene chloride 
(Diesel Range Organics, DRO) 

• Sample and spike extract vials are separated according to the contents in the vial. 
Acid cleaned extracts are combined into a reparatory funnel and the acid layer 
separated from the solvent. The acid portion is discarded into the Acid Satellite 
Waste drum located outside the back of the building inside the caged fence. The 
solvent waste is discarded into the appropriate solvent waste bottle (chlorinated/non-
chlorinated waste) located in the hood in the organic extraction laboratory. 

Unused stock and working standards are discarded into the chlorinated solvent 
waste bottle located in the organic extraction laboratory. The empty vials are rinsed 
several (3) times with solvent and the solvent rinsate poured into the solvent waste 
and the vials with labels removed are discarded into the glassware waste container. 

e. Gas Chromatography/Mass Spectrometry 

• Volatile sample, standard and reagent waste 
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Waste from the instrument - Aqueous sample waste is collected in waste bottles 
via waste lines from the instrument. The bottles are emptied into buckets and 
poured down the drain(pH is < 2% by volume). A small amount of methanol used to 
clean glassware is also dumped into the bucket and poured down the drain. While 
disposing of sample waste always run the cold tap water 10-15 minutes. Non-
aqueous waste from sample analyses is retained and dispose of in the same manner 
as the unused sample. Unused sample is held for sample disposal by the sample 
receiving area, see A and B listed above. 

Standards - Unused stock and working standards are discarded into the 
chlorinated solvent waste bottle located in the organic extraction laboratory. The 
empty vials are rinsed several (3) times with solvent and the solvent rinsate poured 
into the solvent waste and the vials with labels removed are discarded into the 
glassware waste container. 

In conjunction with section managers, the sample receiving area disposes of solid 
sample waste and unused aqueous and solid samples see procedures A and B listed 
above. 

• Semivolatile sample and standard waste disposal 

Methylene chloride waste solvent and standard waste in vials are poured into the 
chlorinated waste bottle in the hood in the organic extraction laboratory. The empty 
vials are rinsed with solvent and the solvent poured into the waste solvent bottle. 
The vials with labels removed are discarded into the glassware waste disposal 
container. 

Auto sampler vials are collected in buckets and stored under the hood in the organic 
extraction laboratory. Periodically the vials are consolidated in lab packs for 
disposal by a licensed waste disposal company. 

f. 	Bioassay Laboratory 

• Aqueous sample waste and a small amount of methanol are poured down the 
drain with copious amounts of tap water. Larger amounts of methanol used for 
glassware cleaning are collected in beakers and evaporated at room temperature. 

• Hazardous or product samples are returned to the client. 
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D. Consolidation of satellite waste for contractor disposal: 

In conjunction with the Safety Officer, the sample receiving supervisor is responsible 
to coordinate waste disposal operations with outside waste disposal contractors. 

1. Solvent waste from the areas discussed above is periodically consolidated into two 
drums located outside the back of the building inside the caged fence (c. Organic 
Extraction Laboratory Area, * Note). A drum designated either chlorinated or non-
chlorinated solvent waste is available to receive the appropriate solvent waste. When 
the drums become full (fluid surface six inches below the top of the drum), an 
authorized hazardous waste contractor will be scheduled to remove them to proper 
waste disposal. 

2. The Acid Satellite Waste drum is also disposed through the authorized hazardous 
waste contractor once the drum is full to the level of six inches below the top of the 
drum. 

3. Consolidated autosampler and standard vials are periodically Lab-Packed in 
drums and disposed through the authorized hazardous waste contractor. 

4. The Laboratory Health and Safety Officer will administer the Waste Disposal 
Program and maintain current information to track quantities of waste generated 
and stored on-site. 

It is the continuous objective of our laboratory to find ways to decrease the 
amount of waste generated. 
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STANDARD OPERATING PROCEDURE (SOP) FOR 
LABORATORY SAMPLE STORAGE, SECURE AREAS 

AND SAMPLE CUSTODY 

Empirical Laboratories, LLC is located at 621 Mainstream Dr. suite 270 Nashville, 
TN 37228 on the first floor. This building is locked and monitored by an alaiin 
system after normal business hours. No unauthorized personnel are permitted within 
the facility without a proper escort and a visitor's badge. During non business hours, 
all doors to the building are locked and secured by an alarm system. All front and 
back doors are locked and only Empirical Laboratories, LLC personnel have a key to 
access the building. Upon unlocking the door and entering into the laboratory, then 
the employee is to deactivate the alaiin system using the assigned 4 digit alarm code 
assigned to them by Human Resources. Each employee is assigned their own 
designated alarm code, with no code being assigned twice. There is a buzzer at the 
door to Login to allow entry for sample and supply deliveries. 

The majority of samples are shipped in coolers by couriers such as Federal Express 
and UPS. All couriers are generally received in the Shipping/Sample Receiving (SR) 
area in back of the building. The laboratory is located close to Federal Express 
(FedEx) distribution station; therefore we pick up our coolers at the FedEx location 
daily and transport them directly to the laboratory. Some coolers and/or samples are 
delivered directly to the SR area by the sampler and/or client. The SR personnel must 
not leave any packages/cooler without authorized receipt from laboratory personnel. 
Samples must be accompanied by some type of chain of custody record. Sample 
receiving personnel sign, and list the date and time received on the chain of custody. 
The time received must reflect the actual time or validation date and time of receipt 
for the samples although they may be placed in cold storage and logged into the 
system at a later time. The method of delivery is listed on the cooler receipt 
form(CRF). The tracking # (if available) is attached to the chain of custody. 

Once sample containers have been assigned a laboratory ID number, they must be 
checked by another laboratory individual to ensure that the log number on the 
container matches the log number and sample ID on the Chain of Custody. A Cooler 
Receipt Form also must be completed to accompany the cohesive Chain of Custody. 
Samples should not leave the log-in area until this has been completed. Log-in is also 
responsible for maintaining a Sample Receiving Custody and Disposal Form for 
samples received. This faun is to be filled out before the actual disposing of any 
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sample in house. Once the document is complete, the original will be kept on file. 
The following information must be logged onto this form: 

• Client and Log #s 
• Date/Time Unpacked 
• Logged In/Numbered By (Initials) 
• 2nd  Checked By (Initials) 
• Date/Time Placed in Cold Storage 
• Storage Area (Walk In, Blue Air-VOCs, Quarantined Soils, Quarantined-

VOC, Other) 
• Disposed of By/Date 
• Method of Disposal 

Original samples are stored in following areas of the laboratory. 

Hobart Refrigerator in the VOC lab: All water VOCs must be stored in this 
refrigerator. 

2. Water Walk In Refrigerator: All waters for all analyses except VOCs must 
be stored in this refrigerator. 

3. Soil Walk in Refrigerator for all soils. 

4. VOC Dry Storage Rack: All water VOCs that have exceeded double holding 
time can be stored on this rack. These samples are stored here segregated alone to 
ensure no cross contamination occurs between VOC samples and other non-VOC 
aqueous samples. 

All soils are treated as quarantined. 

All samples must be stored in one of the four locations detailed above with the 
following exceptions: 

1. Matrices that may be adversely affected by the cold temperature. (e.g. 
surfactant samples, multi-phase samples) 
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2. Highly contaminated waste or product type samples which could jeopardize 
the integrity of other samples in the walk in cooler. Often these can be stored 
at room temperature. If these require refrigeration see the Testing Coordinator 
for other options. 

Any person removing samples from the storage areas listed above, must sign them out 
on a laboratory custody sheet (attached). The individual performing the processing 
becomes responsible for the samples at this point. The samples are maintained in the 
secure possession of the individual processing the samples. When the processing is 
completed, the samples are returned and signed back into the appropriate storage area. 
It must be noted if the entire sample volume was used and that the container was 
discarded. 

Sample extracts and digestates are stored in the following areas: 

1. All metals digestates are stored in the metals instrument laboratory. The 
transfer from the digestion analysts to the ICAP analysts is documented in the 
metals digestion log book. 

2. Non - ZHE TCLP extracts are returned to the refrigerator in which the original 
samples are stored. For ZHE samples, the extract is returned to the 
refrigerator in which the original VOC sample containers are stored. 

3. Extracts from medium level VOC analyses are also stored in the Soil Walk —
in or VOC sample freezer in the VOC Lab. 

4. All Organic extracts are stored in a Beverage Air side by side refrigerator in 
the organic extraction laboratory. 

The generation of all sample extracts/digests and their movement through the 
laboratory will also be tracked on a laboratory custody sheet or in a log book. The 
individual performing the processing becomes responsible for the samples at this 
point. The samples are maintained in the secure possession of the individual 
processing the samples. When the processing is completed, the extracts are returned 
and signed back into the appropriate storage area. The metals digestates are not 
removed from the metals instrument laboratory. 
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After the analytical results have been reported, the original samples, sample extracts, 
and digestates will remain in secure storage until they are disposed of in accordance 
with the Waste Disposal Standard Operating Procedure. Samples will be held for a 
minimum of 30 days after the final report unless specified otherwise. Sample extracts 
and digestates are held for a minimum of 60 days after the final report unless project 
specific requirements state otherwise. See SOP No. 405 entitled Laboratory Waste 
Disposal SOP for guidance on disposal of samples. 

The following personnel as of June 23rd, 2009 have access to all sample storage 
areas: 

James Dalton 
Ashley Bester 
Roger Burr 
Janice Shilling 
Rick Davis 
Jessica Sales 
Betty DeVille 
Amanda Fei 
Kendra Gentry 
Jason Goodman 
Sonya Gordon 
Gwen Hallquist 
Veronica Mullen 
William Lancaster 
Jade Holliman 
John Hughes 
Karu Huka 
Randy Ward 

Herbie Johnson 
Dahae Kim 
Dustin Lynch 
Marcia McGinnity 
Badeen Mekael 
Antonio Montiero 
Kelienne Verdier 
Gino Moore 
Lorraine Norohna 
Melanie Sams 
Brian Richard 
Franklin Rivers 
William Schwab 
Russell Townsend 
Christy Thompson 
Renee Vogel 
Randy Ward 
Marcia McGinnity 

In the event that an employee is teiminated, the supervisor is responsible for 
collecting the employee's keys. 

For additional information see SOP No. 404 entitled Laboratory Sample Receiving, 
Log-In and Storage. 
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1.0 PURPOSE 

The purpose of this document is to specify a consistent sample nomenclature system that will facilitate 
subsequent data management in a cost-effective manner. The sample nomenclature system has been 
devised such that the following objectives can be attained: 

• 	Sorting of data by matrix. 
Sorting of data by depth. 
Maintenance of consistency (field, laboratory, and data base sample numbers). 
Accommodation of all project-specific requirements. 
Accommodation of laboratory sample number length constraints (maximum of 20 characters 

2.0 	SCOPE 

The methods described in this procedure shall be used consistently for all projects requiring electronic data. 

3.0 	GLOSSARY 

None. 

4.0 	RESPONSIBILITIES 

Program Manager - It shall be the responsibility of the Program Manager (or designee) to inform contract-
specific Project Managers of the existence and requirements of this Standard Operating Procedure. 

Project Manager - It shall be the responsibility of the Project Manager to determine the applicability of this 
Standard Operating Procedure based on: (1) program-specific requirements, and (2) project size and 
objectives. It shall be the responsibility of the Project Manager (or designee) to ensure that the sample 
nomenclature is thoroughly specified in the relevant project planning document (e.g., sampling and analysis 
plan) and is consistent with this Standard Operating Procedure if relevant. It shall be the responsibility of 
the project manager to ensure that the Field Operations Leader is familiar with the sample nomenclature 
system. 

Field Operations Leader - It shall be the responsibility of the Field Operations Leader to ensure that all 
field technicians or sampling personnel are thoroughly familiar with this Standard Operating Procedure and 
the project-specific sample nomenclature system. It shall be the responsibility of the Field Operations 
Leader to ensure that the sample nomenclature system is used during all project-specific sampling efforts. 

5.0 	PROCEDURES 

5.1 	Introduction 

The sample identification (ID) system can consist of as few as 8 but not more than 20 distinct alpha-
numeric characters. The sample ID will be provided to the laboratory on the sample labels and chain-of-
custody forms. The basic sample ID provided to the lab has three segments and shall be as follows where 
"A" indicates "alpha," and "N" indicates "numeric": 

A or N 
3- or 4-Characters 

AAA 
2- or 3-Characters 

A or N 
3- to 6-Characters 

Site Identifier Sample Type Sample Location 
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Additional segments may be added as needed. For example: 

(1) Soil and Sediment Sample ID 

AorN 
3- or 4-Characters 

AAA 
2- or 3-Characters 

AorN 
3- to 6-Characters 

NNNN 
4-Characters 

Site Identifier Sample Type Sample Location Sample Depth 

(2) Aqueous (groundwater or surface water) Sample ID 

A or N 
3- or 4-Characters 

AAA 
2- or 3-Characters 

A or N 
3- to 6-Characters 

NN 
2-Characters 

-A 

Site Identifier Sample type Sample Location Round Number Filtered Sample only 

Bi to Sample ID (34 

Th15rt4 AAA N A or AA 
3- or 4-Characters 2- or 3- 	ar. . 6-Charact - 	rac ers 3-Characters 

Site Identifier Sam 	i• , ample Location 
Identifier 

Sample Group 
Num e 

5.2 	Sample Identification Field Requirements 

The various fields in the sample ID will include but are not limited to the following: 

• Site Identifier 
• Sample Type 
• Sample Location 
• Sample Depth 
• Round Number 
• Filtered 
• -4pesies-klaotitier-- 
• -gelliple-Gfetip+ItIftiber- 

. 
The site identifier must be a three- or four-character field .(numeric characters, alpha characters, or a 
mixture of alpha and numeric characters may be used). 	A site number is necessary since many 
facilities/sites have multiple individual sites, SWMUs, operable units, etc. Several examples are presented 
in Section 5.3 of this SOP. 

The sample type must be a two- or three-character alpha field. 	Suggested codes are provided in 
Section 5.3 of this SOP. 

The sample location must be at least a three-character field but may have up to six-characters (alpha, 
numeric, or a mixture). The six-characters may be useful in identifying a monitoring well to be sampled or 
describing a grid location. 

The sample depth field is used to note the depth below ground surface (bgs) at which a soil or sediment 
sample is collected. The first two numbers of the four-number code specify the top interval, and the third 
and fourth specify the bottom interval in feet bgs of the sample. If the sample depth is equal to or greater 
than 100, then only the top interval would be represented and the sampling depth would be truncated to 
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three-characters. The depths will be noted in whole numbers only; further detail, if needed, will be recorded 
on the sample log sheet, boring log, logbook, etc. 

A two-digit round number will be used to track the number of aqueous samples taken from a particular 
aqueous sample location. The first sample collected from a location will be assigned the round identifier 
01, the second 02, etc. This applies to both existing and proposed monitoring wells and surface water 
locations. 

Aqueous samples that are field filtered (dissolved analysis) will be identified with an "-F" in the last field 
segment. No entry in this segment signifies an unfiltered (total) sample. 

Section 	6.3 of this COP. 

The 	three digit sample grotirr frilmbei-ayill be tised to-En:wit-OIL-nth ftbtx-uf-biota-,ri ople groups (a partit..ular 

iasues, 	time, etc.) by species and location. The first sample group of a particular apccica collected from a 

5.3 	Example Sample Field Designations 

Examples of each of the fields are as follows: 

Site Identifier - Examples of site numbers/designations are as follows: 

A01 - 	Area of Concern Number 1 
125 - 	Solid Waste Management Unit Number 125 
000 - 	Base or Facility Wide Sample (e.g., upgradient well) 
BBG - 	Base Background 

The examples cited are only suggestions. Each Project Manager (or designee) must designate appropriate 
(and consistent) site designations for their individual project. 

Sample Type - Examples of sample types are as follows: 

AH 	Ach Sample 
AS 	Air Sample 
BM 	Building Material Sample 
BSB 	Biota Samplo Full Body 
BSF 	-Biota Sam* Pilot 
GP 	Composito Sample 
CS 	Chip Sample 
98----Drucn-Sampla 
DU- 	Dust Sample 
FP 	- 	Free Product 
IDW 	Investigation Derived Waste Sample 
.LT 	Loachato Samplo 
MW 	Monitoring Well Groundwater Sample 
OF 	0, trail Sample  
FIW 	Residential WellSample 
SB 	- 	Soil Boring Sample 
SD 	Sediment Sample 
SC 	Scrapo Sample 
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SG---Seil-rofts-Sample- 

SP - 	Seep Sample 
SS 	- 	Surface Soil Sample 
ST 	Ster•m Sovior VVator Sarnpro 
-SW--Soffeee-i.64atiig-Sample• 

Tost Pit-Sample 
Temporary Woti Sarriplo 

Wipc Samplco-
WactalSolid Sam 

Sample Location - Examples of the location field are as follows: 

001 	 Monitoring Well 1 
N32E92 	Grid location 32 North and 92 East 
D096 	Investigation derived waste drum number 96 

The first round monitoring well groundwater sample collected from existing monitoring well 001 at SWMU 
16 for a filtered sample would be designated as 016MVV00101-F. 

The second round monitoring well groundwater sample collected from existing monitoring well C20P2 at 
Site 23 for an unfiltered sample would be designated as 023MWC20P202. 

-desicipated-as-140SAALQ0-142.- 

A surface soil sample collected from grid location 32 North and 92 East at Site 32 at the 0- to 2-foot 
interval would be designated as 032SSN32E920002. 

A subsurface soil sample from soil boring 03 at SWMU 32 at an interval of 4 to 5 feet bgs would be 
designated as 032SE30030405. 

Note: No dash (-) or spacing is used between the segments with the exception of the filtered segment. 
The "F" used for a filtered aqueous sample is preceded by a dash "-F". 

TW 

WP 
WS 

019611/P 
	

Tetra Tech NUS, Inc. 



Subject 

SAMPLE NOMENCLATURE 

Number 
CT-04 

Revision 
1 

Page 
6 of 6 

Effective Date 
09/03 

5.5 	Field Quality Assurance/Quality Control (QA/QC) Sample Nomenclature)  

Field QA/QC will be designated using a different coding system. The QC code will consist of a three- to 
four-segment alpha-numeric code that identifies the sample QC type, the date the sample was collected, 
and the number of this type of QC sample collected on that date. 

AA NNNNNN NN -F 

QC Type Date Sequence Number 
(per day) 

Filtered 
(aqueous only, if needed) 

The QC types are identified as: 

TB = Trip Blank 

FD .= Field Duplicate 
AB = Ambient Conditions Blank 
WB = Source Water Blank 

The sampling time recorded on the Chain-of-Custody Form, labels, and tags for duplicate samples will be 
0000 so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date, and 
type will be recorded on the routine sample log sheets and will document the location of the duplicate 
sample (sample log sheets are not provided to the laboratory). Documentation for all other QC types (TB, 
RB, AB, and WB) will be recorded on the QC Sample Log sheet (see SOP on Field Documentation). 

5.6 	Examples of Field QA/QC Sample Nomenclature 

The first duplicate of the day for a filtered ground water sample collected on June 3, 2000 would be 
designated as FD06030001-F. 

The third duplicate of the day taken of a subsurface soil sample collected on November 17, 2003 would be 
designated as FD11170303. 

The first trip blank associated with samples collected on October 12, 2000 would be designated as 
TB10120001. 

The only rinsate blank collected on November 17, 2001 would be designated as RB11170101. 

6.0 	DEVIATIONS 

Any deviation from this SOP must be addressed in detail in the site specific planning documents. 
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1.0 	PURPOSE 

The purpose of this document is to specify a consistent procedure for the quality assurance review of 
electronic and hard copy databases. This SOP outlines the requirements for establishment of a Database 
Record File, Quality Assurance review procedures, and documentation of the Quality Assurance Review 
Process. 

	

2.0 	SCOPE 

The methods described in this Standard Operating Procedure (SOP) shall be used consistently for all 
projects managed by Tetra Tech NUS (TtNUS). 

	

3.0 	GLOSSARY 

Chain-of-Custody Form - A Chain-of-Custody Form is a printed form that accompanies a sample or a 
group of samples from the time of sample collection to the laboratory. The Chain-of-Custody Form is 
retained with the samples during transfer of samples from one custodian to another. The Chain-of-
Custody Form is a controlled document that becomes part of the permanent project file. Chain-of-Custody 
and field documentation requirements are addressed in SOP SA-6.1. 

Electronic Database - A database provided on a compact laser disk (CD). Such electronic databases will 
generally be prepared using public domain software such as DBase, RBase, Oracle, Visual FoxPro, 
Microsoft Access, Paradox, etc. 

Hardcopy Database - A printed copy of a database prepared using the software discussed under the 
definition of an electronic database. 

Form I - A printed copy of the analytical results for each sample. 

Sample Tracking Summary - A printed record of sample information including the date the samples were 
collected, the number of samples collected, the sample matrix, the laboratory to which the samples were 
shipped, the associated analytical requirements for the samples, the date the analytical data were 
received from the laboratory, and the date that validation of the sample data was completed. 

	

4.0 	RESPONSIBILITIES 

Database Records Custodian - It shall be the responsibility of the Database Records Custodian to 
update and file the Sample Tracking Summaries for all active projects on a weekly basis. It shall be the 
responsibility of the Database Records Custodian to ensure that the most recent copies of the Sample 
Tracking Summaries are placed in the Database Records file. It shall be the responsibility of the 
Database Records Custodian to ensure that a copy of all validation deliverables is provided to the Project 
Manager (for placement in the project file). It shall be the responsibility of the Database Records 
Custodian to ensure that photocopies of all validation deliverables and historical data and reports (as 
applicable) are placed in the. Database Records file. 

Data Validation Coordinator - It shall be the responsibility of the Data Validation Coordinator (or 
designee) to ensure that the Sample Tracking Summaries are maintained by the Database Records 
Custodian. It shall be the responsibility of the Data Validation Coordinator (or designee) to ensure that 
photocopies of all data validation deliverables are placed in the applicable Database Records file by the 
Database Records Custodian. 
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Earth Sciences Department Manager  - It shall be the responsibility of the Earth Sciences Department 
Manager (or equivalent) to ensure that all field personnel are familiar with the requirements of this 
Standard Operating Procedure (specifically Section 5.5). 

FOL - It shall ,  be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or 
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of-
Custody Forms to the Database Records Custodian. Other responsibilities of the FOL are described in 
Sections 5.4 and 5.5. 

Management Information Systems (MISI Manager  - It shall be the responsibility of the MIS Manager to 
ensure that copies of original electronic deliverables (CDs) are placed in both the project files and the 
Database Records File. It shall be the responsibility of the MIS Manager (or designee) to verify the 
completeness of the database (presence of all samples) in both electronic and hardcopy form in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that Quality Assurance 
Reviews are completed and are attested to by Quality Assurance Reviewers. It shall be the responsibility 
of the MIS Manager to ensure that records of the Quality Assurance review process are placed in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that both electronic 
and hardcopy forms of the final database are placed in both the project and the Database Record File. It 
shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are entered in the 
database. 

Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the 
request of the Project Manager, specifically with respect to the generation of level of effort and schedule 
estimates. To support the project planning effort, the MIS Manager shall provide a copy of the MIS 
Request From included as Attachment A to the project manager. It shall be the responsibility of the MIS 
Manager to generate level of effort and budget estimates at the time database support is requested if a 
budget does not exist at the time of the request. The MIS Request Form shall be provided to the Project 
Manager at the time of any such requests. It shall be the responsibility of the. MIS Manager to notify the 
Project Manager of any anticipated level of effort overruns or schedule noncompliances as soon as such 
problems arise along with full justification for any deviations from the budget estimates (provided they 
were generated by the MIS Manager). It shall be the responsibility of the MIS Manager to document any 
changes to the scope of work dictated by the Project. Manager, along with an estimate of the impact of the 
change on the level of effort and the schedule. 

Program/Department Managers  - It shall be the responsibility of the Department and/or Program 
Managers (or designees) to inform their respective department's Project Managers of the existence and 
requirements of this SOP. 

Project Manager  - It shall be the responsibility of each Project Manager to determine the applicability of 
this SOP based on: (1) program-specific requirements, and (2) project size and objectives. It shall be the 
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the requirements 
regarding Chain-of-Custody Form provision to the Database Records Custodian. It shall be the 
responsibility of the Project Manager (or designee) to determine which, if any, historical data are relevant 
and to ensure that such data (including all relevant information such as originating entity, sample 
locations, sampling dates, etc.) are provided to the Database Records Custodian for inclusion in the 
Database Records File. It shall be the responsibility of the Project Manager to obtain project planning 
input regarding the level of effort and schedule from the MIS Manager. It shall be the responsibility of the 
Project Manager to complete the database checklist (Attachment A) to support the level of effort and 
schedule estimate and to facilitate database preparation and subroutine execution. 

Risk Assessment Department Manager  - It shall be the responsibility of the Risk Assessment 
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP 
as necessary, and to take corrective action if necessary. Monitoring of the process shall be completed on 
a quarterly basis. 
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Quality Assurance Reviewers-  It shall be the responsibility of the Quality Assurance Reviewers to verify 
the completeness of the sample results via review of the Chain-of-Custody Forms and Sample Tracking 
Summaries. It shall be the responsibility of the Quallty Assurance Reviewers to ensure the correctness of 
the database via direct comparison of the hardcopy printout of the database and the hardcopy summaries 
of the original analytical data (e.g., Form Is provided in data validation deliverables). Correctness includes 
the presence of all relevant sample information (all sample information fields), agreement of the laboratory 
and database analytical results, and the presence of data validation qualifiers. 

Quality Manager - It shall be the responsibility of the Quality Manager to monitor compliance with this 
Standard Operating Procedure,via routine audits. 

	

5.0 	PROCEDURES 

	

5.1 	Introduction 

Verification of the accuracy and completeness of an electronic database can only be accomplished via 
comparison of a hardcopy of the database with hardcopy of all relevant sample information. The primary 
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to 
Quality Assurance Reviewers; 2) ensure that the Quality Assurance review is completed in a consistent 
and comprehensive manner, and; 3) ensure that documentation of the Quality Assurance review process 
is maintained in the project file. 

5.2 	File Establishment 

A Database Record file shall be established for a specific project at the discretion of the Project Manager. 
Initiation of the filing procedure will commence upon receipt of the first set of Chain-of-Custody documents 
from a FOL or sampling technician. The Database Record Custodian shall establish a project-specific file 
for placement in the Database Record File. Each file in the Database Record File shall consist of 
standard components placed in the file as the project progresses. Each file shall be clearly labeled with 
the project number, which shall be placed on the front of the file drawer and on each and every hanging 
file folder relevant to the project. The following constitute the minimum components of a completed file: 

Electronic Deliverables 
Sample Tracking Forms 
Chain-of-Custody Forms 
Data Validation Letters 
Quality Assurance Records 

5.3 	Electronic Deliverables 

The format of electronic deliverables shall be specified in the laboratory procurement specification and 
shall be provided by the laboratory. The integrity of all original electronic data deliverables shall be 
maintained. This shall be accomplished via the generation of copies of each electronic deliverable 
provided by the laboratory. The original electronic deliverable shall be provided to the project manager for 
inclusion in the project file. A copy of the original electronic deliverable shall be placed in the Database 
Record File. The second copy shall be maintained by the MIS Manager (or designee) to be used as a 
working copy. 
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5.4 	Sample Tracking Forms 

Updated versions of the sample tracking form for each relevant project shall be maintained by the 
Database Record Custodian. The Sample Tracking Forms shall be updated any time additional Chain-of-
Custody Forms are received from a FOL or sampling technician, or at any time that data are received from 
a laboratory, or at any time that validation of a given data package (sample delivery group) is completed. 
The Data Validation Coordinator shall inform the Database Record Custodian of the receipt of any data 
packages from the laboratory and of completion of validation of a given data package to facilitate updating 
of the Sample Tracking Form. The Database Record Custodian shall place a revised copy of the Sample 
Tracking Form in the Database Record File anytime it has been updated. Copies of the updated Sample 
Tracking Form shall also be provided to the project manager to apprise the project manager of sample 
package receipt, completion of validation, etc. 

5.5 	Chain-of-Custody Forms 

The Chain-of-Custody Forms for all sampling efforts will be used as the basis for (1) updating the Sample 
Tracking Form, and (2) confirming that all required samples and associated analyses have been 
completed. It shall be the responsibility of the FOL (or sample technician) to provide a photocopy of all 
Chain-of-Custody Forms to the Database Record Custodian immediately upon completion of a sampling 
effort. The Database Record Custodian shall then place the copies of the Chain-of-Custody Form(s) in 
the Database Record File. Upon receipt of a sample data package from an analytical laboratory, the Data 
Validation Coordinator shall provide a copy of the laboratory Chain-of-Custody Form to the Database 
Record Custodian. The Database Record Custodian shall use this copy to update the Sample. Tracking 
Summary and shall place the copy of the laboratory-provided Chain-of-Custody Form in the.  Database 
Record File. The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the 
previously filed field copy. Upon receipt of all analytical data, two copies of the Chain-of-Custody will 
therefore be in the file. Review of the Chain-of-Custody Forms will therefore be a simple mechanism to 
determine if all data have been received. Chain-of-Custody is addressed in SOP SA-6.1. 

5.6 	Data Validation Letters 

All data validation deliverables (or raw data summaries if validation is not conducted) shall be provided for 
inclusion in both the Database Record File and the project file. If USEPA regional- or client-specific 
requirements are such that Form Is (or similar analytical results) need not be provided with the validation 
deliverable, copies of such results must be appended to the deliverable. It is preferable, although not 
essential that the validation qualifiers be hand-written directly on the data summary forms. The data 
validation deliverables (and attendant analytical summaries) will provide the basis for direct comparison of 
the database printout and the raw data and qualifiers. 

5.7 	Historical Data 

At the direction of the Project Manager, historical data may also be included in a project-specific analytical 
database. in the event that historical data are germane to the project, hardcopy of the historical data must 
be included in the Database Record File. Historical data may be maintained in the form of final reports or 
as raw data. The information contained in the historical data file must be sufficient to identify its origin, its 
collection date, the sample location, the matrix, and any and all other pertinent information. All available 
analytical data, Chain-of-Custody Forms, boring logs, well construction logs, sample location maps, shall 
be photocopied by the Project Manager (or designee) and placed in one or more 3-ring binders. All 
information shall be organized chronologically by matrix. It shall be the responsibility of the Project 
Manager (or designee) to ensure that all inconsistencies between analytical data, Chain-of-Custody 
Forms, boring logs, sample log sheets, and field logbooks are identified and corrected. The Project 
Manager (or designee) shall decide which nomenclature is appropriate and edit, initial and date all 
relevant forms. Data entry may only be performed on information that has undergone the aforementioned 
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editing process, thereby having a direct correlation between hardcopy information and what will become 
the electronic database. 

6.0 	RECORDS 

Records regarding database preparation and quality assurance review include all those identified in the 
previous section. Upon completion of the database task, records from the file will be forwarded to the 
Project Manager for inclusion in the project file, or will be placed in bankers boxes (or equivalent) for 
storage. The final records for storage shall include the following minimum information on placards placed 
on both the top and end of the storage box: 

Database Record File 
PROJECT NUMBER: 	 
SITE NAME: 	 
DATE FILED: / / 
SUMMARY OF CONTENTS ENCLOSED 
BOX _ OF _ 

Project- or program-specific record keeping requirements shall take precedence over the record keeping 
requirements of this SOP. 
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MIS:REQUEST FORM 
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Project Name: Request Date: 
CTO: 	 Date Data Available for Production: 
Project Manager: 	 I 	 Request in Support of: 
Requestor: 	Database Lead: 
Program/Client: 	GIS Lead: 
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1.0 	PURPOSE 

The purpose of this procedure is to provide reference information regarding the proper methods for 
evaluating the physical condition and project utility of existing monitoring wells and determining water 
levels. 

	

2.0 	SCOPE 

The procedures described herein are applicable to all existing monitoring wells and, for the most part, are 
independent of construction materials and methods. 

	

3.0 	GLOSSARY 

Hydraulic Head - The height to which water will rise in a well. 

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric 
pressure (i.e., the pressure head is zero). 

	

4.0 	RESPONSIBILITIES 

Site Geolodist/Hydrogeoloqist - Has overall responsibility for the evaluation of existing wells, obtaining 
water level measurements and developing groundwater contour maps. The site geologist/hydrogeologist 
(in concurrence with the Project Manager) shall specify the reference point from which water levels are 
measured (usually a specific point on the upper edge of the inner well casing), the number and location of 
data points which shall be used for constructing a contour map, and how many complete sets of water 
levels are required to adequately define groundwater flow directions (e.g., if there are seasonal variations). 

Field Personnel - Must have a basic familiarity with the equipment and procedures involved in obtaining 
water levels and must be aware of any project-specific requirements or objectives. 

	

5.0 	PROCEDURES 

Accurate, valid and useful groundwater monitoring requires that four important conditions be met: 

Proper characterization of site hydrogeology. 

• Proper design of the groundwater monitoring program, including adequate numbers of wells installed 
at appropriate locations and depths. 

• Satisfactory methods of groundwater sampling and analysis to meet the project data quality objectives 
(DQ0s). 

• The assurance that specific monitoring well samples are representative of water quality conditions in 
the monitored interval. 

To insure that these conditions are met, adequate descriptions of subsurface geology, well construction 
methods and well testing results must be available. The following steps will help to insure that the 
required data are available to permit an evaluation of the utility of existing monitoring wells for collecting 
additional samples. 
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5.3 	Water Level (Hydraulic Head) Measurements 

5.3.1 	General 

Groundwater level measurements can be made in monitoring wells, private or public water wells, 
piezometers, open boreholes, or test pits (after stabilization). Groundwater measurements should 
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling 
activities are to occur, groundwater level measurements shall take place prior to well purging or sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet 
(Attachment B), along with the date and time of the reading. The total depth of the well shall be measured 
and recorded, if not already known. Weather changes that occur over the period of time during which 
water levels are being taken, such as precipitation and barometric pressure changes, should be noted. 

In measuring groundwater levels, there shall be a clearly-established reference point of known elevation, 
which is normally identified by a mark on the upper edge of the inner well casing. To be useful, the 
reference point should be tied in with an established USGS benchmark or other properly surveyed 
elevation datum. An arbitrary datum could be used for an isolated group of wells, if necessary. 
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Cascading water within a borehole or steel well casings can cause false readings with some types of 
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil 
layers and true depth to groundwater, if required. 

Water level readings shall be taken regularly, as required by the site geologist/hydrogeologist. Monitoring 
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction with a 
tidal chart (or preferably in conjunction with readings of a tide staff or tide level recorder installed in the 
adjacent water body); the frequency of such readings shall be established by the site hydrogeologist. All 
water level measurements at a site used to develop a groundwater contour map shall be made in the 
shortest practical time to minimize affects due to weather changes. 

5.3.2 	Water Level Measuring Techniques 

There are several methods for determining standing or changing water levels in boreholes and monitoring 
wells. Certain methods have particular advantages and disadvantages depending upon well conditions. A 
general description of these methods is presented, along with a listing of various advantages and 
disadvantages of each technique. An effective technique shall be selected for the particular site 
conditions by the site geologist/hydrogeologist. 

In most instances, preparation of accurate potentiometric surface maps require that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, electrical water level indicator methods have been found to be best, and thus should be 
utiliZed. Other, less precise methods, such as the popper or bell sound, or bailer line methods, should be 
avoided. When a large number of (or continuous) readings are required, time-consuming individual 
readings are not usually feasible. In such cases, it is best to use a pressure transducer. 

5.3.3 	Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed in 
each case. The proper sequence is as follows: 

1. 	Check operation of recording equipment above ground. Prior to opening the well, don personal 
protective equipment, as required. Never remove an air-tight lock (such as a J-plug) with your 
face over the well. Pressure changes within the well may explosively force the cap off once 
loosened. 

Record all information specified below in the geologist/hydrogeologist's field notebook or on the 
Groundwater Level Measurement Sheet (Attachment B): 

• Well number. 
• Water level (to the nearest 0.01 foot). Water levels shall be taken from the surveyed 

reference mark on the top edge of the inner well casing. If the J-plug was on the well very 
tightly, it may take several minutes for the water level to stabilize. 

• Time and day of the measurement. 
• Thickness of free product if present. 

Water level measuring devices with permanently marked intervals shall be used. The devices shall be 
free of kinks or folds which will affect the ability of the equipment to hang straight in the well pipe. 
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5.3.4 	Water Level Measuring Devices 

Electric Water Level Indicators 

These are the most commonly used devices and consist of a spool of small-diameter cable and a 
weighted probe attached to the end. When the probe comes in contact with the water, an electrical circuit 
is closed and a meter, light, and/or buzzer attached to the spool will signal the contact. 

There are a number of commercial electric sounders available, none of which is entirely reliable under all 
conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the water, 
groundwater with high specific conductance, water cascading into the well, steel well casing, or a turbulent 
water surface in the well, measuring with an electric sounder may be difficult. 

For accurate readings, the probe shall be lowered slowly into the well adjacent to the survey mark on the 
inner well casing. The electric tape is read (to the nearest 0.01 ft.) at the measuring point and recorded 
where contact with the water surface was indicated. 

Borehole Geophysics 

Approximate water levels can be determined during geophysical logging of the borehole (although this is 
not the primary purpose for geophysical logging and such logging is not cost effective if used only for this 
purpose). Several logging techniques will indicate water level. Commonly-used logs which will indicate 
saturated/unsaturated conditions include the spontaneous potential (SP) log and the neutron log. 

• 
5.3.5 	Data Recording 

Water level measurements, time, data, and weather conditions shall be recorded in the 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet. All water 
level measurements shall be measured from a known reference point. The reference point is generally a 
marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The 
exact reference point shall be marked with permanent ink on the casing since the top of the casing may 
not be entirely level. It is important to note changes in weather conditions because changes in the 
barometric pressure may affect the water level within the well. 
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5.3.6 	Specific Quality Control Procedures for Water Level Measuring Devices 

All groundwater level measurement devices must be cleaned before and after each use to prevent cross 
contamination of wells. Manufacturer's instructions for cleaning the device shall be strictly followed. 
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded in the field 
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered in 
the field logbook/notebook, the corrected readings shall be entered onto the Groundwater Level 
Measurement Sheet (Attachment B). Elevations will be entered on the sheet when they become available. 

5.4 	Equipment Decontamination 

Equipment used for water level measurements provide a mechanism for potentially cross contaminating 
wells. Therefore, all portions of a device which project down the well casing must be decontaminated prior 
to advancing to the next well. Decontamination procedures vary based on the project objectives but must 
be defined prior to conducting any field activities including the collection of water level data. Consult the 
project planning documents and SA-7.1 Decontamination of Field Equipment. 

5.5 	Health and. Safety Considerations 

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space 
inside the well pipe. The release of this air when the well is initially opened is a health/safety hazard which 
must be considered. Initial monitoring of the well headspace and breathing zone concentrations using a 
PID or FID shall be performed to determine required levels of protection. Under certain conditions, air-
tight well caps may explosively fly off the well when the pressure is relieved. Never stand directly over a 
well when uncapping it. 

6.0 	RECORDS 

A record of all field procedures, tests and observations must be recorded in the site logbook or designated 
field notebook. Entries in the log/notebook should include the individuals participating in the field effort, 
and the date and time. The use of annotated sketches may help to supplement the evaluation. 
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1.0 	PURPOSE 

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and 
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to 
obtain soil, both surface and subsurface, and rock samples during field sampling activities. 

	

2.0 	SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

The sampling methods described within this procedure are applicable to collecting surface and 
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation, 
excavation/foundation design, remedial alternative design and related civil engineering purposes. 

	

3.0 	GLOSSARY 

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil is 
obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-studded 
drill bit which is advanced with a hydraulic rotary drilling machine. 

Project Manager - In consultation with the project geologist, the Project Manager is responsible for 
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful 
given the study objectives and the known or suspected geologic conditions at the site. The Project 
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings 
and well development water, as well as any specialized supplies or logistical support required for the 
drilling operations. 

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of 
drilling activities, and is strongly supported by the project geologist. 

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling 
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log 
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent 
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often 
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final location 
for drilling must be properly documented on the boring log. The general area in which the borings are to 
be located will be shown on a site map included in the Work Plan and/or Sampling and Analysis Plan. 
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling 
permits and clearances, and supplying all services (including labor), equipment and material required to 
perform the drilling, testing, and well installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subcontracts. 

The driller must report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in field 
procedures, describing and justifying such changes. No such changes shall be made unless requested 
and authorized in writing by the FOL (with the concurrence of the Project Manager). Depending on the 
subcontract, the Project Manager may need to obtain written authorization from appropriate administrative 
personnel before approving any changes. 

The drilling subcontractor is responsible for following decontamination procedures specified in the project 
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment, 
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open 
borings. 

	

5.0 	PROCEDURES 

	

5.1 	General  

The purpose of drilling boreholes is: 

• To determine the type, thickness, and certain physical and chemical properties of the soil, water and 
rock strata which underlie the site. 

• To install monitoring wells or piezometers. 

All drilling and sampling equipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally 
advisable to drill borings at "clean" locations first, and at the most contaminated locations last, to reduce 
the risk of spreading contamination between locations. All borings must be logged by the site geologist as 
they proceed (see SOPs SA-6.3 and GI-I-1.5). Situations where logging would not be required would 
include installation of multiple well points within a small area, or a "second attempt" boring adjacent to a 
boring that could not be continued through resistant material. In the latter case, the boring log can be 
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geologist 
should still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered 
at the original location. If significant differences are seen, each hole should be logged separately. 

	

5.2 	Drilling Methods 

The selected drilling methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be 
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the 
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range 
of different drilling methods applicable to the proposed program should be identified with final selection 
based on relative cost, availability, time constraints, and how well each method meets the sampling and 
testing requirements of the individual drilling program. 
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5.2.1 	Continuous-Flight Hollow-Stem Auger Drilling 

This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is relatively quick and inexpensive. 
Advantages of this type of drilling include: 

• Samples can be obtained without pulling the augers out of the hole. However, this is a poor method 
for obtaining grab samples from thin, discrete formations because of mixing of soils which occurs as 
the material is brought to the surface. Sampling of such formations requires the use of split-barrel or 
thin-wall tube samplers advanced through the hollow core of the auger. 

• No drilling fluids are required. 
• A well can be installed inside the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and limitations of this method of drilling include: 

• Augering can only be done in unconsolidated materials. 

• The inside diameter of hollow stem augers used for well installation should be at least 4 inches 
greater than the well casing. Use of such large-diameter hollow-stem augers is more expensive than 
the use of small-diameter augers in boreholes not used for well installation. Furthermore, the density 
of unconsolidated materials and depths become more of a limiting factor. More friction is produced 
with the larger diameter auger and subsequently greater torque is needed to advance the boring. 

The maximum effective depth for drilling is 150 feet or less, depending on site conditions and the size 
of augers used. 

In augering through clean sand formations below the water table, the sand will tend to flow into the 
hollow stem when the plug is removed for soil sampling or well installation. If the condition of 
"running" or "flowing" sands is persistent at a site, an alternative method of drilling is recommended, 
in particular for wells or boreholes deeper than 25 feet. 

Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods require the 
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. With 
these other methods, great care must be taken to ensure that the method does not interfere with the 
collection of a representative sample (which may be the prime objective of the borehole construction). 
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (HSA) is: 

- Cable tool 
Casing drive (air) 
Air rotary 

- Mud rotary 
Rotosonic 

- Drive and wash 
- Jetting 

However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases, 
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally 
acceptable as a first substitute for HSA. 

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
applicable ASTM Standards: D1587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall 
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also be followed. 	The hollow-stem auger may be advanced by any power-operated drilling machine 
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine 
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock 
coring. 

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for well 
installation. 	However, when drilling below the water table, specially designed plugs which allow passage 
of formation water but not solid material shall be used (see Reference 1 of this guideline). 	This drilling 
configuration method also prevents blow back and plugging of the auger when the plug is removed for 
sampling. 

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water 
table, to prevent blowback and plugging of the auger. 	If water is added to the hole, it must be sampled 
and analyzed to determine if it is free from contaminants prior to use. 	In addition, the amount of water 
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during 
well development must be carefully logged in order to ensure that a representative sample of the 
formation water can be obtained. 	Well development should occur as soon after well completion as 
practicable (see SOP GH-2.8 for well development procedures). 	If gravelly or hard material is 
encountered which prevents advancing the auger to the desired depth, augering should be halted and 
either driven casing or hydraulic rotary methods should be attempted. 	If the depth to the bedrock/soil 
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be 
conducted (see Section 5.2.9). 

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of the auger, a new boring can be attempted. 	The original boring 
must be properly backfilled and the new boring started a short distance away at a location determined by 
the site geologist. If multiple water bearing strata were encountered, the original boring must be grouted. 
In some formations, it may be prudent to also grout borings which penetrate only the water table aquifer, 
since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the 
water table. Backfilling requirements may also be driven by state or local regulations. 
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In addition to the drilling method required to accomplish the objectives of the field program, the type of 
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be an 
additional deciding factor in planning the drilling program. The types of vehicles available are extensive, 
and depend upon the particular drilling subcontractor's fleet. Most large drilling subcontractors will have a 
wide variety of vehicle and drill types suited for most drilling assignments in their particular region, while 
smaller drilling subcontractors will usually have a fleet of much more limited diversity. The weight, size, 
and means of locomotion (tires, tracks, etc.) of the drill rig must be selected to be compatible with the site 
terrain to assure adequate mobility between borehole locations. Such considerations also apply to 
necessary support vehicles used to transport water and/or drilling materials to the drill rigs at the borehole 
locations. When the drill rigs or support vehicles do not have adequate mobility to easily traverse the site, 
provisions must be made for assisting equipment, such as bulldozers, winches, timber planking, etc., to 
maintain adequate progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

• Totally portable drilling/sampling equipment, where all necessary components (tripods, samplers, 
hammers, catheads, etc.) may be hand carried to the borehole site. Drilling/sampling methods used 
with such equipment include: 

Hand augers and lightweight motorized augers. 
- Retractable plug samplers--driven by hand (hammer). 

Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead mounted on 
one leg, used to install small-diameter cased borings. This rig is sometimes called a "monkey on 
a stick." 

• Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift hammers and 
drill string), a pump, and a dismounted tripod. The skid is pushed, dragged, or winched (using the 
cathead drum) between boring locations. 

• Small truck-mounted drilling equipment using a Jeep, stake body or other light truck (4 to 6 wheels), 
upon which are mounted the drill and/or a cathead, a pump, and a tripod or small drilling derrick. On 
some rigs, the drill and/or a cathead are driven by a power take-off from the truck, instead of by a 
separate engine. 

• Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle used has 
wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all terrain vehicle" is 
also modified for this purpose. Some types of tracked drill rigs are called "bombardier" or "weasel" 
rigs. 

• Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to transport the 
drill, derrick, winches, and pumps or compressors. The drill may be provided with a separate engine 
or may use a power take-off from the truck engine. Large augers, hydraulic rotary and reverse 
circulation rotary drilling equipment are usually mounted on such heavy duty trucks. For soft-ground 
sites, the drilling equipment is sometimes mounted on vehicles having low pressure, very wide 
diameter tires and capable of floating; these vehicles are called "swamp buggy" rigs. 
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5.2.12 	Equipment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will fit properly in the boring or well. 

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging 
from 2 inches to 3-1/2 inches in outside diameter. However, the most commonly used size is the 
2-inch 0.0., 1-3/8-inch I.D. split-barrel sampler. When this sampler is used and driven by a 140-pound 
(± 2-pound) hammer dropping 30 inches (± 1 inch), the procedure is called a Standard Penetration Test, 
and the blows per foot required to advance the sampler into the formation can be correlated to the 
formation's density or strength. 

In planning the diilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples 
or diamond core drilling will be performed, refer to the various sizes and clearances provided in 
Attachment A of this guideline. Sizes selected must be stated in the project plan documents. 

5.2.13 	Estimated Drilling Progress 

To estimate the anticipated rates of drilling progress for a site, the following must be considered: 

• The speed of the drilling method employed. 

• Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions in 
bouldery soils, rubble fill or broken rock, etc.). 

• Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 
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Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development 
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling 
methods: 

Average Daily Progress 
(linear feet) 

Drilling Method 

Rutusonic 	D. ark .g 

-Solid-stem 	augers 50' 

Reverse-Gireuletien-Retary 	 ---4044Guttings-sarnples) 

Skid-Rig-with-driven-easing 

Coble 	Tool 

Centinuouo Rock Coring 50' 

Rotary 	with driven casing 

—1-90L-1-60L-(eentinueus-eere) 

30'  
50' 
30' 

5.3 	Prevention of Cross-Contamination 

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated 
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to a 
confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method similar 
to the rock coring method described in Section 5.2.10, except that larger casing is used) or by using a 
driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel well 
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch 
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch 
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole. 
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the boring 
is drilled Utilizing a narrower diameter spun or driven casing technique within the outer well casing. A 
smaller diameter well casing with an appropriate length of slotted screen on the lower end, is installed to 
the surface. 

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure-grouted 
or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean material and 
grouted at the surface, or it is grouted all the way to the surface. 

5.4 	Cleanout of Casing Prior to Sampling  

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 
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For disturbed samples both above and below the water table and where introduction of relatively large 
volumes of wash water is permissible, the cleaning operation is usually performed by washing the 
material out of the casing with water; however, the cleaning should never be accomplished with a strong, 
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom of 
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom 
with the water still flowing, until the wash water coming out of the casing is clear of granular soil particles. 
In formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly 
raise and lower the drill rods and wash bit while washing out the hole, to surge these large particles 
upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-barrel 
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below 
the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball check 
valve has been removed, in some formations it may be necessary to install a flap valve or spring sample 
retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the 
hole. The use of jet-type chopping bits is discouraged except where large boulders and cobbles or hard-
cemented soils are encountered. If water markedly softens the soils above the water table, clean out 
should be performed dry with an auger. 

For undisturbed samples below the water table, or where wash water must be minimized, clean out is 
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at the 
bottom to carry loose material up into the auger, and up-turned water jets just above the cutting blades to 
carry the removed soil to the surface. In this manner, there is a minimum of disturbance at the top of the 
material to be sampled. If any gravel material washes down into the casing and cannot be removed by 
the clean out auger, a split-barrel sample can be taken to remove it; bailers and sandpumps should not be 
used. For undisturbed samples above the groundwater table, all operations must be performed in a dry 
manner. 

If all of the cuttings created by drilling through the overlying formations are not cleaned from the borehole 
prior to sampling, some of the problems which may be encountered during sampling include: 

• When sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler 
may become filled with the cuttings. This limits the amount of sample from the underlying formation 
which can enter and be retained in the sampler, and also raises questions as to the validity of the 
sample. 

If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, these may 
block the bit of the sampler and prevent any materials from the underlying formation from entering the 
sampler when the sampler is advanced. 

• In cased borings, should sampling be attempted through cuttings which remain in the lower portion of 
the casing, these cuttings could cause the sampler to become bound into the casing, such that it 
becomes very difficult to either advance or retract the sampler. 

• When sampler blow counts are used to estimate the density or strength of the formation being 
sampled, the presence of cuttings in the borehole will usually give erroneously high sample blow 
counts. 

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the site geologist measure the "stickup" of the drill string. This is accomplished by 
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered 
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the 
height of this reference point above the ground surface. The difference of these measurements is the 
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depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be 
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled). If 
the length of drill string below grade is more than the drilled or casing depth, the borehole has been 
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill 
string below grade is less than the drilled or casing depth, the difference represents the thickness of 
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be left in the 
borehole with little or no problem. However, if more than a few inches of cuttings are encountered, the 
borehole must be recleaned prior to attempting sampling. 

	

5.5 	Materials of Construction 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced in SOP GH-2.8. However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness of soil and ground water samples. 

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long-term 
monitoring wells, but the early time data in time series collection of ground water data may then be 
suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete written 
justification including methods and procedures for their use must be provided by the site geologist and 
approved by the Project Manager. The specific slurry composition and the concentration of suspected 
contaminants for each site must be known. 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels, 
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in the 
field by the judgment of the site geologist and noted in the site logbook, and only after approval by the 
Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based greases, 
etc. will not be permitted. Samples of lubricants used must be provided and analyzed for chemical 
parameters appropriate to the given site. 

	

5.6 	Subsurface Soil Samples 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition of 
the actual migration of contaminants can be obtained through chemical analysis of the soil samples. 
Where the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction activities be 
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit 
weight, and moisture content are some of the physical characteristics that may be determined for soil 
samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various physical 
and engineering parameters such as relative density, unconfined compressive strength, and consolidation 
characteristics of soils. 

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core 
soil sampling and rock coring are discussed below. The procedures described here are representative of 
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a larger number of possible drilling and sampling techniques. 	The choice of 
large number of variables such as cost, local geology, etc. 	The final choice 
with the assistance of drilling subcontractors familiar with the local geologic 
techniques must be based upon the underlying principles of quality assurance 
procedures. 

The CME continuous sample tube system provides a method of sampling soil 
stem augering. 	The 5-foot sample barrel fits within the lead auger of a hollow 
sampling system can be used with a wide range of I.D. hollow-stem augers 
8-1/4-inch 1.D.). This method has been used to sample many different materials 
clays and shales, mine tailings, etc. This method is particularly used when SPT 
and a large volume of material is needed. Also, this method is useful when 
subsurface lithology is required. Rotosonic drilling methods also provide a continuous 
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FIGURE 1 

STANDARD SIZES OF CORE BARRELS AND CASING 

oring Bit Size Nominal* Set Size* 

Q.D. I.D. O.D. I.D. 

RWT 1 5/32 3/4 1.160 0.735 

EWT 1 1/2 29/32 1.470 0.905 

EX, EXL, EWG, 1 1/2 13/16 1.470 0.845 

AWT 1 7/8 1 9/32 1.875 1.281 

AX, AXL, AWG, A 1 7/8 1 3/16 1.8 1.185 

BWT 2 3/8 1 3/4 , 5 1.750 

BX, BXL, BWG, BWM 2 3/8 1 5/8 2.345 1.655 

NWT 3 2 5/16 2.965 2.313 

NX, NXL, NWG, NWM 3 2 1/8 2.965 2.155 

HWT 3 9/32 3 3/16 3.889 3.187 

HWG 3 2' 32 3 3.889 3.000 

2 3/4 x 3 7/8 3 7/ 2 	4 3.840 2.690 

4 x 5 1/2 5 1/2 4 5.435 3.970 

6 x 7 3/4 7 3/4 6 7.655 5.970 

AX Wire line 	I 	/ 1 7/8 1 1.875 1.000 

BX Wire line 	1 	/ 2 3/8 1 7/16 2.345 1.437 

NX Wire line 	I 	/ 3 1 	5/16 2.965 1.937 

* 	All dimensions are in inche-, to convert to millim 	ers, multiply by 25.4. 
_I___/ Wire line dimensions . d designations may vary -ccording to manufacturer. 
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URE 1 

ST 	DARD SIZES OF CORE BARRELS AND CASING 

PAGE 	0 

Size Des 	nations 

• 
Casing  
0.D., 

Inches 

Casing 
Coupling 

Casing 
bit 0.D., 
Inches 

Core 
barrel 

bit 0.D., 
Inches* 

Drill rod 
0.D., 

Inc 

Appro imate Core 
P iameter 

Casing; 
Casing 

coupling; 
Casing 

bits; Core 
barrel bits 

Ro - rod 
coup 	s 

0.D., 
Inches 

1.D., 
Inches 

anal, 
Inches 

Thinwall, 
Inches 

RX RW 1.4 1.437 1.188 1.485 1.16 1.094 - 0.735 
EX E 1.812 1.812 1.500 1.875 • 1. 	0 1.313 0.845 0.905 
AX A 2.250 .250 1.906 2.345.  .875 1.625 1.185 1.281 
BX B 2.875 2. 	5 2.375 2.965 2.345 1.906 1.655 1.750 
NX N 3.500 3.50 3.000 3.6 2.965 2.375 2.155 2.313 
HX HW 4.500 4.500 3.938 .625 3.890 3.500 3.000 3.187 
RW RW 1.437 

- c 
.79 
" = 
IL No

  C
ou

pli
ng N

>
  

1.485 1.160 1.094 - 0.735 
EW 

, 
EW 1.812 1.875 1.470. 1.375 0.845 0.905 

AW AW 2.250 2.345 1.875 1.750 1.185 1.281 
BW BW 2.875 .965 2.345 2.125 1.655 1.750 
NW NW 3.500 3.: 	5 2.965 2.625 2.155 2.313 
HW HW 4.500 4.62 ^ 3.890 3.500 3.000 3.187 
PW -- 5.500 5.650 - - - -- 
SW -- 6.6 6.790 -- - - - 
UW --- 7..25 7.800 - - - 
ZW - 8.625 8.810 - - - - 
- AX -- - -- - 1.875 1.750 1.000 - 

-- BX 4 	I - - -- --- 2.345 2.• 50 1.437 - 
- N 	I___\ --- - - - 2.965 2.81' 1.937 - 

* 	All dimensions 
I 	/ Wire 

are in inches; to convert to millimeters, multiply b 	25.4. 
line dimensions and designations may vary according to mane 	cturer. 

FOR DRILL CASINGS AND ACCESSO ' ES. 
DRILL MANUFACTURERS ASSOCIATION). 2::-

D-2889.  

NOMINAL DIMENSIONS 
(DIAMOND CORE 

019611/P 
	

Tetra Tech NUS, Inc. 



• 

Number 
GH-1.3 

Revision 
1 

Subject 
SOIL AND ROCK 
DRILLING METHODS 

Effective Date 
06/99 
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• - 	 • • • - • • • 	•• 	-. . soil sampling-rnethocie, the following WIgen-for-mations-age-esacouater 

-epeittee- 

e barrel of the tiesirAd size After drilling  

g, remove the core barrel immediately. In soft 

eeffifflenty-ffSe€1-free---  • 

--again-eneetifiter-e4.- 

ell-as4lae-Faok--eleatity-designatiewiRQB-)r-E-aelt 
oece-shall-be•-deser-ibedretassifted-,--and-loggecl-esing a-unifor 

eiFatile-to-pFevent-elfying-(e,g,74e-pfevent-sefieliege-ef-eley 
be--wcapped-ici--plastio-skieves-immediately  after  

4:14498frand-the— 

.noludedres-well-as-clesignating-the-togi-anci4aettem-44he 
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-After sampling-TT-oak -cores-shatl-be-plaoecl-in 

,ErHeest-i2-4-1-inea-F-feet-pf-oece-in--Paws-al;-apppaximately--5-feat-ea 
tops-see-wed 	with-ser-ewsrefid-e-latolviusually-a-heek-a 
Wood-partitions_shalLbe placed at the end of_each Mire n uiarld between Lows  

Thadepth-lcora-the_surface--of-thP—b 
maflieel-pn-444e-wooden-partition 
the-entl-ef-eaeh-F+J-a-with t 
seperete-suseessive-per-e-rufts-and-ind-ioate-depth-iatefvals-foF-eaoh-Fuet,--The-er-der-raf-plaeifig-eeFee-eftell 

-be-the-sam 
the insido of the lid facing the cbsaruer, the inpof the cared interval contained within the hny is in the  
upper -left corner-of--the--box;-aad-4h  
The-top-aftts1--betztem-ef-eash-se 

T-140-ittaide-and-outaida-of-tha-coga.box-lid-shall 
442ty:-8-49 

• —Projeet-rrarne7-  
• Project number. 
• -Befieg-F14:1ffttEteR 
• Riin nirmhers  
• For,tago (idsTtlas). 
• 	 
• --R416144). 

.•!! 	 _.•t• 

-ifteleele-pfejeet-Ruffiberr  befieg-Fiktalbecrtep-atiii-betteca-Elepths-e‘eere-and-bea-Rufflktef-. 

6.0 
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ATTACHMENT A 

DRILLING EQUIPMENT SIZES 

Drilling Component Designation or 
Hole Size (Inches) 

O.D. 
(Inches) 

I.D. 
(Inches) 

Coupling I.D. 
(Inches) 

Hollow-stem augers (Ref. 7) 6 1/4 5 2 1/4 
6 3/4 5 3/4 2 3/4 --- 
7 1/4 6 1/4 3 1/4 -- 
13 1/4 12 • 6 — 

all 	Tube 	Samplers 
(Ref. 7) 

2 1 7/8 - 

2'______..._22---2-378 — 
2 7/8 

 
3 

_....----- ----'-- ---3-142-......_,  3 3/8  
4 1/2 — 

5 4 3/4 --______„.1  
Drill Rods (Ref. 7) RW 1 3/32 23/32 13/32 

EW 1 3/8 15/16 7/16 
AW 1 3/4 1 	1/4 5/8 
BW 2 1/8 -1 3/4 3/4 
NW 2 5/8 2 1/4 1 3/8 
HW 3 1/2 3 1/16 2 3/8 
E 1 5/16 7/8 7/16 
A 1 5/8 1 	1/8 9/16 

B 1 7/8 1 	1/4 5/8 
N 23/8 2 1 

Wall Thickness 
(Inches) 

External Coupled Extra 
Strong S e- 	asing (Ref. 8) 

2 1/2 2.875 2.323 0.276 

3 3.5 2.9 0.300 
3 1/2 4.0 .364 0.318 

3.826 0.337 
5 5.63 4.813 0.375 
6 6. 5.761 0.432 

8 8.625 0.500 

10 10.750 9.750 0.500 
ss----- 7:i.50tr.--,.._.__4  

O.D. of the external 

12 12.750 11.750 

* 	Add twice the casing wall thickness to casing O.D. to obtain the approximate 
pipe couplings. 
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. TTACHMENT A 
• - (LUNG EQUIPMENT SIZES 
PA E TWO 

I filling Component Designation or 
Hole Size 
(Inches) 

O.D. 
(Inches) 

I.D. 
(Inches) 

Coupli 	I.D. 
(In 	es) 

Flush 	Co •led 	Casing 
(Ref. 7) 

RX 1 7/16 1 3/16 1 	3/16 

EX 1 	13/16 1 5/8 1 	1/2 

AX 2 1/4 2 1 29/32 

BX 2 7/8 2 9/ • 2 3/8 
NX 31/2 3 ./16 3 
HX 4 1/2 4 1/8 3 15/16 

Flush Joint Casing (Ref. 7) RW 1 7/16 1 3/16 

EW 1 	13/16 1 	1/2  

AW 2 1/4 1 29/32 

zW 2 7/: 2 3/8 

N 3 	/2 3 

HW • 1/2 4 

PW 5 1/2 5 

SW 6 5/8 6 

UW 7 5/8 7 

ZW 8 5/8 8 

Diamond 	Core 	Barrels 
(Ref. 7) 

1 	1/2 7/8** 

• 1 7/8 1 	1/8** 

BWM 2 3/8 1 5/8" 

NWM 3 2 1/8 

HWG 3 7/8 3 

2 3/4 x 3 7/8 37/8 211/16 

4 x 5 1/2 51/2 31 	16 

6 x 7 3/4 7 3/4 5 15/1. 

AQ (wireline) 1 57/64 1 	1/16** 

BQ (wireline) 2 23/64 1 7/16** 

NQ (wireline) 2 63/64 1 7/8 

HQ (wireline) 3 25/32 2 1/2 

** 	: -cause of the fragile nature of the core and the difficulty to identify rock details, use o• 	mall- 	- 
diameter core (1 3/8") is not recommended. 
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1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

	

2.0 	SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology. While experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

	

3.0 	GLOSSARY 

None. 

	

4.0 	RESPONSIBILITIES 

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. 

	

5.0 	PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the field classification system described in this SOP. This identification is based on visual 
examination and manual tests. 

	

5.1 	Materials Needed 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 

• Rock hammer 
• Knife 
• Camera 
• Dilute hydrochloric acid (HCI) 
• Ruler (marked in tenths and hundredths of feet) 
• Hand Lens 

5.2 	Classification of Soils 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is needed. 
Details on filling out the boring log are discussed in Section 5.5. 
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BORING LOG (EXAMPLE) 

BORING LOG 
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5.2.1 	USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies soil types on the basis of grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). 
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) is a common component 
of soil but has no size range; it is recognized by its composition. The careful study of the USCS will aid in 
developing the competence and consistency necessary for the classification of soils. 

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not 
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in 
description, the term rock fragments shall be used to indicate angular granular materials resulting from the 
breakup of rock. The sharp edges typically observed indicate little or no transport from their source area, 
and therefore the term provides additional information in reconstructing the depositional environment of 
the soils encountered. When the term "rock fragments" is used it shall be followed by a size designation 
such as "(1/4 inch D-1/2 inch D)" or "coarse-sand size" either immediately after the entry or in the remarks 
column. The USCS classification would not be affected by this variation in terms. 

	

5.2.2 	Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light 
gray" or "blue-gray." Since color can be utilized in correlating units between sampling locations, it is 
important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to 
describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term "mottled" shall be used to indicate soils irregularly marked with spots of different colors. Mottling 
in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shall not be used unless specified by the project manager. 

	

5.2.3 	Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type. 
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere 
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3. Those designations are: 
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Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through 
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows it 
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall be 
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications 
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The 
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to 
determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. If 
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil. 
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in 
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 

5.2.4 	Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful in the description of soil: 

Very loose 0 to 4 

Loose 5 to 10 

Dense 31 to 50 

Some 11 - 30 percent 

Designation Standard Penetration 
Resistance 

(Blows per Foot) 

Medium dense 11 to 30 

Very dense Over 50 

Terms of Identifying Proportion of the 
Component 

Trace 

Defining Range of 
Percentages by Weight 

0 - 10 percent 

Adjective form of the soil type (e.g., "sandy") 31 - 50 percent 
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FIGURE 2 

CONSISTENCY FOR COHESIVE SOILS 

Standard 
Penetration 
Resistance 
(Blows per 

Foot) 

0 to 2 
2 to 4 

4 to 8 

8 to 15 

15 to 30 

Over 30 

Unconfined 
Compressive 

Strength 
(Tons/Sq. Foot by 

pocket 
penetration) 

Less than 0.25 
0.25 to 0.50 

0.50 to 1.0 

1.0 to 2.0 

2.0 to 4.0 

More than 4.0 

Field Identification 

Easily penetrated several inches by fist 
Easily penetrated several inches by 
thumb 

Can be penetrated several inches by 
thumb with moderate effort 

Readily indented by thumb but 
penetrated only with great effort 

Readily indented by thumbnail 

Indented with difficulty by thumbnail 

Consistency 

Very soft 
Soft.  

Medium stiff 

Stiff 

Very stiff 

Hard 
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Examples: 

• Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 
• Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 
• Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 
• Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

	

5.2.5 	Moisture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In 
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can 
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's 
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous 
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing 
moisture, it is important that the method used by an individual remains consistent throughout an entire 
drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

	

5.2.6 	Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used for 
stratification description is shown in Figure 3. 

	

5.2.7 	Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of 
the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether the 
particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat 
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g., 
stratified, lensed, nonstratified, heterogeneous varved). 

	

5.2.8 	Summary of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. The 
hierarchy of classification is as follows: 

• Density and/or consistency 
• Color 
• Plasticity (Optional) 
• Soil types 
• Moisture content 
• Stratification 
• Texture, fabric, bedding 
• Other distinguishing features 
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FIGURE 3 

BEDDING THICKNESS CLASSIFICATION 

Thickness 
(Approximate 

English Equivalent) 
> 3.3' 

1.0' - 3.3' 

4"- 1.0' 
1" - 4" 

2/5" - 1" 
1/8" - 2/5" 

1/32" - 1/8" 
<1/32" 

(Weir, 1973 and Ingram, 1954) 

Thickness 
(metric) 

> 1.0 meter 
30 cm -1 meter 
10 cm - 30 cm 
3 cm - 10 cm 
1 cm - 3 cm 
3 mm - 1 cm 

1 mm - 3 mm 
< 1 mm 

Classification 

Massive 
Thick Bedded 

Medium Bedded 
Thin Bedded 
Very Thin Bedded 
Laminated 

Thinly Laminated 
Micro Laminated 
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5.3 	Classification of Rocks 

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the earth's surface. The following basic names are applied to 
the types of rocks found in sedimentary sequences: 

• Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter. 

• Siltstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter. Fractures 
irregularly. Medium thick to thick bedded. 

• Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very 
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores. 

• Shale - A fissile very fine-grained rock. Fractures along bedding planes. 

• Limestone - Rock made up predominantly of calcite (CaCO3). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

• Coal - Rock consisting mainly of organic remains. 

• Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record. The local abundance of any of these rock types is dependent upon the depositional history of 
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types 
found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

• Rock type 
• Color 
• Bedding thickness 
• Hardness 
• Fracturing 
• Weathering 
• Other characteristics 

5.3.1 	Rock Type 

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier. 
Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are slightly 
different than the USCS subdivision for soil classification. For field determination of grain sizes, a scale 
can be used for the coarse grained rocks. For example, the division between siltstone and claystone may 
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains 
cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the 
grains are not distinguishable with a hand lens, the rock is a claystone. 
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FIGURE 4 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

Particle Name Grain Size Diameter 
Cobbles > 64 mm 

Pebbles 4 - 64 mm 

Granules 2 - 4 mm 
Very Coarse Sand 1 - 2 mm 
Coarse Sand 0.5 - 1 mm 
Medium Sand 0.25 - 0.5 mm 
Fine Sand 0.125 - 0.25 mm 

Very Fine Sand 0.0625 - 0.125 mm 
Silt 0.0039 - 0.0625 mm 

After Wentworth, 1922 
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5.3.2 	Color 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 

Rock color charts shall not be used unless specified by the Project Manager. 

	

5.3.3 	Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 

	

5.3.4 	Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the 
rock. A relative scale for sedimentary rock hardness is as follows: 

• Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail. 
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

• Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges 
from single hammer blow. 

• Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from 
single hammer blow. 

• Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be 
scratched with screwdriver. 

Note the difference in usage here of the works "scratch" and "gouge." A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the 
rock itself), while a gouge is much deeper. 

	

5.3.5 	Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing. 
After eliminating drilling breaks, the average spacing is calculated and the fracturing is described by the 
following terms: 

• Very broken (V. BR.) - Less than 2-inch spacing between fractures 
• Broken (BR.) - 2-inch to 1-foot spacing between fractures 
• Blocky (BL.) - 1- to 3-foot spacing between fractures 
• Massive (M.) - 3 to 10-foot spacing between fractures 
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The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQD 
(After Deere, 1964) 

RQD % = r/1 x 100 

r 
	

Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include 
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling), 
friable zones, etc. 

I = 	Total length of the coring run. 

	

5.3.6 	Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles 
and is also useful in engineering designs. The following terms can be applied to distinguish the degree of 
weathering: 

• Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and rock 
has a bright appearance. 

• Slight -Rock has some staining which may penetrate several centimeters into the rock. Clay filling of 
joints may occur. Feldspar grains may show some alteration. 

• Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened due to 
weathering and can be easily broken with hammer. 

• Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of 
becoming a soil. Rock is very weak. 

	

5.3.7 	Other Characteristics 

The following items shall be included in the rock description: 

• Description of contact between two rock units. These can be sharp or gradational. 
• Stratification (parallel, cross stratified). 
• Description of any filled cavities or vugs. 
• Cementation (calcareous, siliceous, hematitic). 
• Description of any joints or open fractures. 
• Observation of the presence of fossils. 
• Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 

degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation. The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 
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5.3.8 	Additional Terms Used in the Description of Rock 

   

 

The following terms are used to further identify rocks: 

    

 

• Seam - Thin (12 inches or less), probably continuous layer. 

   

 

• Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some 
shale seams." 

• Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone few 
shale seams." 

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale." 

 

 

• Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

• Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene. 

• Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-grained 
equivalent of a granite. 

• Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

• Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and hornblende. 

• Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. Loosely 
used for any coarse-grained dark igneous rock. 

The following are some basic names that are applied to metamorphic rocks: 

• Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains 
predominantly chlorite, mica, quartz, and sericite. 

Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage 
surface. 

• Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous 
minerals which dominate its composition. 

• Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

• Quartzite A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of 
quartz sand with silica cement 
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5.4 	Abbreviations 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a minimum. 
Following are some of the abbreviations that may be used: 

Revision 
1 

C 	- Coarse 
Med 	- Medium 
F 	- Fine 
V 	- Very 
SI 	- Slight 
occ 	- Occasional 

Tr 	- Trace 

Lt 	- Light YI 	- Yellow 
BR - Broken Or 	- Orange 
BL 	- Blocky SS 	- Sandstone 
M 	- 

Br 	- 
Massive 

Brown 
Sh 	- Shale 

LS 	- Limestone 
BI 	- Black Fgr - Fine-grained 

5.5 	Boring Logs and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceding sections shall be used to complete-the logs. A sample boring log 
has been provided as Figure 5. 

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring 
log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains 
space for 25 feet of log. Information regarding classification details is provided either on the back of the 
boring log or on a separate sheet, for field use. 

5.5.1 	Soil Classification 

• Identify site name, boring number, job number, etc. Elevations and water level data to be entered 
when surveyed data is available. 

• Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from 
(1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the 
proportional location between the 13- and 14-foot marks. Enter blow counts (Standard Penetration 
Resistance) diagonally (as shown). Standard penetration resistance is covered in Section 5.2.3. 

• Determine sample recovery/sample length as shown. Measure the total length of sample recovered 
from the split-spoon sampler, including material in the drive shoe. Do not include cuttings or wash 
material that may be in the upper portion of the sample tube. 

• Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey silt 
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this 
increment. This information is helpful in the construction of cross-sections. As an alternative, 
symbols may be used to identify each change in lithology. 

• The density of granular soils is obtained by adding the number of blows for the last two increments. 
Refer to Density of Granular Soils Chart on back of log sheet. For consistency of cohesive soils refer 
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the 
appropriate column. Refer to Section 5.2.3. 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 

BORING LOG 
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• Enter color of the material in the appropriate column. 

• Describe material using the USCS. Limit this column for sample description only. The predominant 
material is described last. If the primary soil is silt but has fines (clay) - use clayey silt. Limit soil 
descriptors to the following: 

- Trace: 0 - 10 percent 
- 	Some: 11 - 30 percent 
- 	And/Or: 31 - 50 percent 

• Also indicate under Material Classification if the material is fill or natural soils. Indicate roots, organic 
material, etc. 

• Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic 
groups, a borderline symbol may be used with the two symbols separated by a slash. For example 
MUCL or SM/SP. 

• The following information shall be, entered under the "Remarks" column and shall include, but is not 
limited by, the following: 

Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated. 
These terms are determined by the individual. Whatever method is used to determine moisture, 
be consistent throughout the log. 

- Angularity - describe angularity of coarse grained particles using the terms angular, subangular, 
subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms. 

Particle shape - flat, elongated, or flat and elongated. 

Maximum particle size or dimension. 

Water level observations. 

- 	Reaction with HCI - none, weak, or strong. 

• Additional comments: 

- Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss 
or gain of water. 

- Indicate odor and Photoionization Detector (P1D) or Flame Ionization Detector (FID) reading if 
applicable. 

- Indicate any change in lithology by drawing a line through the lithology change column and 
indicate the depth. This will help when cross-sections are subsequently constructed. 

At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any 
other useful information (i.e., borehole size, casing set, changeS in drilling method). 
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Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to indicate consistency of material from sample to sample, if 
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then 
vertical lines drawn to that point. 

Indicate screened interval of well, as needed, in the lithology column. Show top and bottom of 
screen. Other details of well construction are provided on the well construction forms. 

5.5.2 	Rock Classification 

• Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run 
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet. 
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns. 

• Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1. 

• Rock hardness is entered under designated column using terms as described on the back of the log 
or as explained earlier in this section. 

• Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be 
scraped clean prior to describing color. 

• Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as 
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms 
as needed. For igneous and metamorphic rock types use terms as described in Sections 5.3.8. 

• Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR, 
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log. 

• The following information shall be entered under the remarks column. Items shall include but are not 
limited to the following: 

Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as 
high, low), i.e., 70° angle from horizontal, high angle. 

- Indicate calcareous zones, description of any cavities or vugs. 
- Indicate any loss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

• Remarks at the bottom of Boring Log shall include: 

- Type and size of core obtained. 
Depth casing was set. 

- Type of rig used. 

• As a final check the boring log shall include the following: 

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock 
material. 

- If applicable, indicate screened interval in the lithology column. Show top and bottom of screen. 
Other details of well construction are provided on the well construction forms. 
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5.5.3 	Classification of Soil and Rock from Drill Cuttings 

The previous sections describe procedures for classifying soil and rock samples when cores are obtained. 
However, some drilling methods (air/mud rotary) may require classification and borehole logging based on 
identifying drill cuttings removed from the borehole. Such cuttings provide only general information on 
subsurface lithology. Some procedures that shall be followed when logging cuttings are: 

• Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary 'drilling) to 
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future 
reference, and label the jar or bag (i.e. hole number, depth, date, etc.). Cuttings shall be closely 
examined to determine general lithology. 

• Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

• Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture 
locations or lithologic changes. 

• Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential 
fracture zones. 

• Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock 
core sampling methods be used at selected boring locations during the field investigation to provide 
detailed information to supplement the less detailed data generated through borings drilled using air/mud 
rotary methods. 

5.6 	Review 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include: 

• Checking for consistency of all logs. 
• Checking for conformance to the guideline. 
• Checking to see that all information is entered in their respective columns and spaces. 

6.0 	REFERENCES 

Unified Soil Classification System (USCS). 

ASTM D2488, 1985. 

Earth Manual, U.S. Department of the Interior, 1974. 

7.0 	RECORDS 

Originals of the boring logs shall be retained in the project files. 
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1.0 	PURPOSE 

This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing (slug 
testing) in boreholes and monitoring wells, and provide a short description of commonly used evaluation 
techniques for the data generated. Slug tests are used to provide data regarding the hydraulic properties 
of the formation tested. A variation of the slug test, called a constant-head test, is also briefly described. 

	

2.0 	SCOPE 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring. These tests 
are much less accurate than pumping tests, as a much more localized area is involved. Therefore, a 
number of slug tests are typically performed and averaged to determine a representative hydraulic 
conductivity value for the formation tested. Performance of slug tests may be preferable to pumping tests 
in situations where handling of large volumes of contaminated water is a concern or when time/budget 
constraints preclude the more expensive and time-consuming setup and performance of a pumping test. 

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests 
with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant-head 
tests is that a significant volume of water may be added to high-permeability formations, potentially 
affecting short-term water quality. 

	

3.0 	GLOSSARY 

Hydraulic Conductivity (K) - A quantitative measure of the ability of a porous material to transmit water, 
defined as the volume of water that will flow through a unit cross-sectional area of porous material per unit 
time under a head gradient of 1. Hydraulic conductivity is dependent upon properties of the medium and 
fluid. Common units of expression include centimeters per second (cm/sec), feet per day (ft/day), and 
gallons per day per foot2  (gpd/ft2). 

Transmissivity (T) - A quantitative measure of the ability of an aquifer to transmit water. The product of 
the hydraulic conductivity times the saturated thickness. 

Slug Test - A rising head or falling head test used to measure hydraulic conductivity. A slug test consists 
of instantaneously changing the water level within a well and measuring the rate of recovery of the water 
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising head 
test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug of 
known volume can be used to displace a volume of water, thereby simulating the addition or removal of 
water. 

	

4.0 	RESPONSIBILITIES 

Project Hydrogeologist - The project hydrogeologist, in conjunction with the Project Manager, shall 
evaluate the type(s) and extent of hydraulic testing required for a given project during the planning 
process, and design the field program accordingly. The project hydrogeologist also shall ensure that field 
personnel have the necessary training and guidance to properly perform the tests, and shall oversee data 
reduction activities, including selecting the appropriate evaluation techniques and checking calculations 
for accuracy. 

Revision 

1 
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Field Geologist - The field geologist is responsible for performing the planned field tests as specified in the 
project planning documents, (or approved modifications thereto). The field geologist also generally 
assists in the data evaluation process. The field geologist shall be knowledgeable in the testing 
methodologies used and is responsible for obtaining the necessary support equipment required to perform 
the field tests. All applicable data regarding testing procedures, equipment used, well construction, and 
geologic/hydrogeologic conditions shall be recorded by the field geologist. The field geologist shall be 
familiar enough with testing procedures/requirements to be able to recommend changes in methodology, 
should unanticipated field conditions be encountered. 

	

5.0 	PROCEDURES 

	

5.1 	In-situ Hydraulic Conductivity Testing in Wells 

Slug tests are commonly performed in completed wells. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the 
well has stabilized at its static level, it shall be quickly raised or lowered and the rate of recovery 
measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid 
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent 
volume of water and raise the water level within the well. The slug can be left in place until the water level 
restabilizes at the static water level, then suddenly removed to create a drop in water level within the well. 
An advantage of using a solid cylinder of known volume (slug) to change the water level is that no water is 
removed or added to the monitoring well. This eliminates the need to dispose of contaminated water 
and/or add water to the system. A bailer or pump can be used to withdraw water from the well. If a pump 
is used, pumping shall not continue for more than several seconds so that a cone of depression is not 
created which would adversely impact testing results. The pump hose shall also be removed from the 
well during the recovery period, as data analysis techniques involve volume of recovery versus time, and 
leaving the hose within the well would distort the calculated testing results by altering the apparent volume 
of recovery. Falling head slug tests should only be performed in wells with fully submerged screens, while 
rising head slug tests can be performed in wells with either partially or fully submerged screens/open 
intervals. 

Other methods that can be used to change water levels within a well include creating a vacuum or a high 
pressure environment within the well. The vacuum method will raise water levels within the well, while the 
pressure method will depress the water level in the well. These methods are particularly useful in highly 
permeable formations where other methods are ineffective in creating measurable changes in water 
levels. Both of these methods are limited to wells which have completely submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until 
water level recovery exceeds 90 percent of the initial change in water level. In low permeability 
formations, the test may be cut-off short of 90 percent recovery due to time constraints. Time intervals 
between water level readings will vary according to the rate of recovery of the well. For a moderately fast 
recovering well, water level readings at 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 4.0, . . . 
minutes may be required. With practice, readings at down to 0.05-minute (3 seconds) time intervals can 
be obtained with reasonable accuracy, using a pressure transducer and hand held readout. For wells 
which recover very fast, a pressure transducer and data logger may be required to obtain representative 
data. Time intervals between measurements can be extended for slow recovering wells. A typical 
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schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 
6.0, 8.0, 10.0, 15.0, 20.0, 30.0, . . . minutes from the beginning the test. Measurements shall be taken 
from the top of the well casing. 

Water level measurements can be obtained using an electric water level indicator, popper, or pressure 
transducer. Steel tape coated with chalk or water sensitive paste although very accurate, is a slower 
method of obtaining water levels and is generally not recommended for use due to the frequency at which 
water level measurements need to be obtained during the performance of a slug test. 

Time/recovery should be field-plotted on semilog graph paper to determine the data quality. The data set 
should plot along a sloped, straight line. If excessive data scatter is observed, the test should be rerun 
until acceptable results are obtained. 

The following data shall be recorded when performing slug tests in wells or borings: 

• Well/boring ID number 
• Total depth of well/boring 
• Screened/open interval depth and length 
• Gravel pack interval depth and length 
• Well stickup above ground surface 
• Gravel pack radius 
• Static water level 
• Aquifer thickness 
• Depth to confining layer 
• Time/recovery data 

A variation of the slug test, called a constant-head test, is a test in which water is added to the well at a 
measured rate sufficient to maintain the water level in the well at a constant height above the static water 
level. Once a stable elevated water level has been achieved, discharge (pumping) rate measurements 
are recorded in place of time/recovery data for approximately 10 to 20 minutes. The hydraulic 
conductivity is then calculated from this information. 	The constant-head test is generally not 
recommended for monitoring wells as large volumes of water may be introduced into the screened 
formation, potentially impacting later sampling events. 

5.2 	In-situ Hydraulic Conductivity Testing in Borings 

Slug tests can be performed in borings while the boring is being advanced. This permits testing of 
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled using 
casing, so that discrete depths may be investigated. Various tests and testing methods are described 
below. The most appropriate test and testing method to be used in a situation varies and shall be 
selected after a careful evaluation of drilling, geologic, and general site conditions. 

Rising head or falling head slug tests can be performed in saturated and unsaturated formations during 
drilling. There are two ways that the tests can be performed. One way entails setting the casing flush 
with the bottom of the boring when the desired testing depth has been reached. The hole is then cleaned 
out to remove loose materials, the drill bit and rods are carefully withdrawn from the boring, and a few feet 
of sand (of higher permeability than the surrounding formation) is added to the bottom of the boring. After 
the water level in the boring has stabilized (for saturated formations), the static water level is measured 
and recorded. The water level is then raised (falling head test) or lowered (rising head test) and the 
change in water level is measured at time intervals determined by the field hydrogeologist. Only falling 
head tests can be performed for depth intervals within the unsaturated (vadose) zone. As described for 
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wells, time intervals for water level measurements will vary according to the formation's hydraulic 
conductivity. The faster the rate of recovery expected, the shorter the time intervals between 
measurements shall be. The rate of change of water level will be used to calculate hydraulic conductivity. 
The test is to be conducted until the water level again stabilizes, or for a minimum of 20 minutes. In low 
permeability formations, it is not always practical to run the test until the water level stabilizes, as it may 
take a long time to do so. The top of the casing shall be used as the reference point for all water level 
measurements. 

The second method for conducting a slug test during drilling consists of placing a temporary well with a 
short screen into the cleaned-out boring, pulling the drilling casing back to expose the screen, allowing the 
formation to collapse around the screen (or placing a sand/gravel pack around the screen), and 
performing the appropriate hydraulic conductivity test in the well, as described for the first method. Again, 
the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This method 
allows for testing a larger section of the formation and results in more reliable hydraulic conductivity 
estimates. 

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stable 
elevated level has been achieved, the discharge rate into the boring is measured for a period of time, 
usually 10 to 20 minutes, and the hydraulic conductivity is calculated from this. This method is the most 
accurate method depicted in this section, and shall be given preference over others if the materials are 
available to perform the test and the addition of water to the boring does not adversely impact project 
objectives. Once the test is over, additional information can be gathered by measuring the rate of the 
drop in water level in the boring (for saturated formations). A limitation of the constant-head test is that 
foreign water is introduced into the formation which must be removed from the well area by natural or 
artificial means, before a representative groundwater sample can be obtained. 

Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and subsequent 
data analysis techniques are provided in Ground Water Manual (1981). 

5.3 	Data Analysis 

There are a number of data analysis methods available to reduce and evaluate slug testing data. The 
determination of which method is most appropriate shall be made based on the testing conditions 
(including physical setup of the well/boring tested, hydrogeologic conditions, and testing methodology) 
and the limitations of each test analysis method. Well construction details, aquifer type (confined or 
unconfined), and screened/open interval (fully or partially penetrating the aquifer) shall be taken into 
account in selecting an analysis method. Cooper, et al. (1967), and Papadapulos, et al. (1973) have 
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951) 
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium. In 
Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety of 
hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations. Bouwer and 
Rice (1976) developed an analytical technique applicable to both unconfined and confined conditions, 
which factors in partial/full penetration and discusses well screen gravel pack considerations. The 
Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells and 
borings open above or below the water table, and for both falling head and constant-head tests. The 
methods described above do not represent a complete listing of test analysis methods available, but are 
some of the more commonly used and accepted methods. Other methods can be used, at the discretion 
of the project hydrogeologist and in concurrence with the Project Manager and client. 

One consideration to be noted during data analysis is the determination of the screened/open interval of a 
tested well. If a well with a fully submerged screen is installed in a relatively low permeability formation, 
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and a gravel pack which is significantly more permeable is installed around the screen, the length of the 
gravel pack (if longer than the screened interval) should be used as the screened/open length, rather than 
the screen length itself. In situations where the formation permeability is judged to be comparable to the 
gravel pack permeability (within about an order of magnitude) this adjustment is not required. 

All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project central file. 

	

6.0 	REFERENCES 

Cedergren, H. R., 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York, 
pp. 78-76. 

Cooper, H. H., Jr., J. D. Bredehoeft, and I. S. Papadopulos, 1967. Response of a Finite-Diameter Well to 
an Instantaneous Change of Water. Water Resources Research, V. 3, No. 1, pp. 263-269. 

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Ground Water Observations. U.S. Army Corps 
of Engineers, Waterways Experiment Station, Washington, D.C., Bull. No. 36. 

Papadopulos, I. S., J. D. Bredehoeft, and H. H. Cooper, 1973. On the Analysis of Slug Test Data. Water 
Resources Research, V. 9, No. 4, pp. 1087-1089. 

Bouwer, H. and R. C. Rice, 1976. "A Slug Test for Determining Hydraulic Conductivity of Unconfined 
Aquifers with Completely or Partially Penetrating Wells." Water Resources Research, 12:423-28. 

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing Office, 
Denver, Colorado. 

	

7.0 	RECORDS 

Field data shall be recorded on the data sheet included as Attachment A (or equivalent). 1 Any notes 
regarding testing procedures, problems encountered, and general observations not included on the data 
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction 
diagrams for each well/boring tested shall be used as references during testing and data analysis 
activities. Original data sheets shall be placed in the project file, along with the logbook/notebook. 

1 If an automated data recorder is used, the data may be displayed using the printer output from the unit. Such 
printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A. 
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ATTACHMENT A 
EXAMPLE HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

PROJECT NAME: 	  WELL/BORING NO.: 	  

PROJECT NO.: 
	 GEOLOGIST: 	  

WELL DIAMETER 	  SCREEN LENGTH/DEPTH: 	  TEST NO.: 	  

STATIC WATER LEVEL (Depth/Etiolation): . 
	 DATE: 	  

TEST TYPE (Fileing/FallIng/Constant Head):. 	  CHECKED: 	  

METHOD OF INDUCING WATER LEVEL CHANCE:. 	  PACE OF 	 

REFERENCE PT. FOR Wt. MEAS. (Top of Casing. Transducer. etc.): 	  

ELAPSED 

(min. or sec.) 

MEASURED 
WATER LEVEL 

(feet) 

DRAWDOWN 
OR HEAD OH) 

(feet)  

ELAPSED 
TIME 

(men. or eec.) 

MEASURED 
WATER LEVEL 

DRAWDOWN 
OR HEAD (AH) 

(feet) 

Indicate SWL. 
Depth on Drawing 
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PURPOSE 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

	

2.0 	SCOPE 

This procedure is applicable to the construction of monitoring wells. The methods described herein may 
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory 
agencies have specific regulations pertaining to monitoring well construction and permitting. These 
requirements must be determined during the project planning phases of the investigation, and any 
required permits must be obtained before field work begins. Innovative monitoring well installation 
techniques, which typically are not used, will be discussed only generally in this procedure. 

	

3.0 	GLOSSARY 

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a 
groundwater level and groundwater sample representative of the zone being monitored. Some monitoring 
wells may be constructed as open boreholes. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the bottom 
and to the atmosphere at the top, and used to measure water level elevations. Piezometers may range in 
size from 1/2-inch-diameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to 
the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with 
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection 
and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples for water 
quality data. 

	

4.0 	RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 
experienced and efficient labor force capable of performing all phases of proper monitoring well 
installation and construction. The driller may also be responsible for obtaining, in advance, any required 
permits for monitoring well installation and construction. 

Field Geologist - The field geologist supervises and documents well installation and construction 
performed by the driller, and insures that well construction is adequate to provide representative 
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable 
trained personnel may also serve in this capacity. 
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5.0 	PROCEDURES 

	

5.1 	Equipment/Items Needed 

Below is a list of items that may be needed when installing a monitoring well or piezometer: 

• Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer. 

• Well drilling and installation equipment with associated materials (typically supplied by the driller). 

• Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule, 
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook). 

• Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe 
wrenches, drive points, riser pipe, and end caps). 

	

5.2 	Well Design  

The objectives and intended use for each monitoring well must be clearly defined before the monitoring 
system is designed. Within the monitoring system, different monitoring wells may serve different 
purposes and, therefore, require different types of construction. During all phases of the well design, 
attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials used. The objectives for installing the monitoring wells may include: 

• Determining groundwater flow directions and velocities. 
• Sampling or monitoring for trace contaminants. 
• Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow directions and potential well locations can be determined by an 
experienced hydrogeologist through the review of geologic data and the site terrain. In addition, data from 
production wells or other monitoring wells in the area may be used to determine the groundwater flow 
direction. If these methods cannot be used, piezometers, which are relatively inexpensive to install, may 
have to be installed in a preliminary investigative phase to determine groundwater flow direction. 

5.2.1 	Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of each 
investigation. Specification of these items generally depends on the purpose of the monitoring system 
and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter, 
and monitored interval can be employed in the same groundwater monitoring system. For instance, 
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine 
the vertical gradient and the depths at which contaminants are present. Conversely, a fully penetrating 
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples 
collected in wells that are screened over the full thickness of the water-bearing zone will be representative 
of average conditions across the entire monitored interval. However, fully penetrating wells can be used 
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends 
upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling method and 
cost. 
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The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

The vertical location of the contaminant source in relation to the water-bearing zone. 

The depth, thickness and uniformity of the water-bearing zone. 

The anticipated depth, thickness, and characteristics ( 
	

density relative to water) of the 
contaminant plume. 

Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge 
events). 

The presence and location of contaminants encountered during drilling. 

Whether the purpose of the installation is for determining existence or non-existence of contamination 
or if a particular stratigraphic zone is being investigated. 

The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are 
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on 
the application. In determining well diameter, the following needs must be considered: 

• Adequate water volume for sampling. 
• Drilling methodology. 
• Type of sampling device to be used. 
• Costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 inches. Drive points are typically 1-1/4 or 2 inches in 
diameter. For monitoring programs which require screened monitoring wells, either a 2-inch or 4-inch-
diameter well is preferred. Typically, well diameters greater than 4 inches are used in monitoring 
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, the volume 
of stagnant water in the well is minimized, and well construction costs are reduced; however, the sampling 
devices that can be used are limited. 

In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water 
may be required for a single sample to account for full organic and inorganic analyses, and split samples), 
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water 
contained within a monitoring well is dependent on the well diameter as follows: 

Casing Inside 
Diameter (Inch) 

Standing Water Length to Obtain 
1 Gallon Water (Feet) 

2 6.13 
4 1.53 
6 0.68 

If a well recharges quickly after purging, then well diameter may not be an important factor regarding 
sample volume requirements. 
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Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of 
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during 
drilling or after well installation is completed. 

5.2.2 	Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an 
additional specification of slot size. Thickness of pipe is referred to as "Schedule" for polyvinyl chloride 
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often 
referred to as "Strength". Standard Strength is usually adequate for monitoring well purposes. With larger 
diameter pipe, the wall thickness must be greater to maintain adequate strength. The required thickness 
is also dependent on the method of installation; risers for drive points require greater strength than wells 
installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B. 
Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are 
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity 
for water contamination due to well materials. PVC has many advantages, including low cost, excellent 
availability, light weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC 
may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the 
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an 
important factor when considering the size of bailers or pumps required for sampling or testing. Due to 
this problem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode 
and release metal ions or chemically react with organic constituents, but this is considered a minor issue. 
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and 
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC 
may release organic contaminants into the well, and therefore, should not be used if the well is to be 
sampled for organic constituents. 

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials, 
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally used 
when a screen is necessary, and the annular borehole space around the screened interval is artificially 
packed with an appropriately sized sand, selected based on formation grain size. The slot size controls 
the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen 
shall pass no more than 10 percent of the pack material, or in-situ aquifer material. The site geologist 
shall specify the combination of screen slot size and sand pack which will be compatible with the water-
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the 
wells. For example, as a standard procedure, a Morie No. 1 or No. 10 to No. 20 U.S. Standard Sieve size 
filter pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to No. 40 U.S. Standard 
Sieve size filter pack is typically appropriate for a 0.010-inch slot screen. 
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5.2.3 	Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a medium-
to coarse-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then 
placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is 
allowed to collapse around the well screen after the well is installed. This method has been used where 
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the 
bentonite pellets, extending to the surface. The grout effectively seals the remaining borehole annulus 
and eliminates the possibility for surface infiltration reaching the screened interval. Grouting also replaces 
material removed during drilling and prevents hole collapse and subsidence around the well. A tremie 
pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to provide a 
better seal. In shallow boreholes that don't collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal. G rout, most of the time, is made up of one or two 
assemblages of material, (e.g., cement and/or bentonite). A cement-bentonite grout, which is the most 
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite, 
and water at a ratio of one 90-pound bag of Portland Type I cement, plus 3 to 5 pounds of granular or 
flake-type bentonite, and 6-7 gallons of water. A neat cement consists of one ninety-pound bag of 
Portland Type I cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick 
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of 
bentonite pellets is difficult. Bentonite chips are also occasionally used for annular backfill in place of 
grout. 

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation depth. 
For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or sand. A 
short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below the 
screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure that 
the entire screen surface remains unobstructed. 

	

5.2.4 	Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is typically placed over 
the top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. The 
protective casing has a larger diameter than the well and is set into the wet cement grout over the well 
upon completion. In addition, one hole is drilled just above the cement collar through the protective casing 
which acts as a weep hole for the flow of water which may enter the annulus during well development, 
purging, or sampling. 
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking 
lot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe 
is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place to 
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement 
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is 
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away 
from the well head. 

5.3 	Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

	

5.3.1 	Monitoring Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed. If the 
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be 
installed and well installation will proceed through the center of the temporary casing, and continue as the 
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers will 
act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on 
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections are 
screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed. 
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress. The sand is slowly poured into the annulus between the riser pipe and temporary casing, as the 
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order 
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater than 
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may occur. 
Centralizers may be used at the geologist's discretion, one above and one below the screen, to assure 
enough annular space for sand pack placement. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the 
bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. Pellets should be added slowly 
and their fall monitored closely to ensure that bridging does not occur. 

The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers 
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4. 

	

5.3.2 	Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be applied 
to avoid cross contamination between aquifers. Under most conditions, this can be accomplished by 
installing double-cased wells. This is accomplished by drilling a large-diameter boring through the upper 
aquifer, 1 to 5 feet into the underlying confining layer, and setting and pressure grouting or tremie grouting 
a large-diameter casing into the confining layer. The grout material must fill the space between the native 
material and the outer casing. A smaller diameter boring is then continued through the confining layer for 
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installation of the monitoring well as detailed for overburden monitoring wells. 
by the field geologist), must be allowed for setting of the grout prior to drilling through 
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5.4 	Well Development Methods 

of the gravel pack around 
been reduced by drilling 

is removed from the well. 
during development may 

has been performed. The 
and is based on the drilling 

formation that the well is 
below. 	A more detailed 

The purpose of well development is to stabilize and increase the permeability 
the well screen, and to restore the permeability of the formation which may have 
operations. Wells are typically developed until all fine material and drilling water 
Sequential measurements of pH, conductivity, turbidity, and temperature taken 
yield information (stabilized values) regarding whether sufficient development 
selection of the well development method shall be made by the field geologist 
methods, well construction and installation details, and the characteristics of the 
screened in. 	The primary methods of well development are summarized 
discussion may be found in Driscoll (1986). 
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space. Volumes of backfill significantly higher than the calculated volume may indicate a problem such as 
a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials. 
Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee. 
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5.4.2 	Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is 
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the 
screens. This movement of water pulls fine materials into the well, where they may be removed by any of 
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of 
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger 
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow 
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging. 

-57473--Gempfesseel-Air--- 

6.0 RECORDS RECORDS 

seecequently done'zing th' air  lift-method 

A critical part of monitoring well installation is recording of all significant details and events in the site 
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological 
features, screen placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type of all 
backfill materials shall be recorded. Additional information shall include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information will 
need to be recorded, depending on whether the well is completed in overburden (single- or double-cased), 
as a cased well in bedrock, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall 
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular 
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ATTACHMENT A 

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT) 
Potentially-Deteriorating 
Substance 

Type of Casing Material 

PVC 1 anized 
Stee 

Carbon 
Steel 

Lo-carbon 
Steel 

Stainless 
Steel 304 

Stainless 
Steel 3 

Buffered Weak Acid 100 56 59 97 0 100 
Weak Acid 98 59 43 100 100 
Mineral Acid/ 
High Solids Content 

100 48 57 60 80 82 100 

Aqueous/Organic 
Mixtures 

64 69 73 98 00 100 

Percent Overall Rating 91 8 56 59 93 96 i li 

Preliminary Ranking of Rigid Materials: 

1 	Teflon° 	 5 	Lo-Carbon Steel 
2 	Stainless Steel 316 	 6 	Galvanized Steel 
3. 	Stainless Steel 304 	 7 	Carbon Steel 
4 	PVC 1 

* Trademark of DuPont 
RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)  

Potentially- 
Deteriorating 
Substance 

Type of Casing Material 

PVC 
Flexible 

PE 
v. 

PE 
Linear 

PMM Viton'* Silicone Neoprene T 	n 

Buffered Weak Acid 97 97 100 90 92 87 5 100 
Weak Acid 92 90 94 96 78 75 100 
Mineral Acid/ 
High Solids Content 

100 100 100 100 95 11 78 82 100 

Aqueous/Organic 
Mixtures 

62 71 40 60 9 78 4 • 44 100 

Percent Overall 
Rating 

88 90 88 78 87 72 72 100 

Preliminary Ranking of Semi-Rigid or Elastomeric Materials: 

1 	Toflori 	 5 	PE Conventional 
2 	Polypr 	 6 	Pleyiglasilucit9 (RMM) ylen 	(PP) 
3. 	PVC Flexible/PE Linear 	 7 	Silicone/Naopr nc 
4 	Vitone  

* Trademark of DuPont 

Source: Barcelona et al., 1983 
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ATTACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 
Characteristic tainless Steel PVC 

Strength Use i 	deep wells to prevent 
compre 	ion and closing of 
screen/ris r. 

Use when shear and compressive 
strength are not critical. 

Weight Relatively h 	vier. Light-weight; floats in water. 
Cost Relatively exp= sive. Relatively inexpensive. 
Corrosivity Deteriorates mo - rap .ly in corrosive 

water. 
Non-corrosive -- may deteriorate in 
presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated 
hydrocarbons. 

Ease of Use Difficult to adj 	t size or 	ngth in the 
field. 

Easy to handle and work with in the 
field. 

Preparation for 
Use 

Should b= steam cleaned if o panics 
will be 	bsequently sampled. 

Never use glue fittings -- pipes should 
be threaded or pressure fitted. Should 
be steam cleaned when used for 
monitoring wells. 

Interaction with 
Contaminants* 

y sorb organic or inorganic 
ubstances when oxidized. 

May sorb or release organic 
substances_ 

See also Attachment A. 
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1.0 	PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations. Contact 
with underground or overhead utilities can have serious consequences including employee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users. 

The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface'and overhead utility locating services. 
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees. The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to, present requirements and restrictions relevant to these types of 
activities. This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 

	

2.0 	SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities. This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services. This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement. Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific project. 
This SOP is not intended to provide a detailed description of methodology and instrument operation. 
Specialized expertise during both planning and execution of several of the methods presented may also 
be required. 

	

3.0 	GLOSSARY 

Electromagnetic Induction (EMI) Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 

Magnetometer — A device used for precise and sensitive measurements of magnetic fields. 

Magnetic Survey — A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects. 

Metal Detection — A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects. 

Vertical Gradiometer — A magnetometer equipped with two sensors that are vertically separated by a fixed 
distance. It is best suited to map near surface features and is less susceptible to deep geologic features. 

Ground Penetrating Radar — Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter. Some portion of the signal will be reflected from 
the subsurface material, which is then recorded with a receiver and electronically converted into a graphic 
picture. 
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4.0 	RESPONSIBILITIES 

Project Manager (PM)/Task Order Manager (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 

Site Manager (SM)/Field Operations Leader (F01.) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPs or as otherwise directed by the approved 
project plan(s). 

Site Health & Safety Officer (SHSOI — Responsible to provide technical assistance and verify full 
compliance with this SOP. The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PM/TOM. 

Health & Safety Manager (HSM) — Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 

Site Personnel — Responsible for performing their work activities in accordance with this SOP and the TtNUS 
Health and Safety Policy. 

	

5.0 	PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services. These procedures are addressed 
individually from a buried and overhead standpoint. 

	

5.1 	 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence and/or location is unknown or incorrectly known on 
client properties. This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services. In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 

Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PM/TOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 

	

1. 	A comprehensive review must be made of any available property maps, blue lines, or as-builts 
prior to site activities. Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities. 
Information regarding utility locations shall be added to project maps upon completion of this 
exercise. 

	

2., 	A visual site inspection must be performed to compare the site plan information to actual field 
conditions. Any findings must be documented and the site plan/maps revised. The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities. The site inspection .should 
focus on locating surface indications of potential underground utilities. Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions. Note 
the location of any emergency shut off switches. Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PM/TOM. 

3. If the planned work is to be conducted on private property (e.g., militaty installations, 
manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel .  

(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements. It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities. 

4. If the work location is on public property, the state agency that performs utility clearances must be 
notified (see Attachment 1). State "one-call" services must be notified prior to commencing 
fieldwork per their requirements. Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation. Such services typically assign a "ticket" number to the 
particular site. This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again. The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame. It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers. Given this situation, "one call" systems may still be required to 
provide location services on military installations. 

5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 
accepted means. The location of all utilities must be noted on a field sketch for future inclusion on 
project maps. Utility locations are to be identified using the following industry-standard color code 
scheme, unless the property owner or utility locator service uses a different color code: 

	

white 	excavation/subsurface investigation location 

	

red 	electrical 

	

yellow 	gas, oil, steam 

	

orange 	telephone, communications 

	

blue 	water, irrigation, slurry 

	

green 	sewer, drain 

6. Where utility locations are not confirmed with a high degree of confidence through drawings, 
schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation. In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools. Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP. Each 
method has advantages and disadvantages including complexity, applicability, and price. It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

7. At each location where trenching or excavating will occur using a backhoe or other heavy 
equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass. If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation. 

8. All utilities uncovered or undermined during excavation must be structurally supported to prevent 
potential damage. Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM. 	All repairs require that the line be 
locked-out/tagged-out prior to work. 
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5.2 	Overhead Power Lines 

If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician. If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 

The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 

Nominal Voltage Minimum Clearance 
0 -50 kV 	10 feet, or one mast length; whichever is greater 

50+ kV 	10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 
mast lengths; whichever is greater 

6.0 	UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed. The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 

Elerderurvgnetic Ind' vin 
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may determine-the location of a utility, this method does not Qperifically identify utilities 	, watarvs gas  

   

   

6.2 	Passive Detection Surveys 

Acoustic-eurveys 

Acoustic looation methods are generally rno,:t applicable to vorpriinps nr oas Hoeg A highly sensitive 
Acoustic Rocoiver listens for background sounds of water flowing (at joints, leaks, etc) or to sounds  

-losatiion-of-plastis-gastines. 

Vacuum Excavation 

Vacuum excavation is used to physically expose utility services. The process involves removing the 
surface material over approximately a 1' x 1' area at the site location. The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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debris. This process ensures the integrity of the utility line during the excavation process, as no hammers, 
blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the risk of 
damage to utilities. The process continues until the utility is uncovered. Vacuum excavation can be used 
at the proposed site location to excavate below the "utility window" which is usually 8 feet. 

Hand Excavation 

When the identification and location of underground utilities cannot be positively confirmed through 
document reviews and/or other methods, borings and excavations may be cleared via the use of non-
conductive hand tools. This should always be done in conjunction with the use of detection equipment. 
This would be required for all locations where there is a potential to impact buried utilities. The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site. This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region. Attachment 2 presents frost line depths for the regions of the 
contiguous United States. At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs). For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig auger 
or bit prior to drilling. For soil gas surveys, the survey probe shall be placed as close as possible to the 
cleared hand excavation. It is important to note that a post-hole digger must not be used in this type of 
hand excavation activity. 

Tile-Probe-Surveys,  

7.0 	INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 

1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 
specified by the client or property owner. 

2. Notify the property owner and/or client that the locations are marked. At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utility clearance. 

Note: Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

3. Notify "One Call" service. if possible, arrange for an appointment to show the One Call 
representative the surface locations or excavation boundaries in person. This will provide a better 
location designation to the utilities they represent. You should have additional drawings should 
you need to provide plot plans to the One Call service. 

4. Implement supplemental utility detection techniques as necessary and appropriate to conform 
utility locations or the absence thereof. 
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5. 	Complete Attachment 3, Utility Clearance Form. This form should be completed for each 
excavation location. In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form. Upon completion, the Utility Clearance Form and 
revised/annotated utility location map becomes part of the project file. 

	

8.0 	REFERENCES 

OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
TtNUS Utility Locating and Clearance Policy 
TtNUS SOP GH-3.1; Resistivity and Electromagnetic Induction 
TtNUS SOP GH-3.2; Magnetic and Metal Detection Surveys 
TtNUS SOP GH-3.4; Ground-penetrating Radar Surveys 

019611/P 
	

Tetra Tech NUS. Inc 



American Public Works Association 
2345 Grand Boulevard, Suite 500, Kansas City, MO 64108-2825 
Phone (816)4724100 • Fax (816) 472-1610 
Web www.apwa.net  • E-mail apwa@apwa.net  

019611/P Tetra Tech NUS, Inc. 

Number 

HS-1.0 

Revision 
2 

Effective Date 

12/03 

ATTACHMENT 1 
LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES 

Alabama 
Alabama One-Call 
1-800-292-8525 

Alaska 
Locate Cat Center of Alaska, Inc. 
1-800-478-3121 

Arizona 
Arizona Slue Stake 
1-800-782-5348 

Arkansas 
Arkansas One Call System, Inc 
1-800-482-8998 

California 
Underground Service Alert North 
1-800-227-2600 
Underground Service Alert of Southern 

California 
1-800-227-2600 

Colorado 
Utility Notification Center of Colorado 
1-800-922-1987 

Connecticut 
Call Before You Dig 
1-800-922-4455 

Delaware 
Miss Utility of Delmarva 
1-800-282-8555 

Florida 
Sunshine State One-Call of Florida, Inc. 
1-800-432-4770 

Georgia 
Underground Protection Center, Inc. 
1-800-282-7411 

Hawaii 
Underground Service Alert North 
1-800-227-2600 

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DIRECTORY 

Iowa 
Iowa One-Cell 
1-800-292-8989 

Kansas 
Kansas One-Cat System, Inc. 
1.800-344-7233 

Kentucky 
Kentucky Underground Protection Inc. 
1-800-752-6007 

Louisiana 
Louisiana One Call. System. Inc. 
1-800-272-3020 

Maine 
Dig Safe System, Inc. 
1-888-344-7233 

Maryland 
Miss Uttity 
1-800-257-7777 
Miss Utility of Delmarva 
1-800-282-8555 

Massachusetts 
Dig Safe System, Inc. 
14388-344-7233 

Michigan 
Miss Dig System. Inc. 
1-800-482-7171 

Minnesota 
Gopher State One Cali 
1-800-252-1168 

Mississippi 
Mississippi One-Call System, Inc 
1-800-227-6477 

Missouri 
Missouri One-Call System, Inc 
1-800-344-7483 

New Jersey 
New Jersey One Call 
1-800-272-1000 

New Mexico 
New Mexico One Call System, Inc. 
1-800-321-2537 
Las Cruces- Dona Ana Blue Stakes 
1-888-528-0400 

New York 
Dig Safely New York 
1.800-962-7962 
New York City- Long Island One Call 

Center 
1-800-272-4480 

North Carolina 
The North Carolina One-Call Center, 

Inc. 
1-800-632-4940 

North Dakota 
North Dakota One-Call 
1-800-795-0555 

Ohio 
Ohio Utilities Protection Service 
1-800-362-2764 
Oil & Gas Producers Underground 

Protect'n Svc 
1-600-925-0988 

Oklahoma 
Call Okie 
1-800-522-6543 

Oregon 
Oregon Utility Notification Center/One 

Call Concepts 
1-800332-2344 

Pennsylvania 
Pennsylvania One Call System, Inc 
1-800-242-1776 

Idaho 
Dig Line Inc. 
1-800-342-1585 
Kootenai County One-Cat 
1-800-428-4950 
Shoshone - Benewah Orie-Call 
1-800-398-3285 

Illinois 
JULIE, Inc. 
1-800-892-0123 
Digger (Chicago Utility Alert Network) 
312-744-7000 

Indiana 
Indiana Underground Plant Protection 

Service 
1-800-382-5544 

Montana 
Utilities Underground Protection Center 
1-800-424-5555 
Montana One Call Center 
1-800-551-8344 

Nebraska 
Diggers Hotline of Nebraska 
1-800-331-5666 

Nevada 
Underground Service Afert North 
1-800-227-2600 

New Hampshire 
Dig Safe System, Inc. 
1-888-344-7233 

Rhode Island 
Dig Safe System, Inc. 
1-888-3447233 

South Carolina 
Palmetto Utility Protection Service Inc. 
1-88&721-7877 

South Dakota 
South Dakota One Call 
1-800-781-7474 

Tennessee 
Tennessee One-Cat System, Inc. 
1-800.351-1111 
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Texas 
Texas One Call System 
1-800-245-4545 
Texas Excavation Safety System. Inc. 
1-800-344-8377 
Lone Star Notification Center 
1-800-669-8344 

Utah 
Slue Stakes of Utah 
1-800-682-4111 

Vermont 
Dig Sate System, Inc 
1-888-344-7233 

Virginia 
Miss Utility of Virginia 
1-800-552-7001 
Miss Utility (Northern Virginia) 
1-800-257-7777 

ATTACHMENT 1 (Continued 

Washington 
Utilities Underground Location Center 
1-800-424-5555 
Northwest Utility Notification Center 
1-800-553-4344 
Inland Empire Utility Coordinating 

Council 
500-458-8000 

West Virginia 
Miss Utility of West Virginia, Inc. 
1-800-245-4848 

Wisconsin 
Diggers Hotline, Inc. 
1-800-242-8511 

Wyoming 
Wyoming One-Call System, Inc. 
1-800-348-1030 
Call Before You Dig of Wyoming 
1-800-849-2476 

District of Columbia 
Miss Utility 
1-800-257-7777 

Alberta 
Alberta One-Call Corporation 
1-800-242-3447 

British Columbia 
BC One Call 
1-800-474.6886 

Ontario 
Ontario One-Call System 
1-800-400-2255 

Quebec 
Info-Excavation 
1-800-663-9228 
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FROST LINE PENETRATION DEPTHS BY GEOGRAPHIC LOCATION 

Courtesy U.S. Department Of Commerce 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client: 	 Project Name: 	  

Project No.: 	Completed By: 	  

Location Name: 	Work Date: 	  

Excavation Method/Overhead Equipment: 	  

Underground Utilities 
	

Circle One  

a) Review of existing maps? 	 yes no N/A 

b) Interview local personnel? 	 yes no N/A 

c) Site visit and inspection? 	 yes no N/A 

d) Excavation areas marked in the field? 	 yes no N/A 

e) Utilities located in the field? 	 yes no N/A 

f) Located utilities marked/added to site maps? 	 yes no N/A 

Client contact notified 	 yes no N/A 
Name 	 Telephone: 	 Date: 	  

g) State One-Call agency called? 	 yes no N/A 
Caller: 	  
Ticket Number: 	  Date: 	  

h) Geophysical survey performed? 	 yes no N/A 
Survey performed by: 	  
Method: 	  Date: 	  

i) Hand excavation performed (with concurrent use of utility 	 yes no N/A 
detection device)? 
Completed by. 	  
Total depth: feet 	 Date: 

 

   

j) Trench/excavation probed? 	 yes no N/A 
Probing completed by: 	  
Depth/frequency: 	 Date: 	  

	

2. 	Overhead Utilities 
	

Present Absent 

a) Determination of nominal voltage 	 yes no N/A 
b) Marked on site maps 	 yes no N/A 
c) Necessary to lockout/insulate/re-route 	 yes no N/A 
d) Document procedures used to lockout/insulate/re-route 	 yes no N/A 
e) Minimum acceptable clearance (SOP Section 5.2): 	  

	

3. 	Notes: 

Approval: 

Site Manager/Field Operations Leader 	 Date 
c: PM/Project File 

Program File 
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ATTACHMENT 4 
OSHA LETTER OF INTERPRETATION 

Mr. Joseph Caldwell 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
211 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7, 2003, we responded to your inquiry of September 18, 2002, regarding the 
use of hydro-vacuum equipment to locate underground utilities by excavation. After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition, a number of industry 
stakeholders, including the National Utility Contractors Association (NUCA), have provided new 
information regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry. 

Question: Section 1926.651 contains several requirements that relate to the safety of employees 
engaged in excavation work. Specifically, paragraphs (b)(2) and (b)(3) relate in part to the 
safety of the means used to locate underground utility installations that, if damaged during an 
uncovering operation, could pose serious hazards to employees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines, and further, would the use of hydro-vacuum excavation be acceptable under the 
standard? 

Answer 

Background 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651(Specific excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (b)(2) states: 

When utility companies or owners cannot respond to a request to locate underground utility 
installations within 24 hours * * or cannot establish the exact location of these installations, the 
employer may proceed, provided the employer does so with caution, and provided detection 
equipment or other ac.ggptahle 'means to locate utility installations are used. (emphasis added). 

Paragraph (b)(3) provides: 
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When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceptable means (emphasis 
added). 

Therefore, "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe and 
acceptable means." The preambles to both the proposed rule and the final rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15, 1987), noted that a 1972 version of this standard contained language that 
specified "careful probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equally 
effective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities  
have not been marked and detection equipment is not being used —"probing with band-held 
toots." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31, 1989): 

OSHA received two comments * * * and input from ACCSH [OSHA's Advisory Committee on 
Construction Safety and Health] * * on this provision. All commenters recommended dropping 
`such as probing with hand-held tools' from the proposed provision, because this could create a 
hazard to employees by damaging the installation or its insulation. 

In other words, the commenters objected to the use of band tools being used unless detection 
equipment was used in conjunction with them. OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Non-conductive hand tools are permitted 

This raises the question of whether the standard permits the use of hand tools alone -- without 
also using detection equipment. NUCA and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non-
conductive or insulated probes were not discussed in the rulemaking. Since they were not 
considered at that time, they were not part of the class of equipment that was thought to. be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand tools, when used with 
appropriate caution, is an "acceptable means" for locating underground utilities. 

'2 
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Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
"acceptable means" of locating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies  

We are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions, please feel free to contact us again by fax at: U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of Construction Standards and Compliance Assistance, fax It 
202-693-1689. You can also contact us by mail at the above office, Room N3468, 200 
Constitution Avenue, N.W., Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 
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1.0 	PURPOSE 

This Standard Operating Procedure (SOP) 
surface, and subsurface soil samples. Additionally, 
trenches to determine subsurface soil and 
samples from pits. 

	

2.0 	SCOPE 

This document applies to the collection of 
through hand digging, hand augering, drilling, 
laboratory testing, onsite visual examination, 

	

3.0 	GLOSSARY 

Composite Sample - A composite sample 

describes the procedures to be used to collect surface, near-
it describes the methods for sampling of test pits and 

rock conditions and for recovery of small-volume or bulk 

surface, near-surface, and subsurface soil samples exposed 
or machine excavating at hazardous substance sites for 

and onsite testing. 

is a combination of more than one grab sample from various 
and treated as one sample. This type of sample is 

average waste concentration for a specific area is required. 
for volatile organics analysis. 

of Federal Regulations 	1910.116, a confined (CFR) 	 space 

locations and/or depths and times that is homogenized 
usually collected when determination of an 
Composite samples shall not be collected 

Confined Space 	As stipulated in 29 Code 
so configured that an employee can bodily enter and perform means a space that: {1) is large enough and 

•• 'ted or restricted means for entry or exit (c.g., tanks, 	silos, storage vessels, 

TtNUS considers all confined space as 	required confined spaces. permit 

sample accurately 
It is therefore an important 

posed by the site, but 
sample location selection 

sample has been 

volatile organics (e.g., 
that do not require 

held together by threaded 

Grab Sample - One sample collected at one location and at one specific time. 

soil from the ground. Hand Auger 	A sampling device used to extract 

of the degree to which an individual 
variations at a sampling point. 

quantification of environmental threats 
design and construction. 	Proper 

important to ensure that a truly representative 

all chemical parameters other than 
etc.) and those engineering parameters 

in half lengthwise, with the halves 

Representativeness — A qualitative description 
reflects population characteristics or parameter 
characteristic not. only of assessment and 
also for providing information for engineering 
and proper sample collection methods are 
collected. 

Sample for Non-Volatile Analyses - Includes 
semivolatiles, pesticides/PCBs, metals, 
undisturbed soil for their analysis. 

Split Barrel Sampler 	A steel tube, split 

18 inch 	21 inch long samples, respectively. These split barrel samplers commonly 	in size from 2 or 	 range 

required (see Attachment B). 

• .  

chemistry exploration and/or sampling 	These 	are excavated manually or by machine (e.g., purposes. 	pits 
backhoe, clamshell, trencher, excavator, or bulldozer). 
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Thin Walled Tube Sampler A thin walled metal tube (4._,49 salted a Shelby tube) used to recover relatively 
-•e 	e-e 	e 	.••e 	 - e - e 	e 
diameter (OD) and from 18 to 54 inches in length. 

4.0 	RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, selecting 
proposed sampling locations, and selecting field procedures used in the collection of soil samples. 
Additionally, in consultation with other project personnel (geologist, hydrogeologist, etc.), the Project 
Manager establishes the need for test pits or trenches and determines their approximate locations and 
dimensions. 

Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan. This will include (but not be limited 
to) performing air quality monitoring during sampling, boring, and excavation activities and to ensure that 
workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne contaminants. 
The SSO/designee may also be required to advise the FOL on other safety-related matters regarding 
boring, excavation, and sampling, such as mitigative measures to address potential hazards from unstable 
trench walls, puncturing of drums or other hazardous objects, etc. 

Field Operations Leader (FOL) - This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples. He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures. When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit. The FOL is responsible for finalizing the locations for 
collection of surface, near-surface, and subsurface (hand and machine borings, test pits/trenches) soil 
samples. He/she is ultimately responsible for the sampling and backfilling of boreholes, test pits, and 
trenches and for adherence to Occupational Safety and Health Administration (OSHA) regulations during 
these operations through self acquisition or through the management of a field team of samplers. 

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP and/or other project-specific documents. In addition, this individual 
is responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, test pit logs, container labels, custody seals, and chain-of-custody forms) associated with the 
collection of those samples. 

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - Excavations, 
means one who is capable of identifying existing and predictable hazards in the surroundings, or working 
conditions that are unsanitary, hazardous, or dangerous to employees, and who has authorization to take 
prompt corrective measures to eliminate them. 

General personnel qualifications for groundwater sample collection and onsite water quality testing include 
the following: 

Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

• Familiarity with appropriate procedures for sample documentation, handling, packaging, and shipping. 

019611/P 
	

Tetra Tech NUS, Inc. 



	

Subject 
	

Number 
	

Page 

SA-1.3 
	

4 of 31 
SOIL SAMPLING 	 Revision 

	
Effective Date 

9 
	

04/07/2008 

	

5.0 	HEALTH AND SAFETY 

Health and safety precautions are identified for individual sample collection procedures throughout this 
SOP. In addition to those precautions, the following general hazards may be incurred during sampling 
activities: 

• Knee injuries from kneeling on hard or uneven surfaces 

• Slips, trips, and falls 

• Cuts and lacerations 

• Traffic hazards associated with sampling in parking areas, along roadways and highways. 

Methods of avoiding these hazards are provided below. 

Knee injuries — If kneeling is required during soil sampling, this could result in knee injuries from 
stones/foreign objects and general damage due to stress on the joints. To minimize this hazard: 

• Clear any foreign objects from the work area. 

• Wear hard-sided knee pads. 

• Stretch ligaments, tendons and muscles before, during and after. Take breaks as frequently as 
necessary. 

• Report pre-existing conditions to the SSO if you feel this activity will aggravate an existing condition. 

Slips, Trips, and Falls — These hazards exist while traversing varying terrains carrying equipment to 
sample locations. To minimize these hazards: 

• Pre-survey sampling locations. Eliminate, barricade, or otherwise mark physical hazards leading to the 
locations. 

• Carry small loads that do not restrict the field of vision. 

• Travel the safest and clearest route (not necessarily the shortest). 

Cuts and Lacerations - To prevent cuts and lacerations associated with soil sampling, the following 
provisions are required: 

• Always cut away from yourself and others when cutting tubing or rope. This will prevent injury to 
yourself and others if the knife slips. 

• Do not place items to be cut in your hand or on your knee. 

• Change blades as necessary to maintain a sharp cutting edge. Many accidents result from struggling 
with dull cutting attachments. 

• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 
the hand not using the knife. 

• Keep cutting surfaces clean and smooth. 
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• Secure items to be cut — do not hold them against the opposing hand, a leg, or other body part. 

• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 
fall, you will be less likely to get cut by broken glass. 

• DO NOT throw broken sample jars or glass ampoules into garbage bags. Place broken glass and 
glass ampoules in hard-sided containers such as a cardboard box or directly into a dumpster. DO 
NOT reach into garbage bags to retrieve any item accidentally thrown away. Empty the contents onto 
a flat surface to avoid punctures and lacerations from reaching where you cannot see. 

Vehicular and Foot Traffic Hazards — When sampling along the roadway or near traffic patterns, follow 
the following precautions: 

• Motorists may be distracted by onsite activities — ASSUME THEY DO NOT SEE YOU OR MEMBERS 
OF YOUR FIELD CREW. 

• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 
personnel to move into the flow of traffic to avoid your activities or equipment or that will create a blind 
spot. 

• Provide a required free space of travel. Maintain at least 6 feet of space between you and moving 
traffic. Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes. 

• Face Traffic. Whenever feasible, if you must move within the 6 feet of the required free space or into 
traffic, attempt to face moving traffic at all times. Always leave yourself an escape route. 

• Wear high-visibility vests to increase visual recognition by motorists. 

• Do not rely on the vehicle operator's visibility, judgment, or ability. Make eye contact with the driver. 
Carefully and deliberately use hand signals so they will not startle or confuse motorists or be mistaken 
for a flagger's direction before moving into traffic. 

• Your movements may startle a motorist and cause an accident, so move deliberately. Do not make 
sudden movements that might confuse a motorist. 

6.0 	PROCEDURES 

The following procedures address surface and subsurface sampling. 

CAUTION 
Each situation must be evaluated individually to determine the applicability and necessity 
for obtaining a utility clearance ticket/dig permit. Common sense dictates, prior to digging 

or boring with power equipment, no matter what the depth, or digging by hand in a 
manner that could damage unprotected underground utilities, that a dig permit is required. 
See SOP HS-1.0, Utility Locating and Excavation Clearance, for additional clarification. If 

you do not know or are unsure as to whether a ticket is necessary — Get the Ticket. 
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6.1 	Overview 

monitoring. Sampling of 
before they migrate to the water table, 

on aquifer solids that have the 

waste site. These variations, 
the soil. 	It is important, therefore, 

particularly noting sampling locations, 
Subsurface conditions are often 

especially with respect to temperature, 
conditions can radically alter the 

thus further altering 	specific 
products that can alter contaminant 

of degradation of this foliage must 
at-depth temperature or lower, 
and be analyzed as soon as possible 

should be removed from the sample. 

size, cohesiveness, associated moisture, 
the depth from which samples can be 

of this document to present the most 
sites. 

Collecting Soil Samples for Volatile 

such as collection in a jar with 
due to loss of volatile organic compounds 

methanol or sodium bisulfatc 

the soil horizons above the 
and can establish the 

potential of contributing to 

along with vegetation, can 
that a detailed record 

depths, and such 
stable on a daily basis and 

available oxygen 
rate of chemical reactions 
site conditions. 	Certain 

concentrations in soil. 
be recorded. 	To prevent 

protected from direct light, 
after collection. 	In 

and such factors as 
collected and the method 
commonly employed soil 

Organic Compound 

no preservation have been 
(VOCs). To prevent 

may be used to minimize 
in the field or laboratory, 

of sampling methods 
laboratory personnel is 

Method SW-846, 5035. 
performing—few-level—anatyses—(sedium 

Soil sampling is an important adjunct to groundwater 
groundwater table can detect contaminants 
amount of contamination absorbed or adsorbed 
groundwater contamination. 

Soil types can vary considerably on a hazardous 
affect the rate of contaminant migration through 
be maintained during sampling operations, 
characteristics as grain size, color, and odor. 
may demonstrate only slight seasonal variation 
and light penetration. Changes in any of these 
or the associated microbiological community, 
vegetation species can create degradation 
This is why vegetation types and extent 
degradation, samples must be kept at their 
sealed tightly in approved glass containers, 
addition, to the extent possible, vegetation 

The physical properties of the soil, its grain 
depth to bedrock and water table, will limit 
required to collect them. 	It is the intent 
sampling methods used at hazardous waste 

6.2 	Soil Sample Collection 

6.2.1 	Procedure for Preserving and 
Analysis 

Samples collected using traditional methods 
known to yield non-representative samples 
such losses, preservation of samples with 
volatilization and biodegradation. 	This preservation 
depending on the sampling methodology 
and associated equipment required, careful 
needed. 

Soil samples to be preserved by the laboratory 
For samples preserved in the field, laboratories 
bisulfatc 	 and high- to medium preservation) 

may be performed either 
employed. Because of the large number 

coordination between field and 

are currently being collected using 
are currently 

-level analyses (methanol preservation) 

steps for collecting soil samples 
to be preserved in the field with methanol 

at the Laboratory 

depending-9444e 

to be preserved at the 
er--sodium-b4641fate 

needs of the cnd user. 

The following procedures outline the necessary 
laboratory, and for collecting soil samples 

6.2.1.1 	Soil Samples to be Preserved 

obtained using a reusable sampling handle (T handle) that can be 	with the EnCoreTM sampler provided 
- 	 .- 	 -TM 	.. ... 	„ 
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1. Scene Safety Evaluate the ar a where sampling will occur. Ensure that the area is safe from 

surface being sampled, cover the ground surface with plastic to minimize surface contamination of 
your equipment and clothing. Wear knee pads to protect your knees from kneeling on hard or uneven 
surfaces. 

3. 	Load the EncoreTM sampler into the T handle with the plunger fully depressed. 

/I. 	Expose the area to be sampled using a hand trowel or similar device to remove surface debris. 

6. 	When the sampler is full, rotate the plunger and leek it into place. If the plunger does not lock, the 
sampler is not full. This method ensures there is no hoadspacc. Soft soil may require several plunges 
or forcing soil against a hard surface such as a sample trowel to ensure that hcadspace is eliminated. 

e 	---e - 	e 	e •• • 	- e- e 	•: __••e 
the sample cap and the rubber 0 ring. 

- e e 

of contamination contamination even on the outside of the containers. 

10. Label the bag with appropriate information in accordance with SOP SA 6.3. 

- 	• 	_•e _ee 

trip blanks and temperature blanks arc also in the sealer. Secure custody of the cooler in accordance 
with SOP SA 6.3. 

12. Typically, collect three EncoreTM samplers at ash location. Consult the SAP or laboratory to 
TM 

13. The T handle shall be decontaminated before moving to the next interval or location using a soap and 

documents. 

Using this typo of sampling device eliminates tho need for field- preservation and the shipping restrictions 
TM 

• - 	• . e -TM 	•• 	- - 	- 	-• 	e e- e 	-e e• 	.... 	.•: ez 	ee 
..ee 	e.. 

 

• e 

 

e e •e •-• 

 

e 	ee 

 

    

     

SOP SA 6.1). Samples must be preserved by 

 

A. • A: •e. 	e __••e - _e 	- 

 

  

•_e - 
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6.2.1.2 	Soil Samples to be Preserved in the Field 

Soil samples preserved in the field may be prepared for analyses using both the low level (sodium 
bisulfate preservation) and high- to medium-level (methanol preservation) methods. 

Safety Reminder 
When using chemicals in the field to preserve samples, the FOL and/or SSO must ensure 
that Materials Safety Data Sheets (MSDSs) have been provided with the chemicals to be 

used. They also must ensure that these chemicals have been added to the Chemical 
Inventory List contained within Section 5.0, Hazard Communication, of your Health and 
Safety Guidance Manual (HSGM). Lastly, but most importantly, the FOL and/or SSO 

must review the hazards with personnel using these chemicals and ensure that provisions 
are available for recommended PPE and emergency measures (e.g., eyewash, etc.). 

Methanol Preservation (High to Medium Level): 

Bottles may be pre-spiked with methanol in the laboratory or prepared in the field. Soil samples to be 
preserved in the field with methanol shall utilize 40 to 60 mL glass vials with septum-lined lids. Each 
sample bottle shall be filled with 25 mL of demonstrated analyte-free purge-and-trap grade methanol. The 
preferred method for adding methanol to the sample bottle is by removing the lid and using a pipette or 
scaled syringe to add the methanol directly to the bottle. 

CAUTION 
NEVER attempt to pipette by mouth 

In situations where personnel are required to spike the septum using a hypodermic 
needle, the following provisions for handling sharps must be in place: 

- Training of personnel regarding methods for handling of sharps 
- Hard-sided containers for the disposal of sharps 
- Provisions for treatment in cases where persons have received a puncture wound 

Soil shall be collected with the use of a decontaminated (or disposable), small-diameter coring device 
such as a disposable tube/plunger-type syringe with the tip cut off. The outside diameter of the coring 
device must be smaller than the inside diameter of the sample bottle neck. 

A small electronic balance or manual scale will be necessary for measuring the volume of soil to be added 
to the methanol-preserved sample bottle. Calibration of the scale shall be performed prior to use and 
intermittently throughout the day according to the manufacturer's requirements. 

The sample should be collected as follows: 

1. Weigh the unused syringe and plunger to the nearest 0.01 gram. 

2. Pull the plunger back and insert the syringe into the soil to be sampled. 

3. Collect 8 to 12 grams of soil by pushing the syringe barrel into the soil. 

4. Weigh the sample and adjust until obtaining the required amount of sample. 

5. Record the sample weight to the nearest 0.01 gram in the field logbook and/or on the sample log 
sheet. 
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6. Extrude the weighed soil sample into the methanol-preserved sample bottle 
the sample container with the syringe. 

7. If dirty, wipe soil particles from the threads of the bottle and cap. Cap the bottle 

8. After capping the bottle, swirl the sample (do not shake) in the methanol 
that all of the soil is covered with methanol. 

9. Place the sample on ice immediately and prepare for shipment to the laboratory 
SA-6.1. 

taking care not to contact 

tightly. 

and break up the soil such 

as described in SOP 

Bottles 

CAUTION 

reaction of soil 	carbonates (limestone) 	the sample to effervesce or containing 	 may cause 

aliquot should be subjected to the sample 	 If it effervesces in an open air preservative. 

may be 	in the laboratory or in the field 	sodium bisulfate solution. 	Samples to be prepared 	 with 
in the field 	the sodium bisulfate method 	to be 	and collected as follows: preserved 	using 	 arc 	prepared 

1. Add 1 	 bisulfate to 5 mL 	laboratory 	dcionizod water in a 10 to 60 mL gram of sodium 	 of 	grade 	 glass 

2. Collect Collect the soil sample and record the sample weight to the nearest 0.01 	in the field logbook or gram 
on the sample log sheet as described for methanol preservation 

ono for one. sample basis 

3. Add the weighed sample to the sample vial. 

/1. 	Collect duplicate 	 the methanol 	 a . . 	samples using 	 preservation method on 

SOP 5. 	Place the samples on ice immediately and 	for 	to tho laboratory as described in prepare 	slaipmcht 
SA 6.1. 

6.2.2 

Samples 
follows: 

NOTE 

may be to collect EnCoreTM samplers at 	 location. Consult the a given sample 	 planning 
• - 	• - 	- 

with the EncoreTM sampling 	above 	then 	all 	to the laboratory procedure 	and 	send 	samplers 

Procedure for Collecting Soil Samples for Non-Volatile Analyses 

collected for non-volatile analyses may be collected as either grab or composite samples as 
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1. 	With 

	

2. 	Remove 

soil 

4. Transfer 

5. Label 

6. Place 

7. Prepare 

stainless 

3. 	Thoroughly 

required 
sample 
obtaining 

a stainless steel trowel or other approved tool, transfer a portion of soil to be sampled to a 
steel bowl or disposable inert plastic tray. 

roots, vegetation, sticks, and stones larger than the size of a green pea. 

mix the soil in the bowl or tray to obtain as uniform a texture and color as practicable. The 
type, moisture content, amount of vegetation, and other factors may affect the amount of time 

to obtain a properly mixed sample. 	In some cases, it may be impossible to obtain a uniform 
appearance. 	Use the field logbook to describe any significant difficulties encountered in 

a uniform mixture. 

the mixed soil to the appropriate sample containers and close the containers. 

the sample containers in accordance with SOP SA-6.3. 

the containers in a cooler of ice as soon after collection as possible. 

the sample shipment and ship the samples in accordance with SOP SA-6.1. 

Cooling may not be required for 
Consult the planning documents 

conditions. 

NOTE 
analyses. 

preservation 
some samples depending on the scheduled 

if in doubt regarding correct sample 
When in doubt — Cool to 4•C. 

Head space is permitted in soil sample 
NOTE 

to allow for containers for non-volatile analyses 
sample expansion. 

When 

Use of thin walled undisturbed tube 
NOTE 

of the soil to samplers is restricted by the consistency 
be sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, 

• - 	- 	0:•• 	e• 	" 	 ete _ : _ 	... 	... 	e 	 . 

therefore their use should be weighed against the need for acquiring an undisturbed 
sample. These devices are not discussed in this SOP because they are not commonly 

used 

it is necessary to acquire undisturbed samples of coil for 	of engineering purposes 	 paramoter 
analysis 	 ability), a thin walled, seamless tube sampler (Shelby tube) shall be employed (e.g., perm using 

investigated. 	This This includes activities described in SOP HS 1.0, Utility Location and Excavation 
- 	- - 
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REMEMBER 
If you are digging near a marked utility (within the diameter of an underground utility that 

has been marked plus 18 inches), you FR-40-first  locate the utility through vacuum 
extraction or hand digging to ensure that your activities will not damage the utility. 

    

• - • • e e e 	• 

 

 

— e••e " .• e. e•," 

   

    

     

      

This checklist will be provided in the HASP. 

   

• Review the activity to be conducted. 

   

2. 	Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location and 
drill and/or clean out the borehole to tho desired sampling depth. Bc careful to minimize potential 
disturbance of the material to be sampled. In saturated material, withdraw the drill bit slowly to 

above groundwater level. 

CAUTION 
The use of bottom discharge bits or jetting through an open tube sampler to clean out the 

borehole shall not be allowed. Only the use of side discharge bits is permitted. 

piston sampler may be used. 

within the tube to help retain the sample. 

5. A stainless steel tube sampler is typically used to minimize chemical r action between the sample and 
the sampling tube. 

6. With the sampling tube resting- on the bottom of the hole and the water level in the boring at 

 

e .ee 	e 

 

e • _e 

 

   

impacting or twisting. If the soil is too hard to pen-et-rate by pushing alone, careful hammering may bo 

revolution to shear the sample off at the bottom. In no case shall the tube be pushed farther than the 
length provided for the soil sample. Allow about 3 inches in the tube for cuttings and sludge. 

7. Upon removal of the sampling tube from the hale, m acure the length of sample in the tube and also 
the length penetrated. 

8. Remove disturbed material in the upper end of the tube and measure the length of sample again. 

- • • 
material such as paper or cloth) tightly in each end of the Shelby tube and then pour melted wax into 

both ends. 

10. Place plastic caps on the ends, tape the caps in place, and dip the ends ih wax to prevent loss of soil. 
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11. Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery 
length on the label. 

12. Mark the "up" direction on the side and upper end of the tube with indelible ink. 

13. Complete a chain of custody form (see SOP SA 6.3) and other required forms (including Attachment 
A of this SOP). 

• 

disturbance. 

CAUTION 

out of the sun at all times. 

CAUTION 

injury or fire. 

Electrical-Heating 

kc sure a Ground 

operation (at least 50 feet). Ensure that the extension cord is rated for the intended load 
and for outdoor use and is free from recognizable damage. Ensure flammable 
preservatives are not employed or stored near the hot plate. Although a Hot Work Permit 
is not required, scene safety evaluation by site personnel of the above elements is. As 

ee e• 

accessible as well as any provisions for first aid measures. 

Open-Flame 

-e..e - - 	-e 	e 
applications. The Hot Work Permit, provided in your HASP, will aid the FOL and/or tho 
SSO in ensuring that fire protection provisions (extinguishers, fire watches, etc.) are in 
place as well as ensuring that local requirements have been addressed. 

Ensure that water is available to address any wax splashes or contact. If possible, 
immerse the contacted area. Where this is not possible, run water over the area and 
apply cold compresses. The need for medical attention or first aid shall be determined 
on site under the direction of the SSO. 

e T. 

. 	„ 
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NOTE 

defined as soil from 0 to 2 inches below ground surface (bgs), and sometimes it is defined 
- - 	e 

coil depth is clear befor -collecting surface coil samples. 

in this SOP as follows: 

e 	e• 

appropriate depth ranges. 

Safety-Reminder 
e• • _e"- e-ee 	-•e. e • 

occur, remove the latex gloves, treat for an-allergic Feaction;  and seek medical attention 
as-neeessal:y7 
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6.3 	Surface Soil Sampling 

The simplest, most direct method of collecting su-Ffacre soil samples for subsequent analysis is by use of a 
stainless steel shovel, hand auger, soil corer, or stainless 	disposable plastic trowel. 

• e:•: 	•• e e 	•e 	e•••• 

• Stainless steel or pre cleaned disposable trowel. 

• Stainless steel hand auger, coil corer, or shovel. 

• Required PPE. 

Nitrile surgeon's or latex gloves may bo-usod, layered as necessary. 

--Safety 	glasses 

 

• •e e_e-• e 

 

:Ak 	 • ...M. 

  

   

• - 	-••• 	e• - 	•••• 

• Required sample container(s) 

• Wooden stakes or pin flags 
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• Sealable polyethylene bags (e.g., Ziploc® baggies} 

• Heavy duty cooler 

• Ice 

3. 	Using a precleaned syringe or EnCorem  samplers, follow the procedure in Section 6.2.1 for collecting 

collected deeper than 6 inches bgs because shallower material has usually lost most of the volatile& 
• e_e - 	e 

witici-the-plann-ing-elosument 

remaining sample containers. See Section 6.5 of this procedure for hand auger instruction, a& 
needed. 

5. 	Transfer the sample into those containers utilizing a stainless steel trowel. 

..et t...•t 
all tho categories described in SOP SA 6.3. 

foavc the arm better than we found it. Do NOT create trip hazards in areas when pedestrian traffic 
enay-exist7 

6-4----Near-Supfase-Sell-Samplinq 

equipment listed under Section 6.5 of this procedure. 

To obtain near surface soil samples, the following protocol shall be used: 

- 	_e 	e •- eee • -e. 

approximately 1 foot by 1 foot. 

stainless steel or pre cleaned disposable trowel to remove any loose soil. 

3. 	Follow steps--1-th-r-eugh-9-ef-Sestieri-6,-3 

Revision 

9 
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CAUTION 
Potential hazards associated with hand augering include: 

Muscle strain and sprain due to over twistihg-andier ever compromising yourself. 

Equipment failure due to excessive stress-en tho T handle or rods through twisting. 

due to that failure. 

Ticket! 

withdrawn and the soil sample collected. 

material and collapse of the borehole normally limit sampling depth. 

e .....e••e 	• ..e _..••e. •e 	•e _ •..•e 	•e 

•• 	•e. ee • 

e. ee _ • 	 •-•e. 	 •- e e 	•e e e.-e- 

attach the T handle to the extension rod. 
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A hand augering system generally consists of a variety of stainless steel bucket bits (approximately 65 

the bucket as it is advanced into the ground. 

• _e 	e- ee.... 	 ..• 
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samplers, follow the procedure in Section 6.2.1 for collecting 

SAFETY REMINDER 

e- e 
e-e -:—•e 

 

_e 	e 

 

  

   

hazards such the corer collapsing under your weight. To reduce the potential for muscle 
strain and damage, the following measures will be incorporated: 

e 
predominant in in the early morning hours (prior to muscles becoming limber) and later 
in the day (as a result of fatigue). 

Number 
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Subject 

SOIL SAMPLING Revision 

9 

Page 

16 of 31 

Effective Date 

04/07/2008 

  

'et ee - 

   

e 	- • _ 	t 	-eee 

 

      

         

 

ee . •e ee 	e e• 

     

  

.e e 	- e eee e 	•• 

  

    

      

as a function of depth. The project-specific planning document (SAP, HASP, etc.) describe 
requirements for- scanning the soil with a real time air monitoring instrument (e.g., PID, FID, etc.) and 
recording the measurements. 

 

-e e-e • - 

 

ee e 	•• • 	 e- 	..••: -e 

 

   

    

withdraw the apparatus from the borehole to prevent or minimize movement of soil from shallower 
intervals to the bottom of the hole. 

rod extension and replace it with another properly 
decontaminated bucket bit. The bucket bit used for sampling is to be smaller in diameter than tho 
bucket bit employed to initiate the borehole. 

8. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the boroholc 
sides. 

e 	_e 	_ee e •• 

10. Discard the top of the core (approximately 1 inch), which represents any loose material collected by 
the bucket bit before penetrating the sample material. 

steel-MiXing-bewk 

   

ly as practicable then fill the remaining sample 

 

- 	e• 

 

  

 

containers. Refer to Section 6.2.2. 

1/1. Follow steps 1 through 7 listed in Section 6.3. 

 

A soil corer is a stainless steel tube equipped with a cutting shoe and sample window in the side. The soil 

the sleeve. 

Use, application, and sample protocol is the same as for h  

   

 

•e e e e-e _ee - e_ 

 

  

   

 

.-e 

    

     

....e 	•. e•• 
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and/or cold stress may dictate. 

obstruction. Move to another location noar the sampling paint. Exerting additional 

potentially injure someone in the immediate vicinity. 

e  _ _ 
If there is a sudden release, it could result in a fall or muscle injury due to strain. 

Safety-Reminder 
It is intended through the Equipment Inspection for grill Rigs form provided in the HASP 

-2" 

Knots or sufficient mechanical devises), and is in overall good condition. 
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A split barrel (split spoon) sampler consists of a heavy carbon steel or stainless steel sampling tube that 
can be split into two equal halves to reveal the soil sample (see Attachment B). A drive head is attached 
to the upper end of the tube and serves as a point of attachment-for the drill rod. A removable tapered 

e.- 
retainer can be fitted to the lower end of the split tube to held [Peso, dry soil samples in the tubo when the 
sampler is removed from the drill hole. This split Ibarnal sampler is made to be attached to a drill rod and 
forced into the ground by means of a 110 pound or larger casing driver. 

Split barrel samplers aro used to collect coil samples fr-em a wide variety of coil types and from depth& 
greater than those attainable with other soil sampling equipment. 

The following equipment is used for obtaining split barrel samples: 

• Drilling equipment (provided by subcontractor). 

• Split barrel samplors (2 inch OD, 1 3/8 inch IS, either 20 inshos er 26 inches long); Larger OD 
samplers are available if a larger volume of sample is needed. 

• Drive weight assembly, 110 pound weight, driving head, and g-61-ide permitting free fall of 30 inches. 

• Stainless steel mixing bowls. 

• Equipment listed in Section 6.3. 

The following steps shall be followed to obtain split barrel samples (Steps 1 through 4 arc typically 
e. 	e •• e e 	• - e 

1. 	Attach the split barrel sampler to the sampling rods. 

019611/P 
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sampler into the soil 	110 	or larger hammer. using 	pound 

- e 	e-e 	• 

borehole. 

it can be opened using 	wrenches. pipe 

5. Detach the sampler-trem-the-€1411-Fees, 

6. Place the sampler securely in a vice so 

CAUTION 

helper should not apply excessive force through the use of cheater 	or 	or 	in pipes 	push 	pull 
the direction 	if the wrench slips, hands or fingers will be trapped where, 	 against an 

imezievable-ebjesh 

sample. 

a real time air monitoring instrument (e.g., FID, PID, etc.) (as 8. Immediately scan the sample core with 
specific 	documents dictate). 	Carefully separate (or sut) the coil core, with a project 	planning 

the core for elevated 	Also scan stained soil, soil lenses, and anomalies readings. 
Feeer-d-readiPw 

(if present), and 

collect the sample scheduled for volatile 	from the were observed, 	 analysis 9. If elevated vapor readings 
center of the core 	 readings occurred. If no elevated readings 	 the where elevated 	 whore encountered, 
sample material should be 	from the core's center (this area represents the least disturbed collected 
area with minimal 	 contact) (refer to Section 6.2.1). atmospheric 

the small 	of disturbed coil usually found at the top of the core sample) and 	the 	into portion place 	soil 	a 

containers (refer to Section 6.2.2). 

DPT. 	DPT equipment, 

e 	e 	te- 	• 	• _ 	 e_e• 

6.7 

Subsurface 

Subsurface Soil Sampling Using Direct-Push Technology 

responsibilities, 
soil samples can be collected to depths of 40+ feet using 

and procedures are described in SOP SA-2.5. 

&SA -Applicability 

e 	e 
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e e- 	•• •- ..... 	_e .•e •e •e eee 	e .•e 
ft AM• 	 • 	A. &&&&& 	Ma am 	41,11^.0 .e  

they are usually limited to a few feet below the water table. In some cases, a pumping system may be 

test borings instead of test pits. 

whether removed from the site or returned to the subsurface, must be properly handled according to any 

Test pits or trench excavations arc constructed with the intent that they will provido an open view of  
subsurface lithology and/or disposal conditions that a baring-will net provide. These procedures describe 

Test pits and trenches may bo excavated by hand or power oquipment to permit detailed descriptions of 

CAUTION 
•e •- - 	e• e e e 	 ee_ 

pit or excavation over 1 feet deep except ac a last resort, and then only under direct 

is required, all test pits or excavations must be stabilized by bracing the pit sides using 
specifically designed wooden, steel, or aluminum support structures or through sloping 
and benching. Personnel entering the cxcavatieh- may be exposed to toxic or explosive 

Competent Person to determine if it is safe to enter. Any entry into a trench greater than 

conformance with OSHA standard 29 CFR 1910.146. In all cases involving entry, 
substantial air monitoring, before entry, appropriate respiratory gear and protective 

_ e • •e e- - •• •- e• 

complexity of the work to be performed. The ader shall refer to OSHA regulations 
29 CFR 1926.650, 29 CFR 1910.120, 29 CFR 1-9-10.131, and 29 CFR 1910.146. High 
hazard entries such as this-will be supported by members of the Health Sciences Group 

professionally trained in-these activities. 

the-following; 

• The chemicals of concern 
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Trenching machine 0.25 to 1.0 

2-te-6 Basichoe41--rask-Hee 

Equipment Typical-Widths,in-Feet 
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table provides guidelines for design consideration based on equipment efficiencies. 

The lateral limits of excavation of trenches and the position of test pits shall be carefully marked on arc\a 
e.. 
utilities, or dangerous conditions, the limits of the excavation shall bo surveyed. Also, if precise 

purposes, the elevation of the ground surface at the test pit or trench location shall also be determined by 
survey. If the test pit/trench will not be surveyed immediately, it shall be backfilled and its position 
identified with stakes placed in the ground at the margin of the excavation for later surveying. 

The construction of test pits and trenches shall be planned and designed in advance as much as possible. 
However, the following field conditions may necessitate revisions to the initial plans: 

•—Si.tbsuitfase-titilities 

• Vehicle and pedestrian traffic patterns 

 

- 

   

  

e• e ee 	. e e• . • . 	- 

 

   

Competent Person. The actual layout of each test pit, temporary staging area, and spoils pile may further 
be predicated based on site conditions and wind direction at the time the test pit is excavated. Prior to 
excavation, the area may be surveyed by magnetometer or metal detector or other passive methods 

within an enclosed cab. 

'e e: -e": -•- 
supervision of a Competent Person. If entrance is required, OSHA roquiremonts muct bo met (c.g., wall& 

-••ee 	e_ 	- 

surface of the hole before entry in situations where the excavation may be approached by traffic. Spoil& 
will be stockpiled no closer than 2 feet from-the sidewall of the excavation. The excavation equipment 
operator shall be careful not to undercut sidcwalls and will, where necessary, bench back to increase 
stability. The top cover, when considered clean, will be placed separately from the subsurface materials to 
permit clean cover. It is emphasized that the project data needs should be structured such that required 
samples can be collected without requiring entrance into the excavation. For example, samples of 
leachate, groundwater, or sidewall soil can be collected with telescoping poles or similar equipment. 

excavations in cohesionlecs material below the groundwater table and for excavations left open greater 
than a day. Liquids removed as a rec -  
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more cost effective method of sampling than installing borings. 

relatively undisturbed (hand carved or 

borings, but often test pits offer a faster, 

6.8.3.2 	Sampling Equipment 

pushed/driven) samples that can be tested for geotechnical 

in the site specific project plans. 

Where possible excavations and test pits shall be opened-and closed within the same working day. Where 
this is not possible, the following engineering controls shall be put in place to control access: 

• Trench covers/street plates 

• Fences encompassing the entire excavation intohded to control access 

• Warning signs warning personnel of the hazards 

• Amber flashing lights to demarcate boundaries of the excavation at night  

6.8.3.1 	General 

Log test pits and trenches as they are excavated in asoordance with the Test Pit Log presented in 
Attachment C. These records include plan and profile sketches of the test pit/trench showing materials 

- :e 	e:e • 	e. 	e 

Entry of test pits by personnel is extremely dangerous, shall be avoided unless absolutely necessary, and 
can occur only aftor all applicable health and safety arid OSHA requirements have been met as stated 
above. These provisions will be reiterated as 

in each test pit may also be collected. 

In some cases, samples of soil may be extracted from the test pit for reasons other than waste sampling 
and chemical analysis, 

The following equipment is needed for obtaining samples for chemical or geotechnical analysis from test 
pits and trenches: 

• Backhoe or other excavating machinery. 

• Shovels, picks, hand augers, and stainless steel trowelsklisposable trowels. 

.et ee 

ee ee e e 
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right angle-adapter for conduit (see Attachment D). 

6.8.3.3 	Sampling Methods 

The methods discussed in this section refer to test pit sampling from grade level. If test pit entry is 
required, see Section 6.8.3.1. 

 

e e 	2. • 2. • • 	• • 2 • - 

 

. „ 

 

   

    

use of a sand bar cutting plate, use of this device is recommended to avoid potentially snagging 
utilities with the excavator teeth. It is recommended that soil probes or similar devices be employed 
whore buried items or utilities may be encountered. This permits the trench floor to be probed prior to 
the next cut. 

• After each increment: 

increments for lithological evaluations may range from 2 to 1 feet i or where lithological changes 
arc noted. 

• • • •et 	z 	e 	-e 

Any drums, other potential waste containers, obstructions, or utility lines are encountered 

Distinct changes of material being excavated are encountered 

This action is necessary to permit proper sampling of tho test pit and to prevent a breach of safety 
protocol. Depending on the conditions encountered, it may be required to excavate more slowly and 
Garefully-with4Re-baelchee 

For obtaining test pit samples from grade level, the following procedure shall be followed:  

• Use the backhoc to remove loose material from the excavation walls and floor to the greatest extent 
possible. 

• Secure the walls of the pit, if necessary. (There is seldom any need to enter a pit or trench that would 
justify the expense of shoring the walls. All observations and samples should be taken from the 
ground surface.)- 

e e: ee.•-e - 

material after after it has been deposited on the ground, as follows: 

_ e • 	• • 
	 .. 	 _e•e- 
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•---Gemplote-deGURlent e• 	 et,: • a' 	, -e 	.. 

e • 	• - e e.•e 	• 

controls or shut the machine down. 

• -• 	e•• -e e • - ee- 	e 	• 	- 	ee 	•- ••••e 

directed in the project specific planning documents. 

intervals. 

• If a composite sample is desired, 

However, if compositing in the field is required, eel; sample container shall be filled from materials 

CAUTION 
Glare must be exercised when using the remote sampler described in tho next step 

than 6 feet deep. An immediate moans to oxtFact people who-have fallen into the trench 

•: e-_ -e 	• 	e•• 

the sidewall or bottom of the pit as follows: 

a. Scrape the face of the pit/trench using a long handled shovel or hoc to remove the smeared zone 
that has contacted the backhoe bucket. 

b. Collect the sample directly into the sample jar, by scraping with the jar edge, eliminating the need 

6.8.3/1 	In Pit Sampling 

Under rare conditions, personnel may bo required to enter the test pit/trench. This is necessary only when 

ge occurring at discrete 
levels or zones in the test pit that are not accessible with remote samplers. 
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for by the following criteria: 

compounds, in that order). Action levels will be provided in project specific planning documents. 

• _- a- ee -• 

sites, this individual shall be dressed in selected PPE as required by the conditions in the pit. He/she shall 

A second and possible third individual shall be fully dressed in protective clothing including a self  
_e- 	•-e 	• •e e 

 

- • a` 	* C 

 

  

   

assisted self rescue. The individual entering the pit shall remain therein for as brief a period as practical, 
commensurate with performance of his/her work. After removing the cm ared zone, samples shall be 
obtained with a decontaminated trowel or spoon. 

6.8.3.5 	Geotechnical Sampling 

e • 	2 	cc._ e 

geeteeh-n-isal-samplieg4 

that can be pushed or driven into the floor of the test pit. 

• Suitablo driving (e,g., sledge hammer) or pushing (e.g., backhoe bucket) oquipment used to advanco 
the sampler into the coil. 

• Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safely transporting 
collected soil samples. 

• Geotechnical equipment (pocket penetrometer, torvanc, etc.) for field testing colloctod soil samples 
for classification and strength properties. 

Disturbed grab or bulk geotechnical coil samples may be collected for most coil in tho same manner as 
-e -"e 	•-- e- 	e ee • 

lined sacks (larger samples), which will preserve their moisture content. Smaller samples of this type aro 

aro aro usually required to perform compaction tests. 

Relatively undisturbed samples are usually-extracted in cohesive soil using thin walled tube samplers, and 
such samples are then tested in a g  

e e 	e 

performing Shelby tube sampling in borings, except that the sampler is advanced by hand or backhoe, 
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elevations.  Extracting tube samples horizontally from the walls of the test pit is not appropriate because 
the sample will not have the correct orientation. 

thus minimizing disturbance to the sample. When using a sledge hammer,  it is recommended  that the 

ckhoc and extract.  This 
means-  an alternative head will be used as a connection point or that-multiple choke hitches will be applied 

subsurface  utilities, hand excavate  to remove the sell from around the sides of the sampler.  if hand  

• _ e 

6.9 	Records 
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rather than by a drill rig. Also, the sampler may be  extracted from the  test- pit by excavation around  the 

protected. 

Before backfilling, the onsite  crew may  photograph, if required by- the project specific work plan, all 

descriptien-of-feature,  and date of phots  e e 

shall be entered in the site logbook.  All  photographs -shall  be  indexed  and maintained as  part of the 
project file for future reference.  

After inspection, backfill material shall bo returned  to-the-pit under the direction of tho FOL. Backfill should 

 

ee 

 

-•e 	-e 

 

   

    

 

e- e "e • 

 

- 	-•-• _•e ee- 	-e 	e•• 	e- 	• _ e 	- 

  

will continue to the grade surface.  It is- recommended that the trench be tracked or  rolled in. During 
excavation, clean  soil from the top 2 feet may  have boon  separated to 	to covor  the last segments.  
Where these materials are not clean, it is-recommended-that cI an fill be 14sed for the top cover.  

The appropriate sample log sheet (see Attachment A of this SOP) must be completed by the site 
geologist/sampler for all samples collected. All soil sampling locations should be documented by tying in 
the location of two or more nearby permanent landmarks (building, telephone pole, fence, etc.) or 
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obtaining GPS coordinates; and shall be noted on the appropriate sample log sheet, site map, or field 
notebook. Surveying may also be necessary, depending on the project requirements. 

e 	e•. .e•e 
- 	e-e ee 	 e•- 	e-e ee 	 9 	e••e. 	 -• .e• 	 .e. 	 . 	 _ 	e 

-... 	e 	-- 	-e 	• 	...- 	e-e 	ee 	.... 	e- 	e 	.e. 	-" 	e 	..-,e- 	'le 	-..t. -. 	- 	-e .e .e. 	_ 	... 	..e . 	e 	.. 
trenches shall be logged by the field 	in accordance with SOP GH 1.5. geologist 

Competent Person will be 

and D1586-84. ASTM 

Other data to be recorded in the field logbook 

• Name and location of job 

• Date of boring and excavation 

• Approximate surface elevation 

• Total depth of boring and excavation 

• Dimensions of pit 

• Method of sample acquisition 

• Type and size of samples 

• Soil and rock descriptions 

• Photographs if required 

• Groundwater levels 

• PID/FID/LEU02  meter readings 

• Other pertinent information, such as waste 

In addition, site-specific documentation to 
required including: 

• Calibration logs 

• Excavation inspection checklists 

• Soil type classification 

7.0 	REFERENCES 

American Society for Testing and Materials, 
Annual Book of Standards. ASTM. Philadelphia, 

NUS Corporation, 1986. Hazardous Material 

NUS Corporation and CH2M Hill, August, 
the U.S. EPA. 

include the following: 

material encountered 

be maintained by the SSO and/or 

1987. ASTM Standards D1587-83 
Pennsylvania. Volume 4.08. 

Handling Training Manual. 

1987. Compendium of Field Operation Methods. Prepared for 
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OSHA, Excavation, Trenching and Shoring 29 CFR 1926.650-653. 

OSHA, Confined Space Entry 29 CFR 1910.116. 

USEPA, November 2001. Environmental Investigations Standard Operating Procedures and Quality 
Assurance Manual. 
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ATTACHMENT A 
SOIL & SEDIMENT SAMPLE LOG SHEET 

inb Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page of 

Project Site Name: 
Project No.: 

a Surface Soil 
11 Subsurface Soil 
0 Sediment 
0 Other: 
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1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the process to be used for purging groundwater 
monitoring wells prior to sampling, for collecting groundwater samples, and for measuring groundwater 
quality parameters.    
 
2.0 SCOPE 

This document provides information on proper sampling equipment, onsite water quality testing, safety 
measures to ensure the safety of the field technician(s), and techniques for groundwater sampling.  All 
personnel are encouraged to review the information contained herein to facilitate planning of the field 
sampling effort.  The techniques described shall be followed whenever applicable, noting that site-specific 
conditions or project-specific plans may require modifications to methodology.   
 
3.0 GLOSSARY 

Conductivity – Conductivity is a numerical expression of the ability of an aqueous solution to carry an 
electric current.  This ability depends on the presence of ions and their total concentration, mobility, 
valence, and relative concentrations and on temperature.  Conductivity is highly dependent on 
temperature and should be reported at a particular temperature, i.e., 20.2 microSiemens per centimeter 
(mS/cm) at 14°C. 
 
Dissolved Oxygen (DO) – DO levels in natural and wastewater depend on the physical, chemical, and 
biochemical activities in the water sample. 
 
Groundwater Sample – A quantity of water removed from the ground, usually via a monitoring well that 
may or may not be lined with a well casing. 
 
Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species 
as determined by the electromotive force developed by a noble metal electrode immersed in water, as 
referenced against a reference electrode.  A reference electrode commonly used in the field is the 
silver/silver chloride electrode, which has a voltage offset of about 210 mV from the standard hydrogen 
electrode (SHE).  To convert field ORP measurements to equivalent SHE values, approximately 210 mV 
must be added to the ORP values obtained using the silver/silver chloride electrode.  The actual offset 
depends on the concentration of the potassium chloride (KCl) in the field reference electrode and the 
temperature.  Offsets typically range from 199 (saturated KCl) to 205 (3.5 Molar KCl) to 222 mV (1 Molar 
KCl) at 25°C and are greater at lower temperatures. 
 
pH - The negative logarithm (base 10) of the hydrogen ion activity.  The hydrogen ion activity is related to 
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal.  Thus, for all 
practical purposes, pH is a measure of the hydrogen ion concentration. 
 
pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which it is 
exposed.  Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution's pH. 
 
Representativeness – A qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point.  It is therefore an important 
characteristic not only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction.  Proper sample location selection 
and proper sample collection methods are important to ensure that a truly representative sample has 
been collected.   
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Salinity – The measurement of dissolved salts in a given mass of solution.  Note:  most field meters 
determined salinity automatically from conductivity and temperature.  The value will be displayed in either 
parts per thousand (ppt) or percent (e.g., 35 ppt equals 3.5 percent).  The parts per thousand symbol 
(0/00) is not the same as the percent symbol (%). 
 
Turbidity – Turbidity in water is caused by suspended matter such as clay, silt, and fine organic and 
inorganic matter.  Turbidity is an expression of the optical property that causes light to be scattered and 
absorbed rather than transmitted in a straight line through the sample. 
 
 
4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, initial 
sampling locations, and field procedures used in the collection of groundwater samples.  Additionally, in 
consultation with other project personnel (geologist, hydrogeologist, etc.), the Project Manager identifies 
sampling locations. 
 
Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan (HASP).  This includes but is not be 
limited to performing air quality monitoring during sampling, boring and excavation activities, and ensuring 
that workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne 
contaminants.  The SSO or SSO designee may also be required to advise the FOL on other safety-
related matters regarding sampling, such as mitigative measures to address potential hazards from 
hazardous objects or conditions.   
 
Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP or other project-specific documents. In addition, this individual is 
responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, container labels, custody seals, and chain-of-custody forms) associated with the collection of those 
samples. 
 
Project Hydrogeologist – This individual is responsible for selecting and detailing the specific groundwater 
sampling techniques, onsite water quality testing (type, frequency, and location), equipment to be used, 
and providing detailed input in this regard to the project planning documents.  The project hydrogeologist 
is also responsible for properly briefing and overseeing the performance of site sampling personnel. 
 
Field Operations Leader (FOL) – This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples.  He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures.  When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit.  The FOL is ultimately responsible for adherence to 
Occupational Safety and Health Administration (OSHA) regulations during these operations through self 
acquisition or through the management of a field team of samplers. 
General personnel qualifications for groundwater sample collection and onsite water quality testing 
include the following: 
 
• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 
• Capability of performing field work under the expected physical and environmental (i.e., weather) 

conditions. 
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• Familiarity with appropriate procedures for sample documentation, handling, packaging, and 

shipping.  
 
5.0 HEALTH AND SAFETY 

Specific safety and health precautions are identified throughout this SOP.  In addition to those 
precautions, the following general hazards may be incurred during sampling activities: 
 
• Knee injuries from kneeling on hard surfaces 
 
• Slips, trips, and falls 
 
• Cuts and lacerations 
 
• Traffic hazards associated with sampling in parking areas and roadways and along highways. 
 
Methods of avoiding these hazards are provided below. 
 
Knee injuries – Many monitoring wells are installed as flush mounts.  Personnel are required to kneel to 
open these wells and to take groundwater level measurements, etc. This could result in knee injuries from 
kneeling on stones/foreign objects and general damage due to stress on the joints. To combat this 
hazard: 
 
• Clear any foreign objects from the work area. 
 
• Wear hard-sided knee pads.  
 
Slips, Trips, and Falls – These hazards exist while traversing varying terrains carrying equipment to 
sample wells. To minimize these hazards: 
 
• Pre-survey well locations. Eliminate, barricade, or otherwise mark physical hazards leading to the 

locations. 
 
• Carry small loads that do not restrict the field of vision. 
 
• Travel the safest and clearest route (not necessarily the shortest). 
 
Cuts and Lacerations – To prevent cuts and lacerations associated with groundwater sampling, the 
following provisions are required: 
 
• Always cut away from yourself and others when cutting tubing or rope.  This will prevent injury to 

yourself and others if the knife slips. 
 
• Do not place items to be cut in your hand or on your knee. 
 
• Change blades as necessary to maintain a sharp cutting edge.  Many accidents result from struggling 

with dull cutting attachments. 
 
• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 

the hand not using the knife. 
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• Keep cutting surfaces clean and smooth.  
 
• Secure items to be cut -- do not hold them against the opposing hand, a leg, or other body part. 
 
• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 

fall, you will be less likely to get cut by broken glass. 
 
• DO NOT throw broken glass or glass ampoules into garbage bags.  Place broken glass and glass 

ampoules in hard-sided containers such as a cardboard box or directly into a dumpster.  DO NOT 
reach into garbage bags to retrieve any item accidentally thrown away.  Empty the contents onto a 
flat surface to avoid punctures and lacerations from reaching where you cannot see.  

 
Vehicular and Foot Traffic Hazards – When sampling along the roadway or near traffic patterns, follow 
the following precautions: 
 
• Motorists may be distracted by onsite activities – ASSUME THEY DO NOT SEE YOU OR MEMBERS 

OF YOUR FIELD CREW. 
 
• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 

personnel to move into the flow of traffic to avoid your activities or equipment or that will create a 
blind spot.  

 
• Provide a required free space of travel.  Maintain at least 6 feet of space between you and moving 

traffic.  Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes.   

 
• Face Traffic.  Whenever feasible, if you must move within the 6 feet of the required free space or into 

traffic, attempt to face moving traffic at all times.  Always leave yourself an escape route. 
 
• Wear high-visibility vests to increase visual recognition by motorists. 
 
• Do not rely on the vehicle operator’s visibility, judgment, or ability.  Make eye contact with the driver. 

Carefully and deliberately use hand signals so they will not startle or confuse motorists or be 
mistaken for a flagger’s direction before moving into traffic. 

 
• Your movements may startle a motorist and cause an accident, so move deliberately.  Do not make 

sudden movements that might confuse a motorist. 
 
6.0 PROCEDURES 

6.1 General 

For information derived from a groundwater sample to be useful and accurate, the sample must be 
representative of the particular zone being sampled.  The physical, chemical, and bacteriological integrity 
of the sample must be maintained from the time of sampling to the time of analysis to keep any changes 
in water quality parameters to a minimum.   
 

CAUTION 
A closed well may generate and accumulate gases due to biological degradation, 

evolution of volatile chemicals from groundwater into the air, or other chemical actions. 
These gases may also be artificially generated, such as in the case of air sparging or 
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extraction wells, which may take several days to depressurize. See Section 6.6.2 for 
safety measures to be employed to protect sampling personnel. 

 
Methods for withdrawing samples from completed wells include the use of pumps, compressed air or 
nitrogen, bailers, and various types of samplers.  The primary considerations in obtaining a representative 
sample of groundwater are to avoid collection of stagnant (standing) water in the well and to avoid 
physical or chemical alteration of the water sample due to external influences of the sampling 
technique(s).  In a non-pumping well, there will be little or no vertical mixing of water in the well pipe or 
casing, and stratification will occur.  The well water in the screened section will mix with groundwater due 
to normal flow patterns, but the well water above the screened section will remain isolated and become 
stagnant.  Concentration gradients resulting from mixing and dispersion processes, layers of variable 
geologic permeability, and the presence of separate-phase product (e.g., floating hydrocarbons) may 
cause stratification.  Excessive pumping or improper sampling methods can dilute or increase 
contaminant concentrations in the collected sample compared to what is representative of the integrated 
water column as it naturally occurs at that point, resulting in the collection of a non-representative sample. 
To safeguard against collecting non-representative samples, the following approach shall be followed 
prior to sample acquisition: 
 

CAUTION 
Mechanical agitation of well water may cause off-gas generation of volatile contaminants, 

creating an inhalation exposure to the sampler(s).  Where avoiding an inhalation 
exposure is not possible and mechanical agitation is possible, pump into closed-top 

containers to control potential air emissions. 

 
1. If possible, position yourself (and the sampling equipment) upwind of the well head. 
 
2. Purge the monitoring well to be sampled prior to obtaining any samples from it.  Evacuation of three 

to five well volumes is recommended prior to sampling, unless low-flow purging and sampling 
methods are utilized as described in Section 6.7 (Consult the site-specific SAP for exact purging 
parameters).  In a high-yielding groundwater formation and where there is no stagnant water in the 
well above the screened section, extensive evacuation prior to sample withdrawal is not as critical as 
it is in a low-yielding well or in wells containing stagnant water.   

 
3. For wells with low yields that are purged dry during sampling, evacuate the well and allow it to 

recover to 75 percent of full capacity prior to sample acquisition.  If the recovery rate is fairly rapid 
(generally 300 mL per minute or greater), attempt to continue evacuation until the number of well 
volumes specified in the SAP is achieved.  If this cannot be accomplished, allow recovery to 75 
percent of capacity and begin sampling. 

 
 
 
 

CAUTION 
For moderate to high-yielding monitoring wells, an evacuation rate that does not cause 
excessive turbulence in the well should be selected.  There is no absolute safeguard 
against contaminating the sample with stagnant water; hence, special techniques are 
required for purging to minimize the potential for sample contamination (see below).   

 
4. For moderate to high-yielding monitoring wells, use one of the following purge techniques:   
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• Place a submersible pump or the intake line of a surface pump or bailer just below the water 
surface when removing the stagnant water. 

 
• While purging and as the water level decreases, lower the pump or intake line as the water level 

drops in the well.  Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated.  After this is accomplished, a bailer or 
other approved device may be used to collect the sample for analysis. 
 

• Unless otherwise directed, place the intake line of the sampling pump (or the submersible pump 
itself) near the center of the screened section, and pump approximately one casing volume of 
water from the well at a low purge rate equal to the well's recovery rate (low-flow sampling). 

 

6.2 Sampling, Monitoring, and Evacuation Equipment 

Sample containers shall conform to the guidelines in SOP SA-6.1. 
 
The following equipment shall be on hand when sampling groundwater wells (reference SOPs SA-6.1 
and SA-7.1): 
 
• Sample packaging and shipping equipment – Coolers for sample shipping and cooling, chemical 

preservatives, appropriate sampling containers and filler materials, ice, labels, and chain-of-custody 
documents.   

 
• Field tools and instrumentation 
 

− Multi-parameter water quality meter with an in-line sample chamber capable of measuring ORP, 
pH, temperature, DO, specific conductance, turbidity, and salinity, or individual meters (as 
applicable) 

 
− pH Paper 
 
− Camera and film (if appropriate) 
 
− Appropriate keys (for locked wells) 
 
− Water level indicator and/or oil-water interface probe if separate-phase product is expected 

 
• Pumps 
 

− Shallow-well pumps:  Centrifugal, bladder, suction, or peristaltic pumps with drop lines and air-lift 
apparatus (compressor and tubing) where applicable. 

 
− Deep-well pumps:  Submersible pump and electrical power-generating unit, or bladder pumps 

where applicable. 
 
• Other sampling equipment – Bailers, graduated cylinder, stopwatch, and inert line with tripod-pulley 

assembly (if necessary).   
 
• Pails – Plastic, graduated. 
 
• Clean paper or cotton towels for cleaning equipment. 
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• Buckets with lids for collecting purge water. 
 
• Decontamination solutions – Deionized water, potable water, phosphate-free laboratory-grade 

detergent, and analytical-grade solvent (e.g., pesticide-grade isopropanol), as required. 
 
Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well purging and sample collection.  
 

6.3 Calculations of Well Volume 

To ensure that the proper volume of water has been removed from the well prior to sampling, it is first 
necessary to know the volume of standing water in the well pipe (including well screen where applicable).  
This volume can be easily calculated by the following method.  Calculations shall be entered in the site 
logbook or field notebook or on a sample log sheet form or equivalent electronic form(s) (see SOP 
SA-6.3): 
 
1. Obtain all available information on well construction (location, casing, screen, etc.). 
 
2. Determine well or inner casing diameter. 
 
3. Measure and record static water level (depth below ground level or top of casing reference point). 
 
4. Determine depth of well by sounding using a clean, decontaminated, weighted tape measure or water 

level indicator. 
 
5. Calculate number of linear feet of static water (total depth or length of well pipe minus the depth to 

static water level). 
 
6. Calculate one static well volume in gallons  ( ) ))((163 2rT0.   =   V  
 
 where: V = Static volume of well in gallons. 

T = Linear feet of water in the well. 
  r = Inside radius of well casing in inches. 

0.163 = Conversion factor (compensates for conversion of casing radius         
                          from inches to feet and cubic feet to gallons and pi. 

 
7. Per evacuation volumes discussed above, determine the minimum amount to be evacuated before 

sampling. 
 
Measuring devices may become contaminated when gathering the above information if they are 
submerged in contaminated water. Decontamination of the tape or water level indicator must be 
conducted between measurements in different wells as follows: 
 
1. Saturate a paper towel or clean cotton towel with deionized water.  
 
2. As the measuring device is extracted, wipe the tape, changing the cleaning surface frequently. 
 
3. After it is extracted, rinse the probe or tape using a spray bottle of deionized water over a bucket or 

similar collection container. 
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Based on the contaminant (oily, etc), it may be necessary to use a soap and water wash and rinse to 
remove contaminants.  Isopropanol can be used on the probe/tape.  However, it is recommended that the 
use of solvents on the tape be minimized because they could degrade the protective covering or possibly 
remove the scale designations.  If isopropanol (or some other solvent) is used, assure that the 
manufacturer/supplier Material Safety Data Sheet (MSDS) is obtained, kept on site at a readily available 
location with other MSDSs, and reviewed by personnel prior to the first usage of the solvent.   Also, add 
the substance to the site-specific Hazardous Chemical Inventory list (see Section 5 of the TtNUS Health 
and Safety Guidance Manual [HSGM], Hazard Communication Program and OSHA Standard 29 CFR 
1910.1200). 
 

6.4 Evacuation of Static Water – Purging 

6.4.1 General 

The amount to be purged from each well will be determined prior to sample collection. This amount will 
depend on the intent of the monitoring program and the hydrogeologic conditions.  Programs to 
determine overall quality of water resources may require long pumping periods to obtain a sample that is 
representative of a large volume of the aquifer.  The pumped volume may be specified prior to sampling 
so that the sample can be a composite of a known volume of the aquifer.  Alternately, the well can be 
pumped until parameters such as temperature, specific conductance, pH, and turbidity (as applicable) 
have stabilized.  Onsite measurements of these parameters shall be recorded in the site logbook or field 
notebook or on standardized data sheets or an equivalent electronic form(s).  
 
6.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites.  
Attachment A provides guidance on the proper evacuation device to use for given sampling situations.  
All of these techniques involve equipment that is portable and readily available. 
 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages.  They generally consist of 
a length of tubing equipped with a base plate and ball check-valve at the bottom.  Bailers are comprised 
of stainless steel and plastic. They come in a variety of sizes, but the two most often used are 2 inches 
and 4 inches in diameter.  An inert non-absorbent line such as polyethylene rope is used to lower and 
then raise the bailer to retrieve the sample. As the bailer is lowered into the water column, the ball is 
pushed up allowing the tube to be filled.  When the bailer is pulled upward, the ball seats in the base plate 
preventing water from escaping. 
 
Advantages of bailers include the following: 
 
• There are few limitations on size and materials used. 
 
• No external power source is needed. 
 
• Bailers are inexpensive and can be dedicated and hung in a well to reduce the chances of cross-

contamination. 
 
• Bailers are relatively easy to decontaminate. 
 
Limitations on the use of bailers include the following: 
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• It is time consuming to remove stagnant water using a bailer. 
 
• Splashing the bailer into the water or transfer of sample may cause aeration. 
 
• The use of a bailer does not permit constant in-line monitoring of groundwater parameters. 
 
• Use of bailers is physically demanding, especially in warm temperatures at personal protection 

equipment (PPE) levels above Level D. 
 
Safety concerns using a bailer include the following: 
 
• Muscle stress and strain, especially when using 4-inch bailers and when pulling from excessively 

deep wells. 
 
• Entanglement, possible hand/finger injuries, and rope burns during a sudden release of the bailer 

back down the well. 
 
• Direct contact with contaminants of concern and sample preservatives when discharging the bailer 

contents because there is not a high level of control during a direct pour, and splashing and indirect 
contact with contaminants/preservatives could occur. 

 
Control measures for these hazards are provided in Section 6.6.2. 
 

Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and 
peristaltic pumps.  Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate.  The peristaltic pump is a low-volume pump that uses rollers 
to squeeze flexible tubing to create suction.  This tubing can be dedicated to a well to prevent cross- 
contamination from well to well.  Suction pumps are all portable, inexpensive, and readily available.  
However, because they are based on suction, their use is restricted to areas with water levels within 20 to 
25 feet of the ground surface.  A significant limitation is that the vacuum created by these pumps can 
cause loss of dissolved gases and volatile organics.  Another limitation of these pumps is that they 
require a secondary energy source to drive them.  Electrically driven pumps may require portable 
generators as energy sources.  Air diaphragm pumps require air compressors and/or compressed gas 
cylinders to drive them.  The advantage of the peristaltic pump is that it will operate from a portable 
battery source.  Safety measures associated with these pumps are provided below. 
 

Air-Lift and Gas-Lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
groundwater up a sampling tube.  These pumps are also relatively inexpensive.  Air- or gas-lift samplers 
are more suitable for well development than for sampling because the samples may be aerated as a 
result of pump action.  Aeration can cause pH changes and subsequent trace metal precipitation or loss 
of volatile organics. 
 

Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface.  The power 
sources for these samplers may be compressed gas or electricity.  Operation principles vary, and 
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displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller.  
Pumps are available for 2-inch-diameter wells and larger.  These pumps can lift water from considerable 
depths (several hundred feet). 
 
Limitations of this class of pumps include the following: 
 
• They may have low delivery rates. 
 
• Many models are expensive. 
 
• Compressed gas or electric power is needed. 
 
• Sediment in water may cause clogging of the valves or eroding of the impellers with some of these 

pumps. 
 
• Decontamination of internal components can be difficult and time consuming. 
 

Compressed Gases 

Safety concerns using compressed gases as an energy source in these pumps are numerous.  The 
nitrogen gas or compressed air is provided in a compressed gas cylinder at a pressure of approximately 
2,000 psi.  If damaged, these cylinders can become dangerous projectiles.  Additionally, a sudden 
release of a cylinder's contents can involve considerable force that could cause significant damage to the 
eyes and/or skin.  Protective measures include the following: 
 
• Always wear safety impact glasses when handling compressed gases. 
 
• Always administer compressed gases through an appropriate pressure-reducing regulator. 
 
• When clearing the cylinder connection port, open the cylinder valve only enough to clear foreign 

debris. During this process, always position the cylinder valve so that it faces away from you and 
others. 

 
• If the cylinder is designed to accept a valve protection cap, always keep that protection cap in place, 

except the cylinder is connected for use. 
 
• When using the cylinder, lay the cylinder on its side to avoid the potential of it falling and knocking the 

valve off (and becoming a missile). 
• DO NOT use the compressed nitrogen or air to clean clothing or to spray off the skin. Small cuts in 

the protective layer of the skin may permit the gas to enter into the bloodstream, presenting the 
potential danger of an embolism. 

 
See the project-specific HASP for additional direction concerning cylinder safe handling procedures 
pertaining to the safe handling, transportation, and storage of compressed gas cylinders. 
 

Electrical Shock 

Even in situations where portable batteries are used, the potential for electrical shock exists.  This 
potential risk is increased in groundwater sampling activities because of the presence of groundwater 
near the batteries.  This potential is also increased in (prohibited) situations where jury-rigging of 
electrical connections is performed.  Other potential hazards occur when field samplers open the hood of 
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a running car to access the battery as a power source.  To control these hazards: 
 
• If you are unfamiliar with electrical devices, do not experiment, get help, and get the proper 

equipment necessary to power your device. 
 
• Use the proper portable power inverters for cigarette lighter connections to minimize the need to 

access the battery under the hood of your vehicle. 
 
• Use of electrical generators may pose a number of hazards including noise, those associated with 

fueling, and indirect sample influence. 
 
To minimize or eliminate electrical generator hazards: 
 
• Inspect the generator before use. Ensure that the generator and any extension cords are rated for the 

intended operation and have a Ground Fault Circuit Interrupter (GFCI) in line to control potential 
electrical shock. 

 
• Fuel the generator before purging and sampling to avoid loss of power during sampling. 
 
• Fuel engines only when they are turned OFF and have cooled sufficiently to prevent a fire hazard. 
 
• Place the generator and any fuel source at least 50 feet from the well to be sampled to avoid indirect 

influence to the sample from fuel vapors or emission gases. 
 
Lifting Hazards 
 
This hazard may be experienced when moving containers of purge water, equipment, cylinders, etc.  To 
control these potential hazards: 
 
• Do not fill purge buckets to more than 80 percent of their capacity. 
 
• Obtain a gas cylinder of sufficient size to complete the designated task but not too large to handle. K-

size cylinders weigh approximately 135 pounds and are difficult to handle.  M-size cylinders weigh 
approximately 50 pounds and are easier to handle and move. 

 
• When necessary, get help lifting and moving gas cylinders and other heavy objects.  Minimize 

twisting and turning while lifting.  If it is necessary to move these cylinders or generators over 
significant distance, use mechanical means (carts, etc.). 

• Use proper lifting techniques as described in Section 4.4 of the HSGM. 
 

6.5 Onsite Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of an 
aqueous sample in the field: 
 
• pH 
• Specific conductance 
• Temperature 
• DO 
• ORP 
• Turbidity 
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• Salinity 
 
This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at 
a hazardous or nonhazardous waste site.  The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, or 
colloidal material or other suspended matter. 
 
This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use.  Because instruments from different manufacturers may vary, review of the 
manufacturer's literature pertaining to the use of a specific instrument is required before use.  Most 
meters used to measure field parameters require calibration on a daily basis.  Refer to SOP SA-6.3 for an 
example equipment calibration log. 
 
6.5.1 Measurement of pH 

6.5.1.1 General 

Measurement of pH is one of the most important and frequently used tests in water chemistry.  Practically 
every phase of water supply and wastewater treatment such as acid-base neutralization, water softening, 
and corrosion control is pH dependent.  Likewise, the pH of leachate can be correlated with other 
chemical analyses to determine the probable source of contamination.  It is therefore important that 
reasonably accurate pH measurements be taken and recorded on the groundwater sample log sheet 
(Attachment B) or equivalent electronic form. 
 
Two methods are given for pH measurement:  the pH meter and pH indicator paper.  Indicator paper is 
used when only an approximation of the pH is required or when pH meter readings need to be verified, 
and the pH meter is used when a more accurate measurement is needed.  The response of a pH meter 
can be affected by high levels of colloidal or suspended solids, but the effect is generally of little 
significance.  Consequently, specific methods to overcome this interference are not described.  The 
response of pH paper is unaffected by solution interferences from color, turbidity, or colloidal or 
suspended materials unless extremely high levels capable of coating or masking the paper are 
encountered.  In such cases, use of a pH meter is recommended. 
 

6.5.1.2 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity of 
the solution created by the addition of the water sample reacting with the indicator compound on the 
paper.  Various types of pH papers are available, including litmus (for general acidity or alkalinity 
determination) and specific, or narrower range, pH range paper. 
 
Use of a pH meter relies on the same principle as other ion-specific electrodes.  Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion activity (which is usually similar to concentration) across that membrane.  The 
membrane is conductive to ionic species and, in combination with a standard or reference electrode, a 
potential difference proportional to the ion concentration is generated and measured. 
 

6.5.1.3 Equipment 

The following equipment is to be used for obtaining pH measurements: 
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• A stand-alone portable pH meter or combination meter equipped with an in-line sample chamber 
(e.g., YSI 600 series and Horiba U-22). 

 
• Combination electrode with polymer body to fit the above meter.  Alternately, a pH electrode and a 

reference electrode can be used if the pH meter is equipped with suitable electrode inputs. 
 
• Buffer solutions, as specified by the manufacturer.  If the buffer solutions are considered hazardous 

per 29 Code of Federal Regulations (CFR) 1910.1200 (Hazard Communication) or the volumes used 
are greater than consumer commodity levels, the SSO shall obtain MSDSs from the manufacturer for 
the specific buffer solutions (see Section 4 of the HSGM regarding the Hazard Communication 
Program) 

 
• pH indicator paper to cover the pH range 2 through 12. 
 
• Manufacturer's operation manual.  All personnel must be familiar with the equipment operation to 

ensure that the integrity of samples is preserved and that the equipment is operated safely. 
 

6.5.1.4 Measurement Techniques for Field Determination of pH 

pH Meter 

The following procedure shall be used for measuring pH with a pH meter (meter standardization is 
according to manufacturer's instructions): 
 
1. Inspect the instrument and batteries prior to initiation of the field effort. 
 
2. Check the integrity of the buffer solutions used for field calibration.  Buffer solutions need to be 

changed often as a result of degradation upon exposure to the atmosphere.   
 
3. If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper levels and 

that no air bubbles are present within the electrode(s). 
 
4. Calibrate the meter and electrode(s) on a daily use basis (or as recommended by manufacturer) 

following manufacturer's instructions.  Record calibration data on a water quality meter calibration log 
sheet (Attachment C) or equivalent electronic form. 

 
5. Immerse the electrode(s) in the sample.  Stabilization may take several seconds to minutes.  If the pH 

continues to drift, the sample temperature may not be stable, a physical reaction (e.g., degassing) 
may be taking place in the sample, or the meter or electrode may be malfunctioning.  The failure of 
the measurements to stabilize must be clearly noted in the logbook or equivalent electronic form.  

 
6. Read and record the pH of the sample.  pH shall be recorded to the nearest 0.01 pH standard unit.  

Also record the sample temperature (unless otherwise specified in the SAP, record temperatures to 
the nearest whole degree Fahrenheit or 0.5 degree Celsius). 

 
7. Rinse the electrode(s) with deionized water. 
 
8. Store the electrode(s) in an accordance with manufacturer’s instructions when not in use. 
 
Any visual observation of conditions that may interfere with pH measurement, such as oily materials or 
turbidity, shall be noted and avoided as much as possible. 
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pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range 
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units).  The appropriate range of pH paper shall be selected.  If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is determined.  To measure the pH with pH paper: 
 
1. Collect a small portion of sample into a clean container. 
 
2. Dip the pH paper into this small portion of sample. 
 
3. Compare the color of the paper to the color chart that is provided with the pH paper and read the 

corresponding pH from the chart. 
 
4. Record the pH value from the chart on the sampling log sheet. 
 
5. Discard the used pH paper as trash. 
 
6. Discard the small volume of sample that was used for the pH measurement with the other 

investigative derived waste. 
 
6.5.2 Measurement of Specific Conductance 

6.5.2.1 General 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water.  It can also be used as 
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination. 
Conductivity is a numerical expression of the ability of a water sample to carry an electric current.  This 
value depends on the total concentration of ionized substances dissolved in the water and the 
temperature at which the measurement is made.  The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. 
 
It is important to obtain a specific conductance measurement soon after taking a sample because 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect 
specific conductance.  Most conductivity meters in use today display specific conductance in units of 
mS/cm, which is the conductivity normalized to a temperature of 25°C.  These are the required units to be 
recorded on the groundwater sample log field form or equivalent electronic form. 
 

6.5.2.2 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current.  In a direct-current field, the positive 
ions migrate toward the negative electrode, and the negatively charged ions migrate toward the positive 
electrode.  Most inorganic acids, bases, and salts such as hydrochloric acid, sodium carbonate, and 
sodium chloride, respectively, are relatively good conductors.  Conversely, organic compounds such as 
sucrose or benzene, which do not dissociate in aqueous solution, conduct a current very poorly if at all. 
 
A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance.  The ratio of current applied to voltage across the cell may also 
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be used as a measure of conductance.  The core element of the apparatus is the conductivity cell 
containing the solution of interest.  Depending on the ionic strength of the aqueous solution to be tested, 
a potential difference is developed across the cell, which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 
 

6.5.2.3 Equipment 

The following equipment is needed for taking specific conductance measurements: 
 
• Stand-alone portable conductivity meter or combination meter equipped with an in-line sample 

chamber (e.g., YSI 600 series and Horiba U-22). 
 
• Calibration solution, as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 
A variety of conductivity meters are available that may also be used to monitor salinity and temperature.  
Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirements of 
the sampling program. 

6.5.2.4 Measurement Techniques for Specific Conductance 

The steps involved in taking specific conductance measurements are as follows (calibration shall be 
conducted according to manufacturer's instructions): 
 
1. Check batteries and calibrate instrument before going into the field. 
 
2. Calibrate on a daily use basis (or as recommended by manufacturer), according to the 

manufacturer's instructions and record all pertinent information on a water quality meter calibration 
log sheet or equivalent electronic form.  Potassium chloride solutions with a specific conductance 
closest to the values expected in the field shall be used for calibration.   

 
3. Rinse the cell with one or more portions of the sample to be tested or with deionized water and shake 

excess water from the cell. 
 
4. Immerse the electrode in the sample and measure the conductivity.   
 
5. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form.   
 
6. Rinse the electrode with deionized water. 
 
If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer's instructions for troubleshooting assistance. 
 
6.5.3 Measurement of Temperature 

6.5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological 
action in a water sample.  It can also be used to trace the flow direction of contaminated groundwater.  
Temperature measurements shall be taken in situ, or as quickly as possible in the field because collected 
water samples may rapidly equilibrate with the temperature of their surroundings.   
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6.5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercury-filled, dial-type thermometers or 
combination meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).  In 
addition, various meters such as specific conductance or DO meters that have temperature measurement 
capabilities may also be used.  Using such instrumentation along with suitable probes and cables, in-situ 
measurements of temperature at great depths can be performed. 
 

6.5.3.3 Measurement Techniques for Water Temperature 

If a thermometer is used to determine the temperature for a water sample, use the following procedure: 
 
1. Immerse the thermometer in the sample until temperature equilibrium is obtained (1 to 3 minutes).  

To avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples 
that will undergo subsequent chemical analysis. 

 
2. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 
 
If a temperature meter or probe is used: 
 
1. Calibrate the instrument according to manufacturer's recommendations prior to use. 
 
2. Immerse the meter/probe in the sample until temperature equilibrium is obtained (1 to 3 minutes).  To 

avoid the possibility of cross-contamination, the meter/probe shall not be inserted into samples that 
will undergo subsequent chemical analysis. 

3. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 
 
6.5.4 Measurement of Dissolved Oxygen 

6.5.4.1 General 

DO levels in natural water and wastewater depend on the physical, chemical and biochemical activities in 
the water body.  In addition, the growth of many aquatic organisms and the rate of corrosivity are 
dependent on DO concentrations.  Thus, analysis for DO is a key test in water pollution and waste 
treatment process control.  If at all possible, DO measurements shall be taken in situ because 
concentrations may show a large change in a short time if the sample is not adequately preserved. 
 
The monitoring method discussed herein is limited to the use of DO meters.  Chemical methods of 
analysis (i.e., Winkler methods) are available but require more equipment and greater sample 
manipulation.  Furthermore, DO meters using a membrane electrode are suitable for highly polluted 
waters because the probe is completely submersible and is not susceptible to interference caused by 
color, turbidity, or colloidal material or suspended matter. 
 

6.5.4.2 Principles of Equipment Operation 

DO probes are normally electrochemical cells that have two solid metal electrodes of different nobility 
immersed in an electrolyte.  The electrolyte is retained by an oxygen-permeable membrane.  The metal of 
highest nobility (the cathode) is positioned at the membrane.  When a suitable potential exists between 
the two metals, reduction of oxygen to hydroxide ion (OH-) occurs at the cathode surface.  An electrical 
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current is developed that is directly proportional to the rate of arrival of oxygen molecules at the cathode.  
This rate is proportional to the oxygen concentration in the water being measured. 
 
Because the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane.  
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained.  It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface.  Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface.  To avoid this possibility, 
some probes are equipped with stirrers to agitate the solution near the probe, leaving the surface of the 
solution undisturbed. 
 
DO probes are relatively unaffected by interferences.  Interferences that can occur are reactions with 
oxidizing gases such as chlorine or with gases such as hydrogen sulfide that are not easily depolarized 
from the indicating electrode.  If a gaseous interference is suspected, it shall be noted in the field logbook 
and checked if possible.  Temperature variations can also cause interference because probes exhibit 
temperature sensitivity.  Automatic temperature compensation is normally provided by the manufacturer.  
This compensation can counteract some of the temperature effects but not all of them. 
 

6.5.4.3 Equipment 

The following equipment is needed to measure DO concentrations: 
 
• A stand-alone portable DO meter or combination meter equipped with an in-line sample chamber 

(e.g., YSI 600 series and Horiba U-22). 
• Sufficient cable to allow the probe to contact the sample. 
 
• Manufacturer's operation manual. 
 

6.5.4.4 Measurement Techniques for Dissolved Oxygen Determination 

DO probes differ as to instructions for use.  Follow the manufacturer's instructions to obtain an accurate 
reading.  The following general steps shall be used to measure DO concentrations: 
 
1. Check the DO meter batteries before going to the field. 
 
2. Condition the probe in a water sample for as long a period as practical before use in the field.  Long 

periods of dry storage followed by short periods of use in the field may result in inaccurate readings. 
 
3. Calibrate the instrument in the field according to manufacturer's recommendations or in a freshly air-

saturated water sample of known temperature.   
 
4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 

form. 
 
5. Rinse the probe with deionized water. 
 
6. Immerse the probe in the sample.  Be sure to provide for sufficient flow past the membrane by stirring 

the sample.  Probes without stirrers placed in wells may be moved up and down to achieve the 
required mixing. 
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7. Record the DO content and temperature of the sample in a field logbook or on a sample log sheet or 
equivalent electronic form. 

 
8. Rinse the probe with deionized water. 
 
9. Recalibrate the probe when the membrane is replaced, or as needed.  Follow the manufacturer's 

instructions. 
 
Note that in-situ placement of the probe is preferable because sample handling is not involved.  This 
however may not always be practical.   
 
Special care shall be taken during sample collection to avoid turbulence that can lead to increased 
oxygen solubilization and positive test interferences. 
 
6.5.5 Measurement of Oxidation-Reduction Potential 

6.5.5.1 General 

ORP provides a measure of the tendency of organic or inorganic chemicals to exist in an oxidized state.  
The ORP parameter therefore provides evidence of the likelihood of anaerobic degradation of 
biodegradable organics or the ratio of activities of reduced to oxidized species in the sample. 
 

6.5.5.2 Principles of Equipment Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at 
that electrode depending on the ions present in the solution.  If a reference electrode is placed in the 
same solution, an ORP electrode pair is established.  This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in solution.  
By this measurement, the ability to oxidize or reduce species in solution may be determined.  
Supplemental measurements, such as DO, may be correlated with ORP to provide knowledge of the 
quality of the solution, water, or wastewater. 
 

6.5.5.3 Equipment 

The following equipment is needed for measuring the ORP of a solution: 
 
• A combination meter with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22). 
 
• Reference solution as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 

6.5.5.4 Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring ORP: 
 
1. Check the equipment using the manufacturer's recommended reference solution and check its 

batteries before going to the field. 
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2. Thoroughly rinse the electrode with deionized water. 
 
3. If the probe does not respond properly to the recommended reference solution, verify the sensitivity 

of the electrodes by noting the change in millivolts when the pH of a test solution is altered.  The ORP 
will increase when the pH of a test solution decreases, and the ORP will decrease when the test 
solution pH is increased.  Place the sample in a clean container and agitate the sample.  Insert the 
electrodes and note that the ORP drops sharply when the caustic is added (i.e., pH increases) thus 
indicating that the electrodes are sensitive and operating properly.  If the ORP increases sharply 
when the caustic is added, the polarity is reversed and must be corrected in accordance with the 
manufacturer's instructions or the probe should be replaced.   

 
4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 

form. 
 

6.5.6 Measurement of Salinity 

6.5.6.1 General 

Salinity is a unitless property of industrial and natural waters.  It is the measurement of dissolved salts in 
a given mass of solution.  Most field meters determine salinity automatically from conductivity and 
temperature.  The displayed value will be displayed in either parts per thousand (ppt) or percent (e.g., 35 
ppt equals 3.5 percent). 
 

6.5.6.2 Principles of Equipment Operation 

Salinity is determined automatically from the meter's conductivity and temperature readings according to 
algorithms (such as are found in Standard Methods for the Examination of Water and Wastewater).  
Depending on the meter, the results are displayed in either ppt or percent.  The salinity measurements 
are carried out in reference to the conductivity of standard seawater (corrected to salinity = 35 ppt). 
 

6.5.6.3 Equipment 

The following equipment is needed for salinity measurements: 
 
• A multi-parameter water quality meter capable of measuring conductivity and temperature and 

converting them to salinity (e.g., Horiba U-22 or YSI 600 series). 
 
• Calibration solution as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 

6.5.6.4 Measurement Techniques for Salinity 

The steps involved in taking salinity measurements are as follows (standardization shall be conducted 
according to manufacturer's instructions): 
 
1. Check the expiration date of the solutions used for field calibration and replace them if they are 

expired. 
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2. Check batteries and calibrate the meter before going into the field. 
 
3. Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent 

information on a water quality meter calibration log sheet or equivalent electronic form. 
 
4. Rinse the cell with the sample to be tested. This is typically accomplished as the probe is placed in 

line during the collection of the purge water up to the time of sample acquisition. 
 
5. Immerse the multi-probe in the sample and measure the salinity.  Read and record the results in a 

field logbook or on a sample log sheet or equivalent electronic form. 
 
6. Rinse the probes with deionized water. 
 
 
6.5.7 Measurement of Turbidity 

6.5.7.1 General 

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather 
than transmitted in a straight line through the sample.  Turbidity in water is caused by suspended matter 
such as clay, silt, or other finely divided organic and inorganic matter and microscopic organisms 
including plankton.   
 
It is important to obtain a turbidity reading immediately after taking a sample because irreversible 
changes in turbidity may occur if the sample is stored too long. 
 

6.5.7.2 Principles of Equipment Operation 

Turbidity is measured by the Nephelometric Method, which is based on a comparison of the intensity of 
light scattered by the sample under defined conditions with the intensity of light scattered by a standard 
reference suspension under the same conditions.  The higher the scattered light intensity, the higher the 
turbidity. 
 
Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid 
natural water.  The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units.  This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle turbidimeter.  Therefore, nephelometric turbidity units (NTUs) based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical 
to them. 
 

6.5.7.3 Equipment 

The following equipment is needed for turbidity measurements: 
 
• A turbidity meter (e.g., LaMotte 2020) that calibrates easily using test cells with standards of 0.0, 1.0, 

and 10 NTUs, or a combination meter equipped with an in-line sample chamber (e.g., YSI 600 series 
and Horiba U-22). 

 
• Calibration solution and sample tubes, as specified by the manufacturer. 
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• Manufacturer's operation manual. 
 

6.5.7.4 Measurement Techniques for Turbidity 

The steps involved in taking turbidity measurements utilizing an electrode (e) or light meter (l) are listed 
below (standardization shall be done according to manufacturer's instructions): 
 
1. Check the expiration date of the solutions used for field calibration and replace them if they are 

expired. 
 
2. Check batteries and calibrate the instrument before going into the field. 
 
3. Calibrate on a daily basis according to the manufacturer's instructions, and record all pertinent 

information on a turbidity meter calibration log sheet (Attachment C) or equivalent electronic form. 
 
4. When using the YSI and/or Horiba U-22, rinse the electrode with one or more portions of the sample 

to be tested or with deionized water. 
 
5. When using the Lamotte 2020, fill the light meter’s glass test cell with approximately 5 mL of sample, 

screw on the cap, wipe off glass to remove all residue that could intercept the instrument’s light 
beam, place the test cell in the light meter, and close the lid. 

 
6. Immerse the electrode in the sample and measure the turbidity.   
 
7. The reading must be taken immediately because suspended solids will settle over time resulting in a 

lower, inaccurate turbidity reading. 
 
8. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form.  

Include a physical description of the sample, including color, qualitative estimate of turbidity, etc. 
 
9. Rinse the electrode or test cell with deionized water.  

 

6.6 Sampling 

6.6.1 Sampling Plan 

The sampling approach consisting of the following shall be developed as part of the project planning 
documents approved prior to beginning work in the field: 
 
• Background and objectives of sampling. 
 
• Brief description of area and waste characterization. 
 
• Identification of sampling locations, with map or sketch, and applicable well construction data (well 

size, depth, screened interval, reference elevation). 
 
• Intended number, sequence, volumes, and types of samples.  If the relative degree of contamination 

between wells is insignificant, a sampling sequence that facilitates sampling logistics may be 
followed.  Where some wells are known or strongly suspected of being highly contaminated, these 
shall be sampled last to reduce the risk of cross-contamination between wells.  In situations where 
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the well is not well-characterized and the nature or extent of airborne contamination is unknown, it is 
recommended that head space analysis using a photoionization detector (PID) or flame ionization 
detector (FID) is performed to rate the wells, sampling from least contaminated to most contaminated.  
Refer to the project-specific HASP for appropriate information and direction on air monitoring 
requirements. 

 
• Sample preservation requirements. 
 
• Work schedule. 
 
• List of team members. 
• List of observers and contacts. 
 
• Other information, such as the necessity for a warrant or permission of entry, requirements for split 

samples, access problems, location of keys, etc. 
 
• The FOL shall ensure that the sampling method(s) to be employed is accurately represented in the 

HASP, indicating the types of sampling to be employed and the hazards.  If the methods are not 
accurately represented, the FOL should rectify this with the HASP author. 

 
• The FOL shall ensure that sampling teams understand the sampling approach that they are to follow. 

Where sampling teams are made up of personnel from multiple locations, personal sampling 
experiences may vary. Therefore the FOL shall review project-specific requirements, SOPs, and 
protocol to be followed.  The FOL will conduct periodic surveys to ensure that these methods are 
being completed per his/her direction. 

 
6.6.2 Sampling Methods as Related to Low-Flow Sampling 

The collection of a groundwater sample consists of the following steps: 
 
1. Ensure the safety of the sample location. Take a few minutes to evaluate the area for physical 

hazards (trip hazards, uneven ground, overhanging branches, etc.) and natural hazards (snakes, 
bees, spiders, etc.) that may exist in the area or that may have constructed nests in the well head. 
Snakes often like to sun themselves on concrete well pads.  Follow provisions in the project-specific 
HASP and/or HSGM for addressing natural hazards. 

 
2. As indicated earlier, some monitoring wells have the potential to contain pressurized headspace 

(e.g., through the generation of gases form contaminated groundwater, due to biological processes, 
degradation of contaminants, or simply based on location such as near a landfill or in areas that 
intersect lithological abnormalities) or through intentional artificial means such as those associated 
with air sparging systems.  Injection or extraction wells may be artificially pressurized and may remain 
so for several days after the system has been turned off.  This presents a hazard to people opening 
these wells. The Field Sampling Technician shall employ the following practices to minimize these 
hazards: 

 
• Wear safety glasses to protect the eyes.  If site-specific observations and conditions indicate that 

the wells may be pressurized, wear a full-face shield over the safety impact eye protection. 
 
• DO NOT place your face or any other part of your body over the well when opening because this 

may place you in a strike zone.  
 

• Open the well cover at arms length, then step away and allow the well to off gas and stabilize. 
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Follow directions provided in the project-specific HASP, Work Plan and/or Sampling Plan pertaining 
to  the use of volatile chemical detection equipment (PID or FID) within the breathing zone of the 
sampler during sampling to determine the need to retreat from the work area and/or for the use of 
respiratory protection (as specified in the HASP). 
 

3. When proper respiratory protection has been donned, sound the well for total depth and water level 
(using clean equipment) and record these data on a groundwater sampling log sheet or equivalent 
electronic form; then calculate the fluid volume in the well pipe (as previously described in this SOP).  
It is imperative that downhole equipment be adequately decontaminated between wells to prevent 
cross-contamination.  Just as sampling occurs from the least contaminated to the most contaminated, 
it is also recommended that groundwater level measurements be taken in this manner. 

 
4. Calculate volume of well water to be removed as described in Section 6.3. 
 
5. Select the appropriate purging equipment (see Attachment A to this SOP) or as designated within 

your Work Plan/Sampling Plan.  If an electric submersible pump with packer is chosen, go to Step 10. 
 
6. Lower the purging equipment or intake into the well to a short distance below the water level or mid-

screen as indicated in project-specific documentation and begin water removal.  Remember that 
some contaminants are "bottom dwellers," and in these cases, project-specific direction may specify 
placing the intake just above (1 to 2 feet) the well bottom.  Secure the pump intake at the well and 
secure the effluent at the collection container and begin pumping.  The pumping rate will be 
determined based on the decrease in the water level (see Section 6.7) or as directed in your project-
specific documents or this SOP.  Purge water is generally collected in a 5-gallon bucket or similar 
open- or closed-top container.  To minimize the potential for spills and back injuries, do not fill 5-
gallon buckets beyond approximately 80 percent of their capacity.  Dispose of purge water was as 
indicated in the planning document(s).  Where necessary, slow the pumping rate or lower the pump 
intake as required to maintain submergence. 

 
7. Estimate the approximate rate of discharge frequently and record it on the Low Flow Purge Data 

Sheet (see Attachment D).  Estimate flow rate by noting the amount of discharge in a bucket or 
graduated cylinder per unit time using a watch with a second hand or a stopwatch.   

 
8. Observe the peristaltic pump tubing intake for degassing "bubbles."  If bubbles are abundant and the 

intake is fully submerged, this pump is not suitable for collecting samples for volatile organics.  
 
9. Purge a minimum of three to five casing volumes before sampling (or as directed by the site-specific 

SAP).  In low-permeability strata (i.e., if the well is pumped to dryness), one volume will suffice.  Allow 
the well to recover to 75 percent of initial water level before sampling.  Do not overfill purge 
containers because this increases the potential for spills and lifting injuries. 

 
10. If sampling using a submersible pump, lower the pump intake to mid-screen (or the middle of the 

open section in uncased wells) and collect the sample.  If sampling with a bailer, lower the bailer to 
just below the water surface.   

 
11. For pump and packer assemblies only:  Lower the assembly into the well so that the packer is 

positioned just above the screen or open section.  Inflate the packer.  Purge a volume equal to at 
least twice the screened interval (or unscreened open section volume below the packer) before 
sampling.  Packers shall always be tested in a casing section above ground to determine proper 
inflation pressures for good sealing. 

 
12. If the recovery time of the well is very slow (e.g., 24 hours or greater), sample collection can be 

delayed until the following day.  If the well has been purged early in the morning, sufficient water may 
be standing in the well by the day's end to permit sample collection.  If the well is incapable of 
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producing a sufficient volume of sample at any time, take the largest quantity available and record 
this occurrence in the site logbook or equivalent electronic form.  When this occurs, contact the 
analytical laboratory to alert them that a reduced sample volume(s) will be submitted for analysis. 

 
13. Fill sample containers and preserve and label them as described in SOP SA-6.1.  Many sample 

bottles will contain preservative when they are shipped to the field.  In those cases, do not add 
preservative. 

 
14. Replace the well cap and lock it as appropriate.  Make sure the well is readily identifiable as the 

source of the sample. 
 
15. Process sample containers as described in SOP SA-6.1. 
 
16. Decontaminate equipment as described in SOP SA-7.1. 
 

6.7 Low-Flow Purging and Sampling 

6.7.1 Scope and Application 

Low-flow purging and sampling techniques may be required for groundwater sampling activities.  The 
purpose of low-flow purging and sampling is to collect groundwater samples that contain "representative" 
amounts of mobile organic and inorganic constituents in the vicinity of the selected open well interval, at 
or near natural flow conditions.  This minimum-stress procedure emphasizes negligible water level 
drawdown and low pumping rates to collect samples with minimal alterations in water chemistry.  This 
procedure is designed primarily to be used in wells with a casing diameter of 1 inch or more and a 
saturated screen length, or open interval, of 10 feet or less.  Samples obtained are suitable for analyses 
of common types of groundwater contaminants (volatile and semivolatile organic compounds, pesticides, 
polychlorinated biphenyls [PCBs], metals and other inorganic ions [cyanide, chloride, sulfate, etc.]).  This 
low-flow procedure is not designed for collection of non-aqueous phase liquid samples from wells 
containing light or dense non-aqueous phase liquids (LNAPLs or DNAPLs). 
 
This procedure is flexible for various well construction types and groundwater yields.  The goal of the 
procedure is to obtain a turbidity level of less than 10 NTUs and to achieve a water level drawdown of 
less than 0.3 foot during purging and sampling.  If these goals cannot be achieved, sample collection can 
take place provided that the remaining criteria in this procedure are met. 
 
6.7.2 Equipment 

The following equipment is required (as applicable) for low-flow purging and sampling: 
 
• Adjustable rate submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel or 

Teflon).   
 
• Disposable clear plastic bottom-filling bailers to be used to check for and obtain samples of LNAPLs 

or DNAPLs. 
 
• Tubing – Teflon, Teflon-lined polyethylene, polyethylene, polyvinyl chloride (PVC), Tygon, or stainless 

steel tubing can be used to collect samples for analysis, depending on the analyses to be performed 
and regulatory requirements. 

 
• Water level measuring device with 0.01-foot accuracy (electronic devices are preferred for tracking 

water level drawdown during all pumping operations). 
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• Interface probe. 
 
• Flow measurement supplies. 
 
• Power source (generator, nitrogen tank, etc.).  If a gasoline generator is used, it must be located 

downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

 
• Indicator parameter monitoring instruments – pH, turbidity, specific conductance, and temperature.  

Use of a flow-through cell is recommended.  Optional indicators - ORP, salinity, and DO.  A flow-
through cell (also referred to as an in-line sample chamber) is required. 

 
• Standards to perform field calibration of instruments. 
 
• Decontamination supplies. 
 
• Logbook(s) and other forms (see Attachments B through D) or equivalent electronic form(s). 
 
• Sample bottles. 
 
• Sample preservation supplies (as required by the analytical methods). 
 
• Sample tags and/or labels. 
 
• Well construction data, location map, field data from last sampling event (if available). 
 
• Field Sampling Plan. 
 
• PID or FID instrument for measuring volatile organic compounds (VOCs) per the HASP. 
 
6.7.3 Purging and Sampling Procedure 

1. Open the monitoring well as stated earlier and step away.  Prepare sampling equipment while 
allowing 3 to 5 minutes to allow the water level to reach equilibrium.  In situations where VOCs are 
the primary contaminants of concern, air monitoring of the samplers' breathing zone areas may be 
required by the HASP (typically with a PID or FID).   

 
2 Measure the water level immediately prior to placing the pump in the well and record the water level 

on the Low-Flow Purge Data Form or equivalent electronic form immediately prior to placing the 
pump or tubing into the well. 

 
3. Lower the measuring device further into the well to collect the total depth measurement.  Again wait 3 

to 5 minutes to allow the well to equilibrate to the initial water level prior to placing the pump or pump 
intake in the well.   

 
4. Record the total well depth on the Low-Flow Purge Data Form or equivalent electronic form 

immediately prior to placing the pump or tubing into the well 
 
5. Lower the pump or tubing slowly into the well so that the pump intake is located at the center of the 

saturated screen length of the well.  If possible, keep the pump intake at least 2 feet above the 
bottom of the well to minimize mobilization of sediment that may be present in the bottom of the well.  
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Collection of turbidity-free water samples may be difficult if there is 3 feet or less of standing water in 
the well. 

 
6. Start with the initial pump rate set at approximately 0.1 liter per minute.  Use a graduated cylinder and 

stopwatch to measure the pumping rate.  Adjust the pumping rates as necessary to prevent 
drawdown from exceeding 0.3 foot during purging.  If no drawdown is noted, the pump rate may be 
increased (to a maximum of 0.4 liter per minute) to expedite the purging and sampling event.  The 
pump rate will be reduced if turbidity is greater than 10 NTUs after all other field parameters have 
stabilized.  If groundwater is drawn down below the top of the well screen, purging shall cease or the 
well shall be pumped to dryness and then allowed to recover before purging continues.  Well 
recovery to 75 percent is necessary prior to sampling.  Slow-recovering wells should be identified and 
purged at the beginning of the workday to maximize field work efficiency.  If possible, samples should 
be collected from these wells within the same workday and no later than 24 hours after the end of 
purging.  

 
7. Measure the water level in the well every 5 to 10 minutes using the water level meter.  Record the 

well water level on the Low Flow Purge Data Form (Attachment D) or equivalent electronic form. 
8. Record on the Low Flow Purge Data Form every 5 to 10 minutes the water quality parameters (pH, 

specific conductance, temperature, turbidity, ORP, DO, and salinity or as specified by the approved 
site-specific planning document) measured by the water quality meter and turbidity meter.  If the cell 
needs to be cleaned during purging operations, continue pumping (allow the pump to discharge into a 
container) and disconnect the cell.  Rinse the cell with distilled/deionized water.  After cleaning is 
completed, reconnect the flow-through cell and continue purging.  Document the cell cleaning on the 
Low-Flow Purge Data Form or equivalent electronic form. 

 
9. Estimate the flow rate by noting the amount of discharge in a graduated cylinder per unit time using a 

watch with a second hand.  Remeasure the flow rate any time the pump rate is adjusted and 
periodically during purging. This will determine if a reduction in rate has occurred due to possible 
battery depletion. 

 
10. During purging, check for the presence of bubbles in the flow-through cell.  The presence of bubbles 

is an indication that connections are not tight.  If bubbles are observed, check for loose connections 
and tighten, repair, or replace them as necessary to achieve a tight connection. 

 
11. Wait until stabilization is achieved, or a minimum of two saturated screen volumes have been 

removed and three consecutive readings, taken at 5 to 10 minute intervals, are within the following 
limits, then begin sampling: 

 
• pH ±0.2 standard units 
• Specific conductance ±10% 
• Temperature ±10% 
• Turbidity less than 10 NTUs 
• DO ±10% 

 
12. If the above conditions have not been met after the well has been purged for 4 hours, purging will be 

considered complete and sampling can begin.  Record the final well stabilization parameters from the 
Low-Flow Purge Data Form onto the Groundwater Sample Log Form or equivalent electronic form. 

 
NOTE: VOC samples are preferably collected first, directly into pre-preserved sample containers.  Fill all 
sample containers by allowing the pump discharge to flow gently down the inside of the container with 
minimal turbulence. 
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13. If the water column in the pump tubing collapses (water does not completely fill the tubing) before 
exiting the tubing, use one of the following procedures to collect VOC samples: 

 
• Collect samples for non-VOC analyses first, then increase the flow rate incrementally until the 

water column completely fills the tubing, collect the sample for VOCs, and record the new flow 
rate. 

 
• Reduce the diameter of the existing tubing until the water column fills the tubing either by adding 

a connector (Teflon or stainless steel) or clamp, which should reduce the flow rate by constricting 
the end of the tubing.  Proceed with sample collection. 

 
• Insert a narrow-diameter Teflon tube into the pump's tubing so that the end of the tubing is in the 

water column and the other end of the tubing protrudes beyond the pump's tubing, then collect 
the sample from the narrow diameter tubing. 

 
• Prepare samples for shipping as per SOP SA-6.1. 
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ATTACHMENT A 

 
PURGING EQUIPMENT SELECTION 
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Manufacturer Model 
Name/Number 

Principle of 
Operation 

Maximum 
Outside 

Diameter/L 
ength 

(Inches) 

Construction 
Materials (w/Lines 

and Tubing) 

Lift 
Range 

(ft) 

Delivery Rates 
or Volumes 

1982 
Price 

(Dollars) 

Comments 

BarCad 	Systems, 
Inc. 

BarCad Sampler Dedicated; 	gas 
drive 	(positive 
displacement) 

1.5/16 PE, 	brass, 	nylon, 
aluminum oxide 

0-150 
with std. 
tubing 

1 	liter for each 
10-15 feet 	of 
submergence 

$220-350 Requires compressed gas; custom sizes and 
materials available; acts as piezometer. 

Cole-Parmer 	Inst. Master Flex 7570 Portable; <1.0/NA (not submersible) 0-30 670 	mUmin $500-600 AC/DC; 	variable 	speed 	control 	available; 
Co. Portable Sampling peristaltic Tygon®, 	silicone with 	7015- other models may have different flow rates. 

Pump (suction) Viton® 20 pump head 

ECO Pump Corp. SAMPLifier Portable; venturi <1.5 or PP, PE, PVC, SS, 0-100 0-500 	mL/min $400-700 AC, DC, or gasoline-driven motors available; 
<2.0/NA Teflon®, Tefzel® depending 	on 

lift 
must be primed. 

Geltek Corp. Bailer 219-4 Portable; 	grab 1.66/38 Teflon® No limit 1,075 mL $120-135 Other sizes available. 
(positive 
displacement) 

GeoEngineering, 
Inc. 

GEO-MONITOR Dedicated; 	gas 
drive 	(positive 
displacement) 

1.5/16 PE, 	PP, 	PVC, 
Viton® 

Probably 
0-150 

Approximately 
1 liter 	for each 
10 feet 	of 
submergence 

$185 Acts as piezometer; requires compressed 
gas. 

Industrial 	and Aquarius Portable; 	bladder 1.75/43 SS, Teflon®, Viton® 0-250 0-2,800 mUmin $1,500- Requires 	compressed 	gas; 	other 	models 
Environmental 
Analysts, Inc. (IEA) 

(positive 
displacement) 

3,000 available; 	AC, 	DC, 	manual 	operation 
possible. 

lEA Syringe Sampler Portable; 	grab 
(positive 
displacement) 

1.75/43 SS, Teflon® No limit 850 	mL 
sample volume 

$1,100 Requires vacuum and/or pressure from hand 
pump. 

Instrument 
Specialties 	Co. 
(ISCO) 

Model 	2600 
Well Sampler 

Portable; 	bladder 
(positive 
displacement) 

1.75/50 PC, 	silicone, 
Teflon®, 	PP, 	PE, 
Detrin®, acetal 

0-150 0-7,500 mUmin $990 Requires compressed gas (40 psi minimum). 

Keck 	Geophysical 
Instruments, Inc. 

SP-81 
Submersible 
Sampling Pump 

Portable; 	helical 
rotor 	(positive 
displacement) 

1.75/25 SS, 	Teflon®, 	PP, 
EPDM, Viton® 

0-160 0-4,500 mUmin $3,500 DC operated. 

Leonard Mold and GeoFilter 	Small Portable; 	bladder 1.75/38 SS, 	Teflon®, 	PC, 0-400 0-3,500 mUmin $1,400- Requires compressed gas (55 psi minimum); 
Die Works, Inc. Diameter 	Well 

Pump (#0500) 
(positive 
displacement) 

Neoprene® 1,500 pneumatic or AC/DC control module. 

Oil 	Recovery 
Systems, Inc. 

Surface Sampler Portable; 	grab 
(positive 
displacement) 

1.75/12 acrylic, Detrin® No limit Approximately 
250 mL 

$125-160 Other materials and models available; for 
measuring 	thickness 	of 	"floating" 
contaminants. 

Q.E.D. 
Environmental 
Systems, Inc. 

Well 	Wizard® 
Monitoring System 
(P-100) 

Dedicated; 
bladder 	(positive 
displacement) 

1.66/36 PVC 0-230 0-2,000 mUmin $300-400 Requires compressed gas; piezometric level 
indicator; other materials available. 
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Manufacturer Model 
Name/Number 

Principle of 
Operation 
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Outside 

Diameter/L 
ength 

(Inches) 

Construction Materials 
(w/Lines and Tubing) 
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(ft) 

Delivery Rates or 
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1982 
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(Dollars) 

Comments 

Randolph 	Austin Model 	500 Portable; 	peristaltic <0.5/NA (Not submersible) 0-30 See comments $1,200- Flow rate dependent on motor and 
Co. Vari-Flow Pump (suction) Rubber, 	Tygon®, 	or 

Neoprene® 
1,300 tubing selected; AC operated; other 

models available.  
Robert 	Bennett Model 180 Portable; 	piston 1.8/22 SS, Teflon®, Delrins PP, 0-500 0-1,800 mUmin $2,600- Requires compressed gas; water level 
Co. (positive 

displacement) 
Viton®, acrylic, PE 2,700 indicator 	and 	flow 	meter; 	custom 

models available. 

Slope 	Indicator Model 	514124 Portable; 	gas 	drive 1.9/18 PVC, nylon 0-1,100 250 	mUflushing $250-350 Requires 	compressed 	gas; 	SS 
Co. (SINCO) Pneumatic 

Water Sampler 
(positive 
displacement) 

cycle available; piezometer model available; 
dedicated model available. 

Solinst 	Canada 5W 	Water Portable; 	grab 1.9/27 PVC, 	brass, 	nylon, 0-330 500 mL $1,300- Requires compressed 	gas; 	custom 
Ltd. Sampler (positive 

displacement) 
Neoprene® 1,800 models available. 

TIMCO Mfg. Co., 
Inc. 

Std. Bailer Portable; 	grab 
(positive 
displacement) 

1.66/Custo 
m 

PVC, PP No limit 250 	mUft 	of 
bailer 

$20-60 Other 	sizes, 	materials, 	models 
available; 	optional 	bottom-emptying 
device available; no solvents used. 

TIMCO Air or Gas 	Lift 
Sampler 

Portable; 	gas 	drive 
(positive 
displacement) 

1.66/30 PVC, Tygon®, Teflon® 0-150 350 	mUflushing 
cycle 

$100-200 Requires 	compressed 	gas; 	other 
sizes, materials, models available; no 
solvents used. 

Tole Devices Co. Sampling Pump Portable; 	bladder 1.38/48 SS, 	silicone, 	Delrin®, 0-125 0-4,000 mUmin $800- Compressed gas required; DC control 
(positive 
displacement) 

Tygon® 1,000 module; custom built. 

Construction Material Abbreviations: 

PE 	 Polyethylene 
PP 	 Polypropylene 
PVC 	 Polyvinyl chloride 
SS 	Stainless steel 
PC 	Polycarbonate 
EPDM 	Ethylene-propylene diene (synthetic rubber) 

Other Abbreviations: 

NA 	Not applicable 
AC 	Alternating current 
DC 	Direct current 

NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not meant to be 
all-inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature and/or personal communication. No skimmer, 
scavenger-type, or high-capacity pumps are included. 

Source: Barcelona et al., 1983. 
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Project Site Name: 
Project No.: 

[ ] Domestic Well Data 
[x] Monitoring Well Data 
[ ] Other We}I Type: 
[ ] CA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
[X] Low Concentration 
[ ] High Concentration 

SAMPLING DAM 

Pate: Color 

Visual 

pH 

Standard 

S.C. 

rnSiom 

Temp. 

Degrees C 

Turbidity 

NTU 

DO 

mg/1 

ORP 

mV 

Other 

NA Time: 

Method: 

PURGE DATA: 

Date: Volume pH S.C. Temp. IC) Turbidity DO ORP Other 

Method: 

Monitor Reading (ppm): SEE LOW FLOW PURGE DATA SHEET 

Well Casing Diameter & Material 

Type: 

Total Well Depth (TD). 

Static Water Level (VVL): 

Ore Casing Volume(gal/L): 

Start Purge (hrs): 

End Purge (hre): 

Total Purge Time (rain): 

Total Vol. Purged (gal/L): 
'', 

SAMPLE coLLEgriglifireFORMATIDN: 	.. 	' 	 Id 	III I  	

Analysis Preservative Container Requirements Collected 

OBSEIVATEPOS /NOTE • 	hl '1.1 	1:1  ' 	1.111 	III! 	.;11 	IIIII 

Circle it Applical2le: 	thill 	0 	91 	19 	ill 	
p 	T Signature(s): 

MSIMSD Duplicate ID No.: 
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LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: 
PROJECT NUMBER; 

 

WELL ID.: 
DATE: 

 

  

    

, 
Time 

AHrSh.:41: 

Water Level 

 (Ft. below TOC) 

Flow 

(raiblin.) 

pH 

q iS.U.:f 

S. Cond. 

.'trnS/cIrf 

Turb. 

(NTU) .  

DO 

(mg/L)" 

Temp. 

(Ce[WOO 
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''mV 
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Comments 

SIGNATURE(S): 

 

PAGE OF 

  

 
N

um
ber 

 
SA-1.1 

Page 
 

34 of 34 
Subject 
 

G
R

O
U

N
D

W
ATER

 SAM
PLE  

 
AC

Q
U

ISITIO
N

 AN
D

 O
N

SITE  
 

W
ATER

 Q
U

ALITY TESTIN
G

 
R

evision 
 

7 
Effective D

ate 
 

04/07/2008 
 

019611/P
 

Tetra Tech N
U

S
, Inc. 

A
TTA

C
H

M
EN

T D
 

LO
W

 FLO
W

 PU
R

G
E D

A
TA

 SH
EET 

 



STANDARD 
OPERATING 

PROCEDURES 

1 of 6 

Applicability 
Tetra Tech NUS, Inc. 

Number 
	

Page 
SA-2.5 

Effective Date 
	

Revision 
09/03 
	

3 

Prepared 
TETRA TECH NUS, INC. Earth Sciences Department 

D. Senovich 
Approved Subject DIRECT PUSH TECHNOLOGY 

(GEOPROBE®/HYDROPUNCHTM) 

TABLE OF CONTENTS 

PAGE 

1.0 PURPOSE 	 2 

2.0 SCOPE 	 2 

3.0 GLOSSARY 	 2 

4.0 RESPONSIBILITIES 	 2 

5.0 	SOIL SAMPLING PROCEDURES 	 3 

5.1 	GENERAL 	 3 
5.2 	SAMPLING EQUIPMENT 	 3 
5.3 	DPT SAMPLING METHODOLOGY 	 3 

6.0 	GROUNDWATER SAMPLING PROCEDURES 	 4 

6.1 	GENERAL 	 4 
6.2 	SAMPLING EQUIPMENT 	 4 
6.3 	DPT TEMPORARY WELL POINT INSTALLATION AND SAMPLING 

METHODOLOGY 	 5 

7.0 RECORDS 	 5 

ATTACHMENTS 

1 	SAFE WORK PERMIT 	 6 

SECTION  

019611/P 
	

Tetra Tech NUS, Inc. 



Subject 
DIRECT PUSH TECHNOLOGY 
(GEOPROBE®/HYDROPUNCHTM) 

Number 
SA-2.5 

Revision 
3 

Page 
2 of 6 

Effective Date 

09/03 

	

1.0 	PURPOSE 

The purpose of this procedure is to provide general reference information on Direct Push Technology 
(DPT). DPT is designed to collect soil, groundwater, and soil gas samples without using conventional 
drilling techniques. The advantage of using DPT over conventional drilling includes the generation of little 
or no drill cuttings, sampling in locations with difficult accessibility, reduced overhead clearance 
requirements, no fluid introduction during probing, and typical lower costs per sample than with 
conventional techniques. Disadvantages include a maximum penetration depth of approximately 15 to 
40 feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological 
environments), reduced capability of obtaining accurate water-level measurements, and the inability to 
install permanent groundwater monitoring wells. The methods and equipment described herein are for 
collection of surface and subsurface soil samples and groundwater samples. Soil gas sampling is 
discussed in SOP SA-2.4. 

	

2.0 	SCOPE 

This procedure provides information on proper sampling equipment and techniques for DPT. Review of 
the information contained herein will facilitate planning of the field sampling effort by describing standard 
sampling techniques. The techniques described shall be followed whenever applicable, noting that site-
specific conditions or project-specific plans may require adjustments in methodology. 

	

3.0 	GLOSSARY 

Direct Push Technology (DPT) - OPT refers to sampling tools and sensors that are driven directly into the 
ground without the use of conventional drilling equipment. DPT typically utilizes hydraulic pressure and/or 
percussion hammers to advance the sampling tools. A primary advantage of DPT over conventional 
drilling techniques is that DPT results in the generation of little or no investigation derived waste. 

Geoprobe® - Geoprobe® is a manufacturer of a hydraulically-powered, percussion/probing machines 
utilizing DPT to collect subsurface environmental samples. Geoprobe® relies on a relatively small amount 
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string. The 
Geoprobe® equipment can be mounted in a multitude of vehicles for access to all types of environmental 
sites. 

HvdroPunchTM - HydroPunchTM is a manufacturer of stainless steel and Teflon® sampling tools that are 
capable of collecting representative groundwater and/or soil samples without requiring the installation of a 
groundwater monitoring well or conventional soil boring. HydroPunchTM is an example of DPT sampling 
equipment. 

Flame Ionization Detector (FID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is 
the ionization of gaseous species utilizing a flame as the energizing source. 

Photo Ionization Detector (PID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is 
the ionization of gaseous species utilizing ultraviolet radiation as the energizing source. 

	

4.0 	RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for selecting and/or reviewing the appropriate DPT 
drilling procedure required to support the project objectives. 
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Field Operations Leader (FOL)- The FOL is primarily responsible for performing the DPT in accordance 
with the project-specific plan. 

	

5.0 	SOIL SAMPLING PROCEDURES 

	

5.1 	General 

The common methodology for the investigation of the vadose zone is soil boring drilling and soil sampling. 
However, drilling soil borings can be very.expensive. Generally the advantage of DPT for subsurface soil 
sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times. 

5.2 	Sampling Equipment 

Equipment needed for conducting DPT drilling for subsurface soil sampling includes, but is not limited to, 
the following: 

Geoprobe® Sampling Kit 
Cut-resistant gloves 
4-foot x 1.5-inch diameter macrocore sampler 
Probe sampling adapters 
Roto-hammer with 1.5-inch bit 
Disposable acetate liners for soil macrocore sampler 
Cast aluminum or steel drive points 
Geoprobe®AT-660 Series Large Bore Soil Sampler, or equivalent 
Standard decontamination equipment and solutions 

For health and safety equipment and procedures, follow the direction provided in the Safe Work Permit in 
Attachment 1, or the more detailed directions provided in the project's Health and Safety Plan. 

5.3 	DPT Sampling Methodology 

There are several methods for the collection of soil samples using DPT drilling. The most common 
method is discussed in the following section. Variations of the following method may be conducted upon 
approval of the Project Manager in accordance with the project-specific plan. 

Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground 
using hydraulic pressure. If there is concrete or pavement over a sampling location, a Roto-hammer 
is used to drill a minimum 1.5-inch diameter hole through the surface material. A Roto-hammer may 
also be used if very dense soils are encountered. 

The sampler is advanced continuously in 4-foot intervals or less if desired. No soil cuttings are 
generated because the soil which is not collected in the sampler is displaced within the formation. 

The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer 
coring tube. The sample is contained within an inner acetate liner. 

Attach the metal trough from the Geoprobe® Sampling Kit firmly to the tail gate of a vehicle. If a 
vehicle with a tail gate is not available, secure the trough on another suitable surface. 

Place the acetate liner containing the soils in the trough. 
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• While wearing cut-resistant gloves (constructed of leather or other suitable material), cut the acetate 
liner through its entire length using the double-bladed knife that accompanies the Geoprobe® 
Sampling Kit. Then remove the strip of acetate from the trough to gain access to the collected soils. 
Do not attempt to cut the acetate liner while holding it in your hand. 

• Field screen the sample with an FID or PID, and observe/examine the sample (according to SOP GH-
1.3). If appropriate, transfer the sample to sample bottles for laboratory analysis. If additional volume 
is required, push an additional boring adjacent to the first and composite/mix the same interval. Field 
compositing is usually not acceptable for sample requiring volatile organics analysis. 

Once sampling has been completed, the hole is backfilled with bentonite chips or bentonite cement 
grout, depending upon project requirements. Asphalt or concrete patch is used to cap holes through 
paved or concrete areas. All holes should be finished smooth to existing grade. 

In the event the direct push van/truck cannot be driven to a remote location or a sampling location with 
difficult accessibility, sampling probes may be advanced and sampled manually or with air/electric 
operated equipment (e.g., jack hammer). 

Sampling equipment is decontaminated prior to collecting the next sample. 
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static water level will be taken. The initial mc\acurement-of the water level will b usod to assess the 

In the event the direct push van/truck cannot hr rtrivian to a ran-tarp location nr sampling Ine,atirm with .  

A record of all field procedures, tests, and observations must be recorded in the field logbook, boring logs, 
and sample log sheets, as needed. Entries should include all pertinent data regarding the investigation. 
The use of sketches and field landmarks will help to supplement the investigation and evaluation. 
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ATTACHMENT 1  
SAFE WORK PERMIT FOR DPT OPERATIONS 

Permit No. 	 Date: 	 Time: From 	 to 

SECTION I: General Job Scope 
I. Work limited to the following (description, area, equipment 

through direct push technology 
used): Monitoring well drilling and installation 

II. Required Monitoring Instruments: 

III. Field Crew: 

IV. On-site Inspection conducted ■ Yes 	■ 	No 	Initials 

SECTION II: General Safety Requirements (To be filled in by permit 
V. Protective equipment required 	 Respiratory 

Level D CI Level B ■ 	 Full 
Level C ■ Level A ■ 	 Half 
Detailed on Reverse 	 SKA-PAC 

Level D Minimum Requirements: Sleeved shirt and long pants, 

of Inspector 

Skid 

TtNUS 
issuer) 
equipment required 

face APR 	❑ 	Escape Pack 	■ 
face APR 	■ 	 SCBA 	■ 

SAR 	■ 	Bottle Trailer 	■ 
Rig 	 ■ 	 None 	0 

safety footwear, and work gloves. 	Safety glasses, 
hard hats, and hearing protection will be worn when working near or sampling in the vicinity of the DPT rig. 

Modifications/Exceptions. 
VI. Chemicals of Concern 	 Action Level(s) 	 Response Measures 

VII. Additional Safety Equipment/Procedures 
Hard-hat 	I 	Yes ■ No 
Safety Glasses  	0 Yes ■ No 
Chemical/splash goggles 	■ Yes 0 No 
Splash Shield 	■ Yes e No 
Splash suits/coveralls 	■ Yes ■ No 
Steel toe Work shoes or boots 0 Yes 	■ No 
Modifications/Exce tions: Reflective vests for hi •h traffic 

Hearing Protection (Plugs/Muffs) 0 Yes 	■ No 
Safety belt/harness 	 ■ Yes 	'I No 
Radio 	 ■ Yes 	No 
Barricades 	 t2 Yes 	■ No 
Gloves (Type - 	 Yes 	■ No 
Work/warming regimen 	■ Yes 	■ No 
areas. 

VIII. Procedure review with permit acceptors 	Yes 	NA 
Safety shower/eyewash (Location & Use) 	■ 
Daily tail gate meetings 	 0 
Contractor tools/equipment/PPE inspected 	1-1 	fl 

Yes 	NA 
Emergency alarms 	 
Evacuation routes 	  
Assembly points 	  

IX. Site Preparation 
Utility Clearances obtained for areas of subsurface investigation 	 ■ Yes 
Physical hazards removed or blockaded 	 ■ Yes ■ No 
Site control boundaries demarcated/signage 	 ■ Yes ■ No 

X. Equipment Preparation 	. 	 Yes 	NA 
Equipment drained/depressurized 	 ■ 	0 
Equipment purged/cleaned 	 ■ 	0 
Isolation checklist completed 	 ■ 	0 
Electrical lockout required/field switch tested 	 ■ 	Q 
Blinds/misalignments/blocks & bleeds in place 	 ■ 	ii2 
Hazardous materials on walls/behind liners considered 	 17 	154 

Xl. 	Additional Permits required (Hot work, confined space entry). 	 ■ Yes 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

XII. 	Special instructions, precautions: 

Permit Issued by: 	 Permit Accepted by: 
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1.0 	PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification 
is addressed in SOP CT-04. 

	

2.0 	SCOPE 

This procedure describes the appropriate containers to be used for samples depending on the analyses to 
be performed, and the steps necessary to preserve the samples when shipped off site for chemical 
analysis. 

	

3.0~ 	GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 
as materials designated as hazardous under the provisions of §172.101 and §172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. With slight modifications, IATA has 
adopted DOT "hazardous materials" as IATA "Dangerous Goods." 

Hazardous Waste - Any substance listed in 40 CFR, Subpart D (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated by 
EPA. 

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.).  

n.o.s. - Not otherwise specified. 

Packaging - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment 
function in conformance with the minimum packaging requirements of 49 CFR 173.24(a) & (b). 

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is placed 
on the side of a vehicle transporting certain hazardous materials. 

Common Preservatives: 

Hydrochloric Acid - HC1 
Sulfuric Acid - H2SO4  
Nitric Acid - HNO3  
Sodium Hydroxide - NaOH 
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Other Preservatives 

Zinc Acetate 
Sodium Thiosulfate - Na2S2O3  

Normality (N)  - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent. 

Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of the 
Appendix to DOT 49 CFR §172.101 for any material identified in column 1 of the appendix. A spill greater 
than the amount specified must be reported to the National Response Center. 

Sample - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

	

4.0 	RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the shipper. 

	

5.0 	PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 

	

5.1 	Sample Containers  

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well as 
other information) per 40 CFR 136. In general, the sample container shall allow approximately 
5-10 percent air space ("ullage") to allow for expansion/vaporization if the sample warms during transport. 
However, for collection of volatile organic compounds, head space shall be omitted. The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechnical analysis. Sufficient lead time shall be allowed for a delivery of sample container 
orders. Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to 
analysis. 

Once opened, the container must be used at once for storage of a particular sample. Unused but opened 
containers are to be considered contaminated and must be discarded. Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded. 

5.2 	Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete and 
irreversible preservation of samples is not possible, preservation does retard the chemical and biological 
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that inevitably take place after the sample is collected. 	Preservation techniques are usually 
to pH control, chemical addition(s), and refrigeration/ freezing (certain biological samples only). 

Overview 

preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents 
for sample preservation will either be added to the sample containers by the laboratory prior 

shipment to the field or be added in the field (in a clean environment). Only high purity reagents shall 
used for preservation. In general, aqueous samples of low-concentration organics (or soil samples 

or medium-concentration organics) are cooled to 4°C. 	Medium-concentration aqueous samples, 
-hazard organic samples, and some gas samples are typically not preserved. 	Low-concentration 

samples for metals are acidified with HNO3, whereas medium-concentration and high-hazard 
metal samples are not preserved. 	Low- or medium-concentration soil samples for metals are 

to 4°C, whereas high-hazard samples are not cooled. 

following subsections describe the procedures for preparing and adding chemical preservatives. 
A and B indicate the specific analytes which require these preservatives. 

FOL is responsible for ensuring that an accurate Chemical Inventory is created and maintained for 
chemicals brought to the work site (see Section 5 of the TtNUS Health and Safety Guidance 

Furthermore, the FOL must ensure that a corresponding Material Safety Data Sheet (MSDS) 
for every substance entered on the site Chemical Inventory, and that all persons using/handling/ 
of these substances review the appropriate MSDS for substances they will work with. 	The 
Inventory and the MSDSs must be maintained at each work site in a location and manner where 

are readily-accessible to all personnel. 

Preparation and Addition of Reagents 

of the following acids or bases may be specified for sample preservation; these reagents shall be 
reagent (AR) grade or purer and shall be diluted to the required concentration with deionized 

before field sampling commences. To avoid uncontrolled reactions, be sure to Add Acid to water 
vice versa). A dilutions guide is provided below. 

to 

of 

all 

is 

Acid/Base Dilution Concentration Estimated 
Amount 

Required for 
Preservation 

Hydrochloric Acid (HCI) 1 part concentrated HCI: 1 part 
double-distilled, deionized water 

6N 5-10 mL 

Sulfuric Acid (H2SO4) 1 part concentrated H2SO4: 1 part 
double-distilled, deionized water 

18N 2 - 5 mL 

Nitric Acid (HNO3) Undiluted concentrated HNO3  16N 2 - 5 mL 

Sodium Hydroxide 
(Na0Ft) 

400 grams solid NaOH dissolved in 
870 mL double-distilled, deionized 
water; yields 1 liter of solution 

10N 2 mL 

The 
preservative 
sample 
vary, 
narrow 

amounts required for preservation shown in the above table assumes proper preparation of the 
and addition of the preservative to one liter of aqueous sample. 	This assumes that the 

is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions 
more preservative may be required. 	Consequently, the final sample pH must be checked using 
-range pH paper, as described in the generalized procedure detailed below: 
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Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to check the 
initial sample pH using wide range (0-14) pH paper. Never dip the pH paper into the sample; always 
apply a drop of sample to the pH paper using a clean stirring rod or pipette. 

Add about one-half of the estimated preservative required to the original sample bottle. Cap and 
invert gently several times to mix. Check pH (as described above) using medium range pH paper (pH 
0-6 or pH 7.5-14, as applicable). 

Cap sample bottle and seal securely. 

Additional considerations are discussed below: 

To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can 
be properly preserved, place a drop of sample on Kt-starch paper. A blue color indicates the need for 
ascorbic acid addition. 

If required, add a few crystals of ascorbic acid to the sample and retest with the Kt-starch paper. 
Repeat until a drop of sample produces no color on the Kt-starch paper. Then add an additional 
0.6 grams of ascorbic acid per each liter of sample volume. 

Continue with proper base preservation of the sample as described above. 

Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate 
solution per 100 ml of sample. 

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double-
distilled, deionized water to make 1 liter of solution. 

The sample pH is then raised to 9 using the NaOH preservative. 

Sodium thiosulfate must be added to remove residual chlorine from a sample. To test the sample for 
residual chlorine use a field test kit specially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosuifate per liter of sample to remove the 
residual chlorine. 

Continue with proper acidification of the sample as described above. 

For biological samples, 10% buffered formalin or isopropanol may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 

5.3 	Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents. 
Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described below: 

The sample shall be filtered through a non-metallic, 0.45-micron membrane filter, immediately after 
collection. The filtration system shall consist of dedicated filter canister, dedicated tubing, and a 
peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by 
mechanical peristalsis, the sample travels only through the tubing). 
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• To perform filtration, thread the tubing through the peristaltic pump head. Attach the filter canister to 
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample 
container to the intake end of the silicon tubing. Turn the peristaltic pump on and perform filtration. 
Run approximately 100 ml of sample through the filter and discard prior to sample collection. 

Continue by preserving the filtrate (contained in the filter canister), as applicable and generally 
described above. 

5.4 	Sample Packaging and Shipping 

Only employees who have successfully completed the TtNUS "Shipping Hazardous Materials" training 
course are authorized to package and ship hazardous substances. These trained individuals are 
responsible for performing shipping duties in accordance with this training. 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samples. Samples from drums containing materials other than Investigative Derived Waste 
(IDW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials. A distinction must be made between the two types of samples in order to: 

Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall 
be considered hazardous and shipped accordingly.) 

• Protect the health and safety of transport and laboratory personnel receiving the samples (special 
precautions are used by the shipper and at laboratories when hazardous materials are received.) 

Detailed procedures for packaging environmental samples are outlined in the remainder of this section. 

5.4.1 	Environmental Samples 

Environmental samples are packaged as follows: 

Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. Ziploc 
baggie), and seal the bag. 

Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic bag 
(e.g. "garbage" bag). Drain plugs on coolers must be taped shut. 

Pack with enough cushioning materials such as bubble wrap (shoulders of bottles must be iced if 
required) to minimize the possibility of the container breaking. 

If cooling is required (see Attachments A and B), place ice around sample container shoulders, and on 
top of packing material (minimum of 8 pounds of ice for a medium-size cooler). 

Seal (i.e., tape or tie top in knot) large liner bag. 

The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and 
taped inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COC 
form, the COC form should be sent with the cooler containing the vials for VOC analysis. The COC 
form should then state how many coolers are included with that shipment. 

Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must be used. 
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Coolers must be marked as containing "Environmental Samples." The appropriate side of the container 
must be marked "This End Up" and arrows placed appropriately. No DOT marking or labeling is required; 
there are no DOT restrictions on mode of transportation. 

6.0 	REFERENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition. APHA, Washington, D.C. 

International Air Transport Association (latest issue). Dangerous Goods Regulations, Montreal, Quebec, 
Canada. 

U.S. Department of Transportation (latest issue). Hazardous Materials Regulations, 49 CFR 171-177. 

U.S. EPA, 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act." Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020, U.S. EPA-
EMSL, Cincinnati, Ohio. 
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ATTACHMENT A 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 
Sample Type and Concentration Containerw  Sample Size Preservationm Holding Time 

WATER 
Organics 
(GC&GC/MS) 

VOC 	 Low Borosilicate glass 2 x 40 mL Cool to 4°C 
Ha to s 2 

14 days(9)  

Extractables 	(Low 
SVOCs and 
pesticide/PCBs) 

Amber glass 2x2 L or 4x1 L Cool to 4°C 7 days to extraction; 
40 days after extraction 

Extractables 	(Medium 
SVOCs and 
pesticide/PCBs) 

Amber glass 2x2 L or 4x1 L None 7 days to extraction; 
40 days after extraction 

Inorganics Metals 	 Low High-density polyethylene 1 L HNO3to pH <2 6 months (Hg-28 days) 

Medium Wide-mouth glass 16 oz. None 6 months 

Cyanide 	 Low High-density polyethylene 1 L NaOH to pH>12 14 days 

Cyanide 	Medium Wide-mouth glass 16 oz. None 14 days 

Organic! 
Inorganic 

High Hazard Wide-mouth glass . 8 oz. None 14 days 

SOIL 
Organics 
(GC&GC/MS) 

VOC EnCore Sampler (3) 5 g Samplers Cool to 4°C 48 hours to lab 
preservation 

Extractables 	(Low 
SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 8 oz. Cool to 4°C 14 days to extraction; 
40 days after extraction 

Extractables 	(Medium 
SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 8 oz. Cool to 4°C 14 days to extraction; 
40 days after extraction 

Inorganics Low/Medium Wide-mouth glass 8 oz. Cool to 4°C 6 months 
(Hg - 28 days) 
Cyanide (14 days) 

Organic/Inorga 
nic 

High Hazard Wide-mouth glass 8 oz. None NA 

Dioxin/Furan All Wide-mouth glass 4 oz. None 35 days until 
extraction; 
40 days after extraction 

TCLP All Wide-mouth glass 8 oz. None 7 days until 
preparation; analysis 
as per fraction 

AIR 
Volatile 
Organics 

Low/Medium Charcoal tube -- 7 cm long, 
6 mm OD, 4 mm ID 

100 L air Cool to 4°C 5 days recommended 

All glass containers should have Teflon cap liners or septa. 
See Attachment E. Preservation and maximum holding time allowances per 40 CFR 136. 

Page 
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ATTACHMENT B 

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 

Parameter Number/Name Containerui Preservation")  Maximum Holding 
Time 

INORGANIC TESTS: 
Acidity P, G Cool, 4°C 14 days 

Alkalinity P, G Cool, 4°C 14 days 

Ammonia - Nitrogen P, G Cool, 4°C; H2SO4 to pH 2 28 days 

Biochemical Oxygen Demand (BOD) P, G Cool, 4°C 48 hours 

Bromide P, G None required 28 days 

Chemical Oxygen Demand (COD) P, G Cool, 4°C; H2SO4 to pH 2 28 days 

Chloride P, G None required 28 days 

Chlorine, Total Residual P, G None required Analyze immediately 

Color P, G Cool, 4°C 48 hours 

Cyanide, 	Total 	and 	Amenable 	to 
Chlorination 

P, G Cool, 4°C; NaOH to pH 12; 
0.6 g ascorbic acid(5)  

14 days(b)  

Fluoride P None required 28 days 

Hardness P, G HNO3 to pH 2; H2SO4 to pH 2 6 months 

Total Kjeldahl and Organic Nitrogen P, G Cool, 4°C; H2SO4 to p1-12 28 days 

Nitrate - Nitrogen P, G None required 48 hours 

Nitrate-Nitrite - Nitrogen P, G Cool, 4°C; H2SO4 to pH 2 28 days 

Nitrite - Nitrogen P, G Cool, 4°C.  48 hours 

Oil & Grease  Cool, 4°C; H2SO4 to pH 2 28 days 

Total Organic Carbon (TOC) P, G Cool, 4°C; HCI or H2SO4 to 
pH 2 

28 days 

Orthophosphate P, G Filter immediately; Cool, 4°C 48 hours 

Oxygen, Dissolved-Probe G Bottle & top None required Analyze immediately 

Oxygen, Dissolved-Winkler G Bottle & top Fix on site and store in dark 8 hours 

Phenols G 	-..--Cool, 4°C; H2SO4 to pH 2 28 days 

Phosphorus, Total P, G Cool, 4°C; H2SO4 to pH 2 28 days 

Residue, Total P, G Cool, 4°C 7  days 

Residue, Filterable (TDS) P, G Cool, 4°C 7 days 

Residue, Nonfilterable (TSS) P, G Cool, 4°C 7 days 

Residue, Settleable P, G Cool, 4°C 48 hours 

Residue, Volatile (Ash Content) P, G Cool, 4°C 7 days 

Silica P Cool, 4°C 28 days 

Specific Conductance P, G Cool, 4°C 28 days 

Sulfate P, G Cool, 4°C 28 days 
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ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE TWO 

Parameter Number/Name Container")  Preservation")(4)  Maximum Holding 
Time)  

INORGANIC TESTS (Cont'd): 
Sulfide P, G Cool, 4°C; add zinc acetate 

plus sodium hydroxide to pH 9 
7 days 

Sulfite P, G None required Analyze immediately 

Turbidity P, G Cool, 4°C 48 hours 

METALS:CI)  

Chromium VI (Hexachrome) P, G Cool, 4°C 24 hours 

Mercury (Hg) P, G HNO3 to pH 2 28 days 
Metals, except Chromium VI and Mercury P, G HNO3 to pH 2 6 months 

ORGANIC TESTS:(8)  
Purgeable Halocarbons G, Teflon-lined 

septum 
Cool, 4°C; 0.008% Na2S203(  14 days 

Purgeable Aromatic Hydrocarbons G, Teflon-lined 
septum 

Cool, 4°C; 0.008% Na2S203(b)  
HCI to pH 2 (9)  

14 days 

Acrolein and Acrylonitrile G, Teflon-lined 
septum 

Cool, 4°C; 0.008% Na2S203(5)  
adjust pH to 4-5-.(10)  

14 days 

Phenole'' G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203(5)  7 	days 	until 	extraction; 
40 days after extraction 

Benzidines1111.  (12)  G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203(b' 7 days until extraction" ' 

Phthalate esters(' u G, Teflon-lined 
cap 

Cool, 4°C 7 	days - 	until 	extraction; 
40 days after extraction 

Nitrosamines""*"4/ G, Teflon-lined 
cap 

Cool, 	4°C; 	store 	in 	dark; 
0.008% Na2S203(5)  

7 	days 	until 	extraction; 
40 days after extraction 

PCBs("1  G, Teflon-lined 
cap 

Cool, 4°C 7 	days 	until 	extraction; 
40 days after extraction.  

Nitroaromatics & Isophorone(u)  G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203"; 
store in dark 

7 	days 	until 	extraction; 
40 days after extraction 

Polynuclear 	Aromatic 	Hydrocarbons 
(PAHs)(11)'"4)  

G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203(3(; 
store in dark 

7 	days 	until 	extraction; 
40 days after extraction 

Haloethers°'' G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203( ( 7 	days 	until 	extraction; 
40 days after extraction 

Dioxin/Furan (TCDD/TCDF)(1  ) G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S2OP 7 	days 	until 	extraction; 
40 days after extraction 
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ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE THREE 

(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1L. 
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples each 

aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible to preserve 
each aliquot, then chemical samples may be preserved by maintaining at 4°C until compositing and sample splitting is 
completed. 

(3) When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply with the 
Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that samples 
may be held before analysis and still be considered valid. Samples may be held for longer periods only if the permittee, or 
monitoring laboratory, has data on file to show that the specific types of samples under study are stable for the longer 
periods, and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Maximum holding time is 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate paper 

'before pH adjustments are made to determine if sulfide is present. If sulfide is present, it can be removed by the addition. 
of cadmium nitrate powder until a negative spot test is obtained. The sample is filtered and then NaOH is added to pH 12. 

(7) Samples should be filtered immediately on site before adding preservative for dissolved metals. 
(8) Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH adjustment must 

be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and maximum 

holding times should be observed for optimum safeguard of sample integrity. When the analytes of concem fall within two 
or more chemical categories, the sample may be preserved by cooling to 4°C, reducing residual chlorine with 0.008% 
sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved in this manner may be held for 
7 days before extraction • and for 40 days after extraction. Exceptions to this optional preservation and holding time 
procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of residual chlorine) and footnotes 12, 13 
(re: the analysis of benzidine). 

(12) If 1,2-diphenylthydrazine is likely to be present, adjust the pH of the sample to 4.0±0.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) atmosphere. 
{14) For the analysis of diphenylnitrosamine, add 0.008% Na2S203 and adjust pH to 7-10 with NaOH within 24 hours of 

sampling. 
(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are extracted 

within 72 hours of collection. For the analysis of aidrin, add 0.008% Na2S203. 
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1.0 	PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record 
forms, logs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities. 

2.0 	SCOPE 

Documents presented within this procedure (or equivalents) shall be used for all Tetra Tech NUS field 
activities, as applicable. Other or additional documents may be required by specific client contracts or 
project planning documents. 

3.0 	GLOSSARY 

None 

4.0 	RESPONSIBILITIES 

Project Manager (PM) - The Project Manager is responsible for obtaining hardbound, controlled-
distribution logbooks (from the appropriate source), as needed. In addition, the Project Manager is 
responsible for placing all field documentation used in site activities (i.e., records, field reports, sample 
data sheets, field notebooks, and the site logbook) in the project's central fife upon the completion of field 
work. 

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site 
logbook, notebooks, and all appropriate and current forms and field reports illustrated in this guideline 
(and any additional forms required by the contract) are correctly used, accurately filled out, and completed 
in the required time-frame. 

5.0 	PROCEDURES 

5.1 	Site Logbook 

5.1.1 	General 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major onsite 
activities are documented. At a minimum, the following activities/events shall be recorded or referenced 
(daily) in the site logbook: 

All field personnel present 
Arrival/departure of site visitors 
Time and date of H&S training 
ArrivaVdeparture of equipment 
Time and date of equipment calibration 
Start and/or completion of borehole, trench, monitoring well installation, etc. 
Daily onsite activities performed each day 
Sample pickup information 
Health and Safety issues (level of protection observed, etc.)  
Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the 
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day 
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that onsite activities take place which involve Tetra Tech NUS or subcontractor personnel. Upon 
completion of the fieldwork, the site logbook must become part of the project's central file. 

  

 

The following information must be recorded on the cover of each site logbook: 

     

 

• Project name 
• Tetra Tech NUS project number 
• Sequential book number 
• Start date 
• End date 

       

 

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section 
5.2), but must summarize the contents of these other notebooks and refer to specific page locations in 
these notebooks for detailed information (where applicable). An example of a typical site logbook entry is 
shown in Attachment A. 

If measurements are made at any location, the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the field notebook in which the measurements 
are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No 
erasures are permitted. If an incorrect entry is made, the entry shall be crossed out with a single strike 
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used must 
be signed and dated. The site logbook must also be signed by the Field Operations Leader at the end of 
each day. 

  

 

5.1.2 	Photographs 

        

 

When movies, slides, or photographs are taken of a site or any monitoring location, they must be 
numbered sequentially to correspond to logbook/notebook entries. The name of the photographer, date, 
time, site location, site description, and weather conditions must be entered in the logbook/notebook as 
the photographs are taken. A series entry may be used for rapid-sequence photographs. The 
photographer is not required to record the aperture settings and shutter speeds for photographs taken 
within the normal automatic exposure range. However, special lenses, films, filters, and other image-
enhancement techniques must be noted in the logbook/notebook. If possible, such techniques shall be 
avoided, since they can adversely affect the accuracy of photographs. Chain-of-custody procedures 
depend upon the subject matter, type of camera (digital or film), and the processing it requires. Film used 
for aerial photography, confidential information, or criminal investigation require chain-of-custody 
procedures. Once processed, the slides of photographic prints shall be consecutively numbered and 
labeled according to the logbook/notebook descriptions. The site photographs and associated negatives 
and/or digitally saved images to compact disks must be docketed into the project's central file. 

  

 

5.2 	Field Notebooks 

        

 

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent 
field activities conducted directly under their supervision. For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a 
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a field notebook. 
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5.3 	Field Forms 

          

               

 

All Tetra Tech NUS field forms (see list in Section 6.0 of this SOP) can be found on the company's 
intranet site (http://intranet.ttnus.com) under Field Log Sheets. Forms may be altered or revised for 
project-specific needs contingent upon client approval. Care must be taken to ensure that all essential 
information can be documented. Guidelines for completing these forms can be found in the related 
sampling SOP. 

5.3.1 	Sample Collection, Labeling, Shipment, Request for Analysis, and Field. Test Results 

  

 

5.3.1.1 	Sample Loci Sheet 

         

 

Sample Log Sheets are used to record specified types of data while sampling. The data recorded on 
these sheets are useful in describing the sample as well as pointing out any problems, difficulties, or 
irregularities encountered during sampling. A log sheet must be completed for each sample obtained, 
including field quality control (QC) samples. 

  

 

5.3.1.2 	Sample Label  

         

 

A typical sample label is illustrated in Attachment B. Adhesive labels must be completed and applied to 
every sample container. Sample labels can usually be obtained from the appropriate Program source 
electronically generated in-house, or are supplied from the laboratory subcontractor. 

  

 

5.3.1.3 	Chain-of-Custody Record Form 

      

 

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person. This form 
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are 
performed on site or off site. One carbonless copy of the completed COC form is retained by the field 
crew, one copy is sent to the Project Manager (or designee), while the original is sent to the laboratory. 
The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and taped 
inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COG form, the 
COC form should be sent with the cooler containing vials for VOC analysis or the cooler with the air bill 
attached. The air bill should then state how many coolers are included with that shipment. An example of 
a Chain-of-Custody Record form is provided as Attachment C. Once the samples are received at the 
laboratory, the sample cooler and contents are checked and any problems are noted on the enclosed 
COG form (any discrepancies between the sample labels and COC form and any other problems that are 
noted are resolved through communication between the laboratory point-of-contact and the Tetra Tech 
NUS Project Manager). The COC form is signed and copied. The laboratory will retain the copy while the 
original becomes part of the samples' corresponding analytical data package. 

  

 

5.3.1.4 	Chain-of-Custody Seal 

        

 

Attachment D is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part of 
a chain-of-custody process and is used to prevent tampering with samples after they have been collected 
in the field and sealed in coolers for transport to the laboratory. The COC seals are signed and dated by 
the sampler(s) and affixed across the lid and body of each cooler (front and back) containing 
environmental samples (see SOP SA-6.1). COC seals may be available from the laboratory; these seals 
may also be purchased from a supplier. 

  

019611/P 
	

Tetra Tech NUS. Inc. 



p arnnont of data, 

Page 
5 of 12 

Subject Number 
SA-6.3 

FIELD DOCUMENTATION Revision 
2 

Effective Date 
09/03 

5.3.1.5 	Geochemical Parameters Log Sheets  

Field Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results. 

5.3.2 	Hydrogeological and Geotechnical Forms 

5.3.2.1 	Groundwater Level Measurement Sheet 

A Groundwater Level Measurement Sheet must be filled out for each round of water level measurements 
made at a site. 

•-5.322 	Data-Sheet-for-Pumia44-Tost- 

43u-ring. the performance-44-a-pumping-test-(or-an-in.sitWaydrats 
m-ust-be-Feeer-eleelreitea--within-a-s-he-FE-tiffic period. The-Pefivitig--Test-Boatec-Shee 	litertes-thistask-by 

443r-4144-pumping-well-apa 
rval-fer-eell en-te-14e-la4-out-In-adVar460, 

5.3.2.8 	Packer Toot Report Form  

nr each well lipnrluttbirb..a_pocker tact is conducted  

5.3.2.4 	Boring Loq 

During the progress of each boring, a log of the materials encountered, operation and driving of casing, 
and location of samples must be kept. The Summary Log of Boring, or Boring Log is used for this 
purpose and must be completed for each soil boring performed. In addition, if volatile organics are 
monitored on cores, samples, cuttings from the borehole, or breathing zone, (using a PID or FID), these 
readings must be entered on the boring log at the appropriate depth. The "Remarks" column can be used 
to subsequently enter the laboratory sample number, the concentration of key analytical results, or other 
pertinent information. This feature allows direct comparison of contaminant concentrations with soil 
characteristics. 

5.3.2.5 	Monitoring Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well, piezometer, or 
temporary well point installed. This form contains specific information on length and type of well riser pipe 
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics. 
This information is important in evaluating the performance of the monitoring well, particularly in areas 
where water levels show temporal variation, or where there are multiple (immiscible) phases of 
contaminants. Depending on the type of monitoring well (in overburden or bedrock, stick-up or flush 
mount), different forms are used. 

5226 	Mist Pit I nji 

When-a-test4A-or trench is- conetrurted for jokfatioativP...or ao-tpling ruIrraces a Tet Pit Log rrktict hp 

-ge4ategist-er-sampling technician. 
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5.3.2.7 	Miscellaneous Monitoring Well Forms 

      

 

Monitoring Well Materials Certificate of Conformance should be used as the project directs to document 
all materials utilized during each monitoring well installation. 

The Monitoring Well Development Record should be used as the project directs to document all well 
development activities. 

5.3.2.8 	Miscellaneous Field Forms - QA and Checklists  

 

 

Container Sample and Inspection Sheet should be used as the project directs each time a container 
(drum, tank, etc.) is sampled and/or inspected. 

QA Sample Log Sheet should be used at the project directs each time a QA sample is colleted, such as 
Rinsate Blank, Source Blank, etc. 

Field Task Modification Request (FTMR) will be prepared for all deviations from the project planning 
documents. The FOL is responsible for initiating the FTMRs. Copies of all FTMRs will be maintained with 
the onsite planning documents and originals will be placed in the final evidence file. 

The Field Project Daily Activities Check List and Field Project Pre-Mobilization Checklist should be used 
during both the planning and field effort to assure that all necessary tasks are planned for and completed. 
These two forms are not a requirement but a useful tool for most field work. 

 

 

5.3.3 	Equipment Calibration and Maintenance Form 

   

 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the 
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the 
measurement, arid determine if correction should be applied to the readings. Some items of equipment 
require frequent calibration, others infrequent. Some are calibrated by the manufacturer, others by the 
user. 

Each instrument requiring calibration has its own Equipment Calibration Log which documents that the 
manufacturer's instructions were followed for calibration of the equipment, including frequency and type of 
standard or calibration device. An Equipment Calibration Log must be maintained for each electronic 
measuring device used in the field; entries must be made for each day the equipment is used or in 
accordance with the manufacturer's recommendations. 

 

 

5.4 	Field Reports 

         

 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not 
accessible for timely review by project management. 

 

 

5.4.1 	Daily Activities Report 

       

 

To provide timely oversight of onsite contractors, Daily Activities Reports are completed and submitted as 
described below. 
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5.4.1.1 	Description  

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This 
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other 
related activities occurring which involve subcontractor personnel. These sheets summarize the work 
performed and form the basis of payment to subcontractors. The DAR form can be found on the TtNUS 
intranet site. 

5.4.1.2 	Responsibilities 

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature 
acknowledging that the times and quantities of material entered are correct. 

5.4.1.3 	Submittal and Approval 

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations 
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires no 
further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and in 
preparing weekly status reports for submission to the Project Manager. 

5.4.2 	Weekly Status Reports 

To facilitate timely review by project management, photocopies of logbook/notebook entries may be made 
for internal use. 

It should be noted that in addition to summaries described herein, other summary reports may also be 
contractually required. 

All Tetra Tech NUS field forms can be found on the company's intranet site at http://intranet.ttnus.com  
under Field Log Sheets. 

6.0 	LISTING OF TETRA TECH NUS FIELD FORMS FOUND ON THE TTNUS INTRANET 
SITE. HTTP://INTRANET.TTNUS.COM  CLICK ON FIELD LOG SHEETS 

Groundwater Sample Log Sheet 
Surface Water Sample Log Sheet 
SoiVSediment Sample Log Sheet 
Container Sample and Inspection Sheet 
Geochemical Parameters (Natural Attenuation 
Groundwater Level Measurement Sheet 
pumpit4g-T-est,Dala.-Sbee-t-
,P-askex-Tast-grape4-F-Gr-Fill—
Boring Log 

Monitoring Well Construction Confining Layer 
Monitoring Well Construction Overburden Flush Mount 
Monitoring Well Construction Overburden Stick Up 
Test Pitlog  
Monitoring Well Materials Certificate of Conformance 
Monitoring Well Development Record 

Revision 
2 
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Daily Activities Record 
Field Task Modification Request 
Hydraulic Conductivity Test Data Sheet 
Low Flow Purge Data Sheet 
QA Sample Log Sheet 
Equipment Calibration Log 
Field Project Daily Activities Checklist 
Field Project Pre-Mobilization Checklist 
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ATTACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

START TIME:  	DATE: 	  

SITE LEADER: 
PERSONNEL: 

TtNUS 	 DRILLER 	 SITE VISITORS 

WEATHER: Clear, 68°F, 2-5 mph wind from SE 

ACTIVITIES: 

Revision 
2 

Steam jenney and fire hoses were set up. 

Drilling activities at well 	resumes. Rig geologist was 	 . See Geologist's 
Notebook, No. 1, page 29-30, for details of drilling activity. Sample No. 123-21-S4 collected; 
see sample logbook, page 42. Drilling activities completed at 11:50 and a 4-inch stainless 
steel well installed. See Geologist's Notebook, No. 1, page 31, and well construction details 
for well 	 

Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well 	 

Well 	drilled. Rig geologist was 	 . See Geologist's Notebook, 
No. 2, page 	 for details of drilling activities. Sample numbers 123-22-S1, 123-22-S2, 
and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45. 

Well 	was developed. Seven 55-gallon drums were filled in the flushing stage. The well 
was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped 
from well was "sand free." 

EPA remedial project manger arrives on site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up 
over test pit 	 

Test pit 	 dug with cuttings placed in dump truck. 	Rig geologist was 
	 . 	See Geologist's Notebook, No. 1, page 32, for details of test pit 
activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit 	resulted in a very soft and wet area. A 
mound was developed and the area roped off. 

Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked. 

Field Operations Leader 
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1.0 	PURPOSE 

Decontamination is the process of removing and/or neutralizing site contaminants that have contacted 
and/or accumulated on equipment. The purpose of this Standard Operating Procedure (SOP) is to protect 
site personnel, the general public, and the environment while preserving or maintaining sample integrity. It 
is further intended through this procedure to describe the steps necessary for proper decontamination of 
drilling equipment, earth-moving equipment , chemical sampling equipment and field operation and 
analytical equipment. 

	

2.0 	SCOPE AND APPLICABILITY 

This procedure applies to all equipment used to provide access to/acquire environmental samples that 
may have become contaminated through direct contact with contaminated media including air, water, and 
soil. This equipment includes drilling and heavy equipment and chemical sampling and field analytical 
equipment. Where technologically and economically feasible, single-use sealed disposable equipment will 
be employed to minimize the potential for cross-contamination. This SOP also provides general reference 
information on the control of contaminated materials. 

Decontamination methods and equipment requirements may differ from one project to another. General 
equipment items are specified in Section 6.0, but project-specific equipment must be obtained to address 
the project-specific decontamination procedures presented in Section 7.0 and applicable subsections. 

	

3.0 	GLOSSARY 

Alconox/Liquinox - A brand of phosphate-free laboratory-grade detergent. 

Decontamination Solution - A solution selected/identified in the Health and Safety Plan or Project-Specific 
Quality Assurance Plan. The solution is selected and employed as directed by the project chemist/health 
and safety professional. 

Deionized Water (DI) - Tap water that has been treated by passing through a standard deionizing resin 
column. This water may also pass through additional filtering media to attain various levels of analyte-free 
status. The DI water should meet College of American Pathologists (CAP) and National Committee for 
Clinical Laboratory Standards (NCCLS) specifications for reagent-grade Type I water. 

Potable Water - Tap water from any municipal water treatment system. Use of an untreated potable water 
supply is not an acceptable substitute for tap water. 

Pressure Washing - Process employing a high-pressure pump and nozzle configuration to create a high-
pressure spray of potable water. High-pressure spray is employed to remove solids from equipment. 

Solvent — A liquid in which solid chemicals or other liquids are dissolved. The solvent of choice is 
pesticide-grade isopropanol. Use of other solvents (methanol, acetone, or hexane) may be required for 
particular projects or for a particular purpose (e.g., removal of concentrated waste) and must be justified in 
the project planning documents. For example, it may be necessary to use hexane when analyzing for 
trace levels of pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in 
water, the equipment should be air dried prior to use. Solvents should not be used on PVC equipment or 
well construction materials. 

Steam Pressure Washing - A cleaning method employing a high-pressure spray of heated potable water 
to remove various organic/inorganic chemicals from equipment. 
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4.0 	RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 

Decontamination Personnel - Individuals assigned the task of decontamination. It is the responsibility of 
these individuals to understand the use and application of the decontamination process and solutions as 
well as the monitoring of that process to ensure that it is working properly. This is accomplished through 
visual evaluation, monitoring instrument scanning of decontaminated items, and/or through the collection 
of rinsate blanks to verify contaminant removal. 

Field Operations Leader (FOL) - Responsible for the implementation of project-specific planning 
documents. This includes on-site verification that all field activities are performed in compliance with 
approved SOPs or as otherwise dictated by the approved project plan(s). The FOL is also responsible for 
the completion and accuracy of all field documentation. 

Site Safety Officer (SSO) - Exercises shared responsibility with the FOL concerning decontamination 
effectiveness. All equipment arriving on site (as part of the equipment inspection), leaving the site, and 
moving between locations is required to go through a decontamination evaluation. This is accomplished 
through visual examination and/or instrument screening to determine the effectiveness of the 
decontamination process. Improper or incomplete decontamination is sufficient to restrict equipment from 
entering the site, exiting the site, or moving to a new location on the site until the objectives are 
successfully completed. 

General personnel qualifications for decontamination activities include the following: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

• Familiarity with appropriate decontamination procedures. 

	

5.0 	HEALTH AND SAFETY 

In addition to the health and safety issues and reminders specified in subsections of this SOP, the 
following considerations and requirements must be observed as SOPs for field equipment 
decontamination activities: 

• If any solvents or hazardous chemicals (e.g., isopropyl alcohol) are to be used in equipment 
decontamination activities, the FOL must first obtain the manufacturer's/supplier's Material Safety 
Data Sheet (MSDS) and assure that it is reviewed by all users (prior to its use), added to the site 
Hazardous Chemical Inventory, and maintained on site as part of the project Hazard Communication 
Program. 

• Review and observe specific health and safety requirements (e.g., personal protective equipment 
[PPE]) specified in the project-specific health and safety plan for this activity. 

	

6.0 	EQUIPMENT LIST 

• Wood for decontamination pad construction, when applicable (see Section 7.1). 

• Tools for constructing decontamination pad frame, when applicable (see Section 7.1). 
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• Visqueen sheeting or comparable material to cover decontamination pad frame, when applicable (see 
Section 7.1). 

• Wash/drying racks for auger flights and drill/drive rods, when applicable (see Section 7.2). 

• PPE as specified in the project health and safety plan. 

• Soap and water for washing and rinsing. 

• Deionized water for final rinsing. 

• Solvents (e.g., pesticide-grade isopropanol) for rinsing (see applicable portions of Section 7.2). 

• Tubs, buckets, etc. for containerizing rinse water (see applicable portions of Section 7.2). 

• Sample bottles for collecting rinsate blanks (cee Section 7.2). 

• Calibrated photoionization detector (PID) or flame ionization detector (FID) to monitor decontaminated 
equipment for organic vapors generated through the existence of residual contamination or the 
presence of decontamination solvent remaining after the piece was rinsed. 

• Aluminum foil or clear clean plastic bag for covering cleaned equipment (see applicable portions of 
Section 7.2). 

• Paper towels or cloths for wiping. 

• Brushes, scrapers, or other hand tools useful for removing solid materials from equipment. 

• Clear plastic wrap for covering or wrapping large decontaminated equipment items (see Section 
7.2.2). 

• Drum-moving equipment for moving filled waste drums (optional) (see Section 7.3). 

• Drum labels for waste drums (see Attachment A). 

7.0 	PROCEDURES 

The process of decontamination is accomplished through the removal of contaminants, neutralization of 
contaminants, or isolation of contaminants. To accomplish this activity, preparation is required including 
site preparation, equipment selection, and evaluation of the decontamination requirements and processes. 
Site contaminant types, concentrations, and media types are primary drivers in the selection of the types 
of decontamination and where it will be conducted. For purposes of this SOP, discussion is limited to 
decontamination procedures for general environmental investigations. 

Decontamination processes will be performed at the location(s) specified in project-specific planning 
documents. Typical decontamination locations include the following: 

• Temporary decontamination pads/facilities 
• Sample locations 
• Centralized decontamination pad/facilities 

• Combination of some or all of the above 
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The following discussion includes general considerations for the decontamination process. Specific 
construction and implementation procedures will be as specified in the project-specific planning 
documents and/or may be as dictated by site-specific conditions as long as the intent of the requirements 
in the planning documents is met. This intent is to contain any residual fluids and solids generated 
through the decontamination process. 

7.1 	Decontamination Pad Design/Construction Considerations 

	

7.1.1 	Temporary Decontamination Pads 

Temporary decontamination pads may be constructed at satellite locations within the site area in support 
of temporary work areas. These structures are generally constructed to support the decontamination of 
heavy equipment such as drill rigs and earth-moving equipment but can be employed for smaller articles. 

The purpose of the decontamination pad is to contain wash waters and potentially contaminated soil 
generated during decontamination procedures. Therefore, construction of these pads should take into 
account the following considerations: 

• Site location — The decontamination site selected should be far enough from the work site to 
maximize decontamination effectiveness while minimizing travel distance. The location of the 
decontamination site shall be selected to provide, in the judgment of the FOL or FOL designee, 
compliance with as many of the following characteristics as practicable: 

Well removed from pedestrian/vehicle thoroughfares. 

Avoidance of areas where control/custody cannot be maintained. 

Avoidance of areas where potential releases of contaminated media or decontamination fluids 
may be compounded through access to storm water transport systems, streams, or other 
potentially sensitive areas. 

Avoidance of potentially contaminated areas. 

Avoidance of areas too close to the ongoing operation, where cross-contamination may occur. 

The selected decontamination site should include the following, where possible: 

	

- 	Areas where potable water and electricity are provided. 

Safety Reminder 
When utilizing electrical power sources, either hard-wired or portable-generated sources, 
ensure that: 

- All power is routed through a Ground Fault Circuit Interrupter (GFCI). 

- All power cords are in good condition (no physical damage), rated for the intended 
energy load, and designated for outdoor use. 

In situations where accomplishing these elements is not possible, it will be necessary to 
implement a site electrical grounding program. 
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- Areas where support activities such as removing decontamination waters soil and sediment are 
possible without entering an active exclusion zone. 

Areas that offer sufficient size to carry out the specific decontamination sequence. 

• Decontamination pad (decon pad) — The decon pad shall be constructed to meet the following 
characteristics: 

Size — The size of the pad should be sufficient to accept the equipment to be decontaminated as 
well as permitting free movement around the equipment by the personnel conducting the 
decontamination. The size should permit these movements utilizing pressure/steam washer 
wands and hoses and minimizing splash due to work in close quarters. 

Slope — An adequate slope will be constructed to permit the collection of water and potentially 
contaminated soil within a trough or sump constructed at one end. The collection point for wash 
waters should be of adequate distance that the decontamination workers do not have to walk 
through the wash waters while completing their tasks. Because the pad will be sloped, place a 
light coating of sand over the plastic to minimize potential slips and falls. See the text about liners 
below. 

Sidewalls — The sidewalls shall be at least 6 inches in height (or as high as possible if 6 inches is 
not achievable) to provide adequate containment for wash waters and soil. If splash represents a 
potential problem, splash guards should be constructed to control overspray. Sidewalls may be 
constructed of wood, inflatables, sand bags, etc. to permit containment. Splash guards are 
typically wood frames with Visqueen coverings to control overspray. 

Liner — Depending on the types of equipment and decontamination method tb be used, the liner 
should be of sufficient thickness to provide a puncture-resistant barrier between the 
decontamination operation and the unprotected environment. Care should be taken to examine 
the surface area prior to placing the liner to remove sharp articles (sticks, stones, debris) that 
could puncture the liner. Liners are intended to form an impermeable barrier. The thickness may 
vary from a minimum recommended thickness of 10 mil to 30 mil. The desired thickness may be 
achieved through layering materials of lighter construction. It should be noted that various 
materials (rubber, polyethylene sheeting) become slippery when wet. To minimize this potential 
hazard associated with a sloped liner, a light coating of sand shall be applied to provide traction as 
necessary. 

Wash/drying racks — Auger flights, drill/drive rods, and similar equipment require racks positioned 
off of the ground to permit these articles to be washed, drained, and dried while secured from 
falling during this process. 

For decontamination of direct-push technology (DPT) equipment, the pad may be as simple as a mortar 
tub containing buckets of soapy water for washing and an empty bucket to capture rinse waters. 
Decontamination may be conducted at the rear of the rig to permit rapid tool exchange. 

• Maintenance — Maintain the decontamination area by: 

Periodically clearing the work area of standing water, soil, and debris, and coiling hoses to aid in 
eliminating slip, trip, and fall hazards. In addition, these articles will reduce potential backsplash 
and cross-contamination. 

Regularly changing the decontamination fluids to ensure proper cleaning and prevent cross-
contamination. 
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- 	PPE — Periodically evaluate the condition of, and maintain the decontamination 
including regular cleaning of face shields and safety glasses. This is critical 
of decontamination personnel and the integrity of the decontamination 
that equipment is functioning properly. 

7.1.2 	Decontamination Activities at Drill Rigs/DPT Units 

During subsurface sampling activities including drilling and DPT activities, decontamination 
Macro Core Samplers, split spoons, etc. is typically conducted at an area 
Decontamination is generally accomplished using a soap/water wash and 
brushes. This area requires sufficient preparation to accomplish the decontamination 

Buckets shall be placed within mortar tubs or similar secondary containment 
spills from reaching unprotected environmental media. 	Drying racks shall be 
temporary pads to permit parts to dry and be evaluated prior to use/reuse. 
activity is provided in Section 7.2. 

equipment, 
to ensuring the safety 

process, and it will ensure 

of drive rods, 
adjacent to the operation. 
rinse utilizing buckets and 

objectives. 

tubs to prevent splash and 
employed as directed for 

Methodology regarding this 

chould bo When 	 locations, 	 trowels and sampling at remote 	sampling oquiprnent such as 	 pumpc/tubing 

e• 	 ee 	- 	 •e 	e e -ee_ 	 ..e 	 _e 	_• 

-e• 	- 	 a.. 	 e . 	e- 	e e 	 .•e 

removed. 

7.2 	Equipment Decontamination Procedures 

equipment that may have 

into monitoring wells such 

The following represents procedures to be employed for the decontamination of 
contacted and/or accumulated contamination through site investigation activities. 

7.2.1 	Monitoring Well Sampling Equipment 

7.2.1.1 	Groundwater sampling equipment — This includes pumps inserted 
as bladder pumps, Whale pumps, and Redi-Flo pumps and reusable bailers, etc. 

1. Evacuate to the extent possible, any purge water within the pump/bailer. 

2. Scrub using soap and water and/or steam clean the outside of the pump/bailer and, if applicable, the 
pump tubing. 

3. Insert the pump and tubing/bailer into a clean container of soapy water. Pump/run a sufficient amount 
of soapy water through the pump/bailer to flush out any residual well water. After the pump is flushed, 
circulate soapy water through the pump to ensure that the internal components are thoroughly 
flushed. 

4. Remove the pump and tubing/bailer from the container 

5. Rinse external pump components using tap water. 

6. Insert the pump and tubing/bailer into a clean container of tap water. Pump/run a sufficient amount of 
tap water through the pump/bailer to evacuate all of the soapy water (until clear). 
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7. If 

8. Pass 

9. Drain 

10. Allow 

11. For 

Do not rinse PE, PVC, 
Use the procedures defined in the 
defined, contact the FOL for guidance. 

omitted if groundwater does not contain 

CAUTION 
— 
If they are not 

in Step 7 may be 
hard to remove 

and associated tubing with solvents 
project-specific planning documents. 

The solvent rinse described 
oil, grease, PAHs, PCBs, or other 

organic materials. 

organic 
groundwater contains or is suspected to contain oil, grease, PAHs, PCBs, or other hard to remove 

materials, rinse the equipment to be cleaned with pesticide-grade isopropanol. 

deionized water through the hose to flush out the tap water and solvent residue as applicable. 

residual deionized water to the extent possible. 

components of the equipment to air dry. 

bladder 	disassemble the 	and wash the internal components with soap and water, pumps, 	 pump 
then 	tap water, isopropanol, and deionized water and allow to dry. 	After the 	are dry, rinse with 	 parts 

specific 	documents to ensure that the decontamination 	is functioning ao project 	planning 	 process 

wipe samples or field tests such as UV light may be used. 

12. Wrap 

7.2.1.2 

During 
the surface 
should 

1. Wash 
2. Rinse 
3. Rinse 

pump/bailer in aluminum foil or a clear clean plastic bag for storage. 

Remember when handling powered 
render the equipment to a zero energy 

valves, 

SAFETY REMINDER 
source and 

before opening 
equipment to disconnect the power 
state (both potential and kinetic) 

disconnecting lines, etc. 

Electronic Water Level Indicators/Sounders/Tapes 

deionized water and wiping 
full decontamination 

water level measurements, rinsing the extracted tape and probe with 
of the extracted tape between locations is acceptable. However, periodic 

be conducted as follows: 

with soap and water 
with tap water 
with deionized water 

In situations where oil, grease, 
encountered, probes and exposed 
or tapes cannot be satisfactorily 

they should 

NOTE 
materials are 

water. If probes 
discolored, etc.), 

free product, other hard to remove 
tapes should be washed in hot soapy 

decontaminated (they are still stained, 
be removed from service. 
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7.2.1.3 	Miscellaneous Equipment 

Miscellaneous equipment including analytical equipment (water quality testing equipment) shall be cleaned 
per manufacturers' instructions. This generally includes wiping the sensor housing and rinsing with tap 
and deionized water. 

Coolers/shipping containers employed to ship samples are received from the laboratory in a variety of 
conditions including marginal to extremely poor. Coolers shall be evaluated prior to use for the following: 

Structural integrity — Coolers missing handles or having breaks in the outer housing should be 
removed and not used. Notify the laboratory that the risk of shipping samples in the cooler(s) 
provided is too great and request a replacement unit. 

• Cleanliness — As per protocol, only volatile organic samples are accompanied by a trip blank. If a 
cooler's cleanliness is in question (visibly dirty/stained) or if there are noticeable odors, the cooler 
should be decontaminated prior to use as follows: 

1. Wash with soap and water 
2. Rinse with tap water 
3. Dry 

If these measures fail to clean the cooler to an acceptable level, remove the unit from use as a shipping 
container and ask the cooler provider (e.g., the analytical laboratory) to provide a replacement unit. 

7.2.2 	Downhole Drilling Equipment 

This includes any portion of the drill rig that is over the borehole, including auger flights, drill stems, rods, 
and associated tooling that would extend over the borehole. The following procedure is to be employed 
prior to initiating the drilling/sampling activity, then between locations: 

CAUTION 
Exercise care when using scrapers to remove soil and debris from downhole drilling 
equipment. Inadvertent slips of scrapers have resulted in cuts, scrapes, and injured 

knuckles, so use scrapers carefully when removing soil from these items. 

1. Remove loose soil using shovels, scrapers, etc. 

2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 
washing, remove visible dirt/soil from the equipment being decontaminated. 

CAUTION 
In Step 3, do not rinse PE, PVC, and associated tubing with solvents. The appropriate 

procedures should be defined within the project-specific planning documents. If they are 
not defined, contact the FOL for guidance. The solvent rinse described in Step 4 may be 
omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove 

organic materials. 

3. Rinse the equipment with tap water, where applicable (steam cleaning and pressure washing 
incorporate rinsing as part of the process). 
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4. If the equipment has directly or indirectly contacted contaminated sample media and is known or 
suspected of being contaminated with oil, grease, PAHs, PCBs, or other hard to remove organic 
materials, rinse equipment with pesticide-grade isopropanol 

5. To the extent possible, allow components to air dry. 

6. If the decontaminated equipment is to be used immediately after decontamination, screen it with a 
calibrated photoionization detector (PID)/flame ionization detector (FID) to ensure that all 
contaminants and possible decontamination solvents (if they were used) have been adequately 
removed. 

7. Wrap or cover equipment in clear plastic until it is time to be used. 

SAFETY REMINDER 
Even when equipment is disconnected from power sources, dangers such as the 

following may persist: 

Falls - An auger flight standing on its end may fall and injure someone. Secure all loose 
articles to prevent heavy articles from falling onto people or equipment. 

Burns - Steam cleaner water is heated to more than 212 °F and exhibits thermal energy 
that can cause burns. Prevent contact of skin with hot water or surfaces. 

High water pressure - Pressure washer discharge can have 2,000 to 4,000 psi of water 
pressure. Water under this amount of pressure can rupture skin and other human 

tissues. Water at 4,000 psi exiting a 0° tip can be dangerous because of its relatively 
high cutting power. The exit velocity and cutting power of the water are reduced when 

exiting a 40° fan tip, but damage to soft tissues is still possible. 

In general, follow the rules below to avoid injury, equipment damage, or incomplete decontamination: 

1. Read the operating manual and follow the manufacturers' recommended safety practices before 
operating pressure washers and steam cleaners. 

2. Never point the pressure washer or steam cleaner at another person or use to clean your boots or 
other parts of your body. Water lacerations and burns may appear to be minor at first but can be life 
threatening. Do not attempt to hold small parts in your hand while washing them with high-
temperature or high-pressure water. 

3. Always wear PPE as specified in the HASP such as: 

Hard hat, safety glasses, splash shield, impermeable apron or splash suit, and hearing protection. 
Remember that excessive noise is a hazard when operating gas-powered engines and electrically 
driven pressure washers. PPE will be identified in your project specific planning documents. 

4. Inspect each device before use. An inspection checklist will be provided in the project-specific 
planning documents. If it is a rented device, safety measures are typically provided by the vendor. In 
all cases, if you are not familiar with the operation of a pressure washer/steam cleaner, do not operate 
it until you obtain and thoroughly review operating instructions and recommended safety practices. 

5. Do not modify equipment unless the manufacturer has approved the modifications. 
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7.2.3 	Soil/Sediment Sampling Equipment 

This section applies to soil sampling equipment including but not limited to hand augers, stainless steel 
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers, etc. 

1. Remove all loose soil from the equipment through manual means. 

2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 
washing, remove visible dirt/soil from the equipment. 

3. Rinse the equipment with tap water. 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents. The appropriate procedures 
should be defined within the project-specific planning documents. If they are not defined, 

contact the FOL for guidance. The solvent rinse described in Step 4 may be omitted if 
groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove organic 

materials. 

4. If the equipment is contaminated or suspected to be contaminated with oil, grease, PAHs, PCBs, or 
other hard to remove organic materials, rinse the equipment with pesticide-grade isopropanol. 

5. Rinse the equipment with deionized water. 

6. To the extent possible, allow components to air dry. 

7. If the equipment is to be used immediately after decontamination, screen it with a calibrated PID/FID 
to ensure that all solvents (if they were used) and trace contaminants have been adequately removed. 

8. After the equipment has dried, wrap it in aluminum foil for storage until use. 

Dredges employed in sediment sampling are typically decontaminated as follows: 

• Remove the sediment sample from the sampling device 

• If sufficient associated surface water is available at the sampling site, place the dredge in the water 
and flush to remove visible sediment. 

• Extract the dredge and wash it in soap and water per the project-specific planning documents. 

CAUTION 
When handling dredges, the primary safety concern is trapping fingers or extremities in 

the larger dredge samplers within the jaws or pinch points of the mechanical jaws. Keep 
hands, fingers, and extremities away from these pinch and compression points. Either 
handle the device by the rope or preferably lock the jaws in place to control the potential 

for closing during maintenance and/or cleaning. 

7.3 	Contact Waste/Materials 

During the course of field investigations, disposable/single-use equipment becomes contaminated. These 
items include tubing, trowels, PPE (gloves, overboots, splash suits, etc.), and broken sample containers. 

019611/P 
	

Tetra Tech NUS, Inc. 



Subject DECONTAMINATION OF FIELD 

EQUIPMENT 
Number 

SA-7.1 
Page 

12 of 15 

Revision 

5 
Effective Date 

04/07/2008 

With the exception of the broken glass, single-use articles should be cleaned (washed and rinsed) of 
visible materials and disposed as normal refuse. The exception to this rule is that extremely soiled 
materials that cannot be cleaned shall be containerized for disposal in accordance with applicable federal, 
state, and local regulations. 

7.3.1 	Investigation-Derived Wastes - Decontamination Wash Waters and Sediments 

NOTE 
Requirements for waste storage may differ from one facility to the next. Facility-specific 

directions for waste storage areas will be provided in project-specific documents, or 
separate direction will be provided by the Project Manager. 

1. Assume that all investigation-derived waste (IDW) generated from decontamination activities contains 
the hazardous chemicals associated with the site unless there are analytical or other data to the 
contrary. Waste solution volumes could vary from a few gallons to several hundred gallons in cases 
where large equipment required cleaning. 

2. Where possible, use filtering systems to extend the use of water within a closed system wash unit to 
recycle water and to reduce possible waste amounts. 

NOTE 
Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent 

containers) that can be sealed until ultimate disposal at an approved facility. 

3. Label waste storage containers appropriately labeled (see Attachment A). 

4. Ensure that the IDW storage area is configured to meet the following specifications to permit access 
to the containers and to conduct spill/leak monitoring, sampling, and extraction when the disposal 
route is determined: 

Enclose areas accessible by the general public using construction fencing and signs. 

Stored materials in 55-gallon drums on pallets with four (or fewer) drums per pallet. 

Maintain the retaining bolt and label on the outside of storage containers where readily visible. 

Provide at least 4 feet of room between each row of pallets to allow access to containers for 
sampling, drum removal, and spill response. 

As directed in project-specific planning documents, maintain an IDW Inventory List and provide 
the list to the site Point of Contact at the termination of each shift. 

Maintain spill response equipment at the IDW storage area in case it is required for immediate 
access. 

- 	Where possible, use equipment for moving containers. Where not possible, obtain help to 
manipulate containers. 
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7.4 

Upon 
following 

• Visual 
This 

until 

Each container of water can weigh 
can weigh more than 750 pounds. 

capacity to minimize spill and handling 

See safe lifting techniques provided 

When placing drums, keep your 
the drums. In some cases such 

the drums to be filled on the pallet 

CAUTION 
drum of wet soil 

to 80 percent 
move filled drums. 

Inc. Health and 

such as between 
you can place 

easier to handle 

Safety 

up to 490 pounds. Each 55-gallon 
Fill drums and temporary containers 

difficulties. 	Use drum carts to 

in Section 4.4 of the Tetra Tech NUS, 
Guidance Manual. 

fingers out of pinch and smash points 
as well development and/or purge water, 

and transport materials in smaller 
containers. 

Decontamination Evaluation 

process in the 

of particulate matter. 
intended. 

the presence of site 
of the instrument shall be 

into residual waters. 	A 
requires a repeat of the 

must be repeated 
level are observed. 	It 

are detectable within the 

• Instrument 
contaminants 
passed 
PID/FID 
decontamination 

should 
instrument's 

decontamination of equipment, determine the effectiveness of the decontamination 
manner: 

evaluation — A visual evaluation will be conducted to ensure the removal 
shall be done to ensure that the washing/rinsing process is working as 

Screening — A properly calibrated PID/FID should be used to evaluate 
and solvents used in the cleaning process. 	The air intake 

over the article to be evaluated. 	Avoid placing the instrument probe 
reading greater than the daily established background level 

process, followed by rescreening with the PID/FID. This sequence 
no instrument readings greater than the daily established background 

be noted that the instrument scan is only viable if the contaminants 
capabilities. 

When required by project-specific 
next step) shall be completed 

samples is obtained 

NOTE 
blanks (see 

not collect these 
planning documents, collection of rinsate 

without exception unless approval to 
from the Project Manager. 

• Collection of Rinsate Blanks 	It is recommended that 4nsatc samples-bo collected to: 

as 	different lot 	of single use articles. equipment 	well as 	 numbers 

project specific planning differently in the 	 documents: 

• Per decontamination method 
of disposable articles • Per disposable article/batch number 
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It is recommended that an initial rinsate sample be collected early in the project to ensure 

that the decontamination process is fuRstioni  

collected later during the execution of the project to ensure that those conditions do not 
change. 

Rinsate samples collection may be driven by types of and/or levels of contaminant. 
A - a e 

the collection of additional rinsates due to the obvious challenges to the decontamination 
process. This is a field consideration to be determined by the FOL. 
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PROJECT ACTION LIMIT REFERENCE TABLES 
  



TABLE F-1A 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CPRATIMII ATTI PC 

CORRECTED 
CAS 

TACO Residential 
Inhalation (1) 

CORRECTED PARAMETER Inhalation 

NON-TACO 
Residential 

Ingestion (3) 

TACO Residential 
Ingestion (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Industrial 
Inhalation (2) 

NON-TACO 
Industrial 

(4) 

TACO Industrial 
Ingestion (2) 

NON-TACO 
Industrial 

Ingestion(4) 

TACO -Construction 
Worker Soil Inhalation(2) 

NON-TACO - 
Construction Worker 

Soil inhalation(4) 

TACO-Construction    

Ingestion(2) 

NON-TACO -.Construction 
Worker Soil Ingestion(4) 

Worker Soil Specific 
TACO - SO to GW 

Class I (1) 
NON-TACO - SO 
to GW Class I (3) 

TACO pH 

Criteria 

Minimum IL 
Criteria MINIMUM IL BASIS 

BIS(2-CHLOROETHYL)ETHER 111-44-4 200 UG/KG NC 600 UG/KG NC 470 UG/KG NC 5000 UG/KG NC 660 UG/KG NC 75000 UG/KG NC 0.4 	UG/KG NC NC 0.4 UG/KG TACO - SO to GW Class I 2-CHLOROPHENOL 95-57-8 53000000 UG/KG NC 390000 UG/KG NC 53000000 UG/KG NC 10000000 UG/KG NC 53000000 UG/KG NC 10000000 UG/KG NC 4000 	UG/KG NC 3600 UG/KG 3600 UG/KG TACO pH Specific Criteria 
PHENOL 108-95-2 NC NC 23000000 UG/KG NC NC NC 610000000 UG/KG NC NC NC 61000000 UG/KG NC 100000 	UG/KG NC NC 100000 UG/KG TACO - SO to GW Class I HEXACHLOROETHANE 67-72-1 NC NC 78000 UG/KG NC NC NC 2000000 UG/KG NC NC NC 2000000 UG/KG NC 500 	UG/KG NC NC 500 UG/KG TACO - SO to GW Class I 
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 NC NC 90 UG/KG NC NC NC 800 UG/KG NC NC NC 18000 UG/KG NC 0.05 	UG/KG NC NC 0.05 UG/KG TACO - SO to OW Class I NITROBENZENE 98-95-3 92000 UG/KG NC 39000 UG/KG NC 140000 UG/KG NC 1000000 UG/KG NC 9400 UG/KG NC 1000000 UG/KG NC 100 	UG/KG NC NC 100 UG/KG TACO - SO to GW Class I 2-METHYLPHENOL 95-48-7 NC NC 3900000 UG/KG NC NC NC 100000000 UG/KG NC NC NC 100000000 UG/KG NC 15000 	UG/KG NC NC 15000 UG/KG TACO - SO to GW Class I ISOPHORONE 78-59-1 4600000 UG/KG NC 15600000 UG/KG NC 4600000 UG/KG NC 410000000 UG/KG NC 4600000 UG/KG NC 410000000 UG/KG NC 8000 	UG/KG NC NC 8000 UG/KG TACO - SO to GW Class I 4-METHYLPHENOL 106-44-5 NC NC NC 390000 UG/KG NC NC NC 10000000 UG/KG NC NC NC NC NC 200 UG/KG NC 200 UG/KG NON-TACO - SO to GW Class I 1,1-BIPHENYL 92-52-4 NC NC NC 3900000 UG/KG NC NC NC 100000000 UG/KG NC NC NC 10000000 UG/KG NC 150000 UG/KG NC 150000 UG/KG NON-TACO - SO to GW Class I 2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 NC 1300000 UG/KG NC 3100000 UG/KG NC 1300000 UG/KG NC 82000000 UG/KG NC NC NC NC NC 2400 UG/KG NC 2400 UG/KG NON-TACO - SO to GW Class I 2,4,5-TRICHLOROPHENOL 95-95-4 NC NC 7800000 UG/KG NC NC NC 200000000 UG/KG NC NC NC 200000000 UG/KG NC 270000 	UG/KG NC 130000 UG/KG 130000 UG/KG TACO pH Specific Criteria 2,4,6-TRICHLOROPHENOL 88-06-2 200000 UG/KG NC 58000 UG/KG NC 390000 UG/KG NC 520000 UG/KG NC 540000 UG/KG NC 11000000 UG/KG NC 200 	UG/KG NC 90 UG/KG 90 UG/KG TACO pH Specific Criteria 2,4-DICHLOROPHENOL 120-83-2 NC NC 230000 UG/KG NC NC NC 6100000 UG/KG NC NC NC 610000 UG/KG NC 1000 	UG/KG NC 860 UG/KG 860 UG/KG TACO pH Specific Criteria 
2,4-DIM ETHYLPHENOL 105-67-9 NC NC 1600000 UG/KG NC NC NC 41000000 UG/KG NC NC NC 41000000 UG/KG NC 9000 	UG/KG NC NC 9000 UG/KG TACO - SO to GW Class I 2,4-DINITROPHENOL 51-28-5 NC NC 160000 UG/KG NC NC NC 4100000 UG/KG NC NC NC 410000 UG/KG NC 200 	UG/KG NC NC 200 UG/KG TACO - SO to GW Class I 
2,4-DINITROTOLUENE 121-14-2 NC NC 900 UG/KG NC NC NC 8400 UG/KG NC NC NC 180000 UG/KG NC 0.8 	UG/KG NC NC 0.8 UG/KG TACO - SO to GW Class I 2,6-DINITROTOLUENE 606-20-2 NC NC 900 UG/KG NC NC NC 8400 UG/KG NC NC NC NC NC 0.7 	UG/KG NC NC 0.7 UG/KG TACO - SO to GW Class I 2-CHLORONAPHTHALENE 91-58-7 NC NC NC 6300000 UG/KG NC NC NC 160000000 UG/KG NC NC NC 410000 UG/KG NC 49000 UG/KG NC 49000 UG/KG NON-TACO - SO to GW Class I 
2-NITROANILINE 88-74-4 NC 35000 UG/KG NC 230000 UG/KG NC 56000 UG/KG NC 6100000 UG/KG NC 3600 UG/KG NC 610000 UG/KG NC 140 UG/KG NC 140 UG/KG NON-TACO - SO to GW Class I 2-NITROPHENOL 88-75-5 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 
3,3'-DICHLOROBENZIDINE 91-94-1 NC NC 1000 UG/KG NC NC NC 13000 UG/KG NC NC NC 280000 UG/KG NC 7 	UG/KG NC NC UG/KG TACO - SO to GW Class I 3-NITROANILINE 99-09-2 NC 250000 UG/KG NC 23000 UG/KG NC 400000 UG/KG NC 610000 UG/KG NC 26000 UG/KG NC 61000 UG/KG NC 10 UG/KG NC 10 UG/KG NON-TACO - SO to GW Class I 4,6-DINITRO-2-METHYLPHENOL 534-52-1 NC NC NC 7800 UG/KG NC NC NC 200000 UG/KG NC NC NC NC NC 3.1 UG/KG NC 3.1 UG/KG NON-TACO SO to GW Class I 	Spec pH 4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4-CHLORO-3-METHYLPHENOL 59-50-7 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4-CHLOROANILINE 106-47-8 NC NC 310000 UG/KG NC NC NC 8200000 UG/KG NC NC NC NC NC 700 	UG/KG NC NC 700 UG/KG TACO - SO to GW Class I 4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4-NITROANILINE 100-01-6 NC 1000000 UG/KG NC 230000 UG/KG NC 1600000 UG/KG NC 6100000 UG/KG NC 110000 UG/KG NC 610000 UG/KG NC 100 UG/KG NC 100 UG/KG NON-TACO - SO to GW Class I 4-NITROPHENOL 100-02-7 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC ACETOPHENONE 98-86-2 NC NC NC NC NC NC NC NC NC NC NC 820000 UG/KG NC NC NC NC NC ATRAZINE 1912-24-9 NC NC 2700000 UG/KG NC NC NC 72000000 UG/KG NC NC NC 7100000 UG/KG NC 66 	UG/KG NC NC 66 UG/KG TACO - SO to GW Class I BENZALDEHYDE 100-52-7 NC 620000 UG/KG NC 7800000 UG/KG NC 620000 UG/KG NC 200000000 UG/KG NC 620000 UG/KG NC 200000000 UG/KG NC 3300 UG/KG NC 3300 UG/KG NON-TACO - SO to GW Class I BIS(2-CHLOROEMOXY)METHANE 111-91-1 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 31000000 UG/KG NC 46000 UG/KG NC 31000000 UG/KG NC 410000 UG/KG NC NC 1300000 UG/KG NC 8200000 UG/KG 3600000 UG/KG NC NC 46000 UG/KG TACO Residential Ingestion BUTYL BENZYL PHTHALATE 85-68-7 930000 UG/KG NC 16000000 UG/KG NC 930000 UG/KG NC 410000000 UG/KG NC 930000 UG/KG NC 410000000 UG/KG NC 930000 	UG/KG NC NC 930000 UG/KG TACO Residential Ingestion CAPROLACTAM 105-60-2 NC NC NC 39000000 UG/KG NC NC NC 1000000000 UG/KG NC NC NC 100000000 UG/KG NC 14000 UG/KG NC 14000 UG/KG NON-TACO - SO to GW Class CARBAZOLE 86-74-8 NC NC 32000 UG/KG NC NC NC 290000 UG/KG NC NC NC 6200000 UG/KG NC 600 	UG/KG NC NC 600 UG/KG TACO - SO to GW Class I DIBENZOFURAN 132-64-9 NC NC NC NC NC NC NC NC NC NC NC 820000 UG/KG NC NC NC 820000 UG/KG NON-TACO Const Worker DIETHYL PHTHALATE 84-66-2 2000000 UG/KG NC 63000000 UG/KG NC 2000000 UG/KG NC 1000000000 UG/KG NC 2000000 UG/KG NC 1.000000000 UG/KG NC 470000 	UG/KG NC NC 470000 UG/KG TACO - SO to GW Class I DIMETHYL PHTHALATE 131-11-3 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC DI-N-BUTYL PHTHALATE 84-74-2 2300000 UG/KG NC 7800000 UG/KG NC 2300000 UG/KG NC 200000000 UG/KG NC 2300000 UG/KG NC 2000000000 UG/KG NC 2300000 UG/KG NC NC 2300000 UG/KG TACO Residential Ingestion DI-N-OCTYL PHTHALATE 117-84-0 10000000 UG/KG NC 1600000 UG/KG NC 10000000 UG/KG NC 41000000 UG/KG NC 10000000 UG/KG NC 4100000 UG/KG NC 10000000 UG/KG NC NC 1600000 UG/KG TACO Residential Ingestion HEXACHLOROBENZENE 118-74-1 1000 UG/KG NC 400 UG/KG NC 1800 UG/KG NC 4000 UG/KG NC 2600 UG/KG NC 78000 UG/KG NC 2000 	UG/KG NC NC 400 UG/KG TACO Residential Ingestion HEXACHLOROBUTADIENE 87-68-3 NC 150000 UG/KG NC 78000 UG/KG NC 150000 UG/KG NC 2000000 UG/KG NC 72000 UG/KG NC 200000 UG/KG NC 2200 UG/KG NC 2200 UG/KG NON-TACO - SO to GW Class I HEXACHLOROCYCLOPENTADIENE 77-47-4 10000 UG/KG NC 550000 UG/KG NC 16000 UG/KG NC 14000000 UG/KG NC 1100 UG/KG NC 1400000 UG/KG NC 400000 	UG/KG NC NC 10000 UG/KG TACO Residential Ingestion N-NITROSODIPHENYLAMINE  86-30-6 NC NC 130000 UG/KG NC NC NC 1200000 UG/KG NC NC NC 25000000 UG/KG NC 1000 	UG/KG • NC NC 1000 UG/KG TACO - SO to GW Class I PENTACHLOROPHENOL 87-86-5 NC NC 3000 UG/KG NC NC NC 24000 UG/KG NC NC NC 520000 UG/KG NC 30 	UG/KG NC 20 UG/KG 20 UG/KG TACO pH Specific Criteria POLYNUCLEAR AROMATIC HYDROCARBONS 
ACENAPHTHENE  83-32-9 NC NC 4700000 UG/KG NC NC NC 120000000 UG/KG NC NC NC 120000000 	UG/KG 	NC 	 570000 	UG/KG NC 	 NC 570000 UG/KG TACO - SO to GW Class I ACENAPHTHYLENE  208-96-8 NC NC NC 2300000 UG/KG NC NC NC 61000000 UG/KG NC NC NC 	 61000000 	UG/KG 	NC 85000 	UG/KG 	NC 85000 UG/KG NON-TACO - SO to GW Class I ANTHRACENE 120-12-7 NC NC 23000000 UG/KG NC NC NC 610000000 UG/KG NC NC NC 610000000 	UG/KG 	NC 	 12000000 UG/KG NC 	 NC 12000000 UG/KG TACO - SO to GW Class I BENZO(A)ANTHRACENE 56-55-3 NC NC 900 UG/KG NC NC NC 8000 UG/KG NC NC NC 170600 	UG/KG 	NC 	 2000 	UG/KG NC 	 NC 900 UG/KG TACO Residential Ingestion BENZO(A)PYRENE  50-32-8 NC NC 90 UG/KG NC NC NC 800 UG/KG NC NC NC 17000 	UG/KG 	NC 	 8000 	UG/KG NC 	 NC 90 UG/KG TACO Residential Ingestion BENZO(B)FLUORANTHENE  205-99-2 NC NC 900 UG/KG NC NC NC 8000 UG/KG NC NC NC 170000 	UG/KG 	NC 	 5000 	UG/KG NC 	 NC 900 UG/KG TACO Residential Ingestion BENZO(G,H,I)PERYLENE  191-24-2 NC NC NC 2300000 UG/KG NC NC NC 61000000 UG/KG NC NC NC 	 61000000 	UG/KG 	NC 27000000 UG/KG 	NC 2300000 UG/KG NON-TACO Residential Ingestion BENZO(K)FLUORANTHENE  207-08-9 NC NC 9000 UG/KG NC NC NC 78000 UG/KG NC NC NC 1700000 	UG/KG 	NC 	 49000 	UG/KG NC 	 NC 9000 UG/KG TACO Residential Ingestion CHRYSENE  218-01-9 NC NC 88000 UG/KG NC NC NC 780000 UG/KG NC NC NC 17000000 	UG/KG 	NC 	 160000 	UG/KG NC 	 NC 88000 UG/KG TACO Residential Ingestion DIBENZO(A,H)ANTHRACENE  53-70-3 NC NC 90 UG/KG NC NC NC 800 UG/KG NC NC NC 17000 	UG/KG 	NC 	 • 2000 	UG/KG NC 	 NC 90 UG/KG TACO Residential Ingestion FLUORANTHENE  206-44-0 NC NC 3100000 UG/KG NC NC NC 82000000 UG/KG NC NC NC 82000000 	UG/KG 	NC 	 4300000 UG/KG NC 	 NC 3100000 UG/KG TACO Residential Ingestion FLUORENE  86-73-7 NC NC 3100000 UG/KG NC NC NC 82000000 UG/KG NC NC NC 82000000 	UG/KG 	NC 	 560000 	UG/KG NC 	 NC 560000 UG/KG TACO - SO to GW Class I 2-METHYLNAPHTHALENE  91-57-6 NC NC NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC INDEN0(1,2,3-CD)PYRENE  193-39-5 NC NC 900 UG/KG NC NC NC 8000 UG/KG NC NC NC 170000 	UG/KG 	NC 	 14000 	UG/KG NC 	 NC 900 UG/KG TACO Residential Ingestion NAPHTHALENE  91-20-3 170000 	UG/KG NC 1600000 UG/KG NC 270000 UG/KG 	NC 41000000 UG/KG NC 1800 	UG/KG NC 4100000 	UG/KG 	NC 	 12000 	UG/KG NC 	 NC 12000 UG/KG TACO - SO to GW Class I PHENANTHRENE 85-01-8 NC NC NC 2300000 UG/KG NC NC NC 61000000 UG/KG NC NC NC 	 61000000 	UG/KG 	NC 200000 	UG/KG 	NC 200000 UG/KG NON-TACO - SO to GW Class I PYRENE  129-00-0 NC NC 2300000 UG/KG NC NC NC 61000000 UG/KG NC NC NC 61000000 	UG/KG 	NC 	 4200000 UG/KG NC 	 NC 2300000 UG/KG TACO Residential Ingestion PCBs 
AROCLOR-1016  12674-11-2 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1221  11104-28-2 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1232  11141-16-5 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1242  53469-21-9 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1248 12672-29-6 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1254  11097-69-1 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1260  11096-82-5 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC TOTAL AROCLOR 
INORGANICS 

1336-36-3 NC NC 	 1000 UG/KG NC NC NC 1000 	UG/KG NC NC NC 1000 	 NC 	 NC NC 	 NC 1000 UG/KG TACO Residential Ingestion 

ALUMINUM  7429-90-5 NC 1000000 MG/KG NC 78000 MG/KG NC 1000000 MG/KG NC 1000000 MG/KG NC 870000 MG/KG NC 410000 MG/KG NC NC NC 78000 MG/KG NON-TACO Residential Ingestion ANTIMONY  7440-36-0 NC NC 31 MG/KG NC NC NC 820 MG/KG NC NC NC 82 	• MG/KG NC NC NC 5 MG/KG 5 MG/KG TACO pH Specific Criteria ARSENIC  7440-38-2 750 MG/KG NC NC NC 1200 MG/KG NC NC NC 25000 MG/KG NC 61 MG/KG NC NC NC 30 MG/KG 30 MG/KG TACO pH Specific Criteria BARIUM  7440-39-3 690000 MG/KG NC 5500 MG/KG NC 910000 MG/KG NC 140000 MG/KG NC 870000 MG/KG NC 14000 MG/KG NC NC NC 1800 MG/KG 1800 MG/KG TACO pH Specific Criteria BERYLLIUM  7440-41-7 1300 MG/KG NC 160 MG/KG NC 2100 MG/KG NC 4100 MG/KG NC 44000 MG/KG NC 410 MG/KG NC NC NC 1000 MG/KG 160 MG/KG TACO Residential Ingestion CADMIUM  7440-43-9 1800 MG/KG NC 78 MG/KG NC 2800 MG/KG NC 2000 MG/KG NC 59000 MG/KG NC 200 MG/KG NC NC NC 59 MG/KG 59 MG/KG TACO pH Specific Criteria CALCIUM  7440-70-2 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC CHROMIUM  7440-47-3 270 MG/KG NC 230 MG/KG NC 420 MG/KG NC 6100 MG/KG NC 690 MG/KG NC 4100 MG/KG NC NC NC NC 230 MG/KG TACO Residential Ingestion COBALT  7440-48-4 NC NC 4700 MG/KG NC NC NC 120000 MG/KG NC NC NC 12000 MG/KG NC NC NC NC 4700 MG/KG TACO Residential Ingestion COPPER  7440-50-8 NC NC 2900 MG/KG NC NC NC 82000 MG/KG NC NC NC 8200 MG/KG NC NC NC 330000 MG/KG 2900 MG/KG TACO Residential Ingestion IRON  7439-89-6 NC NC NC 55000 MG/KG NC NC NC 1000000 MG/KG NC NC NC 140000 MG/KG NC NC NC 55000 MG/KG NON-TACO Residential Ingestion LEAD  7439-92-1 NC NC 400 MG/KG NC NC NC 800 MG/KG NC NC NC 700 MG/KG NC NC NC 107 MG/KG 107 MG/KG TACO pH Specific Criteria MAGNESIUM  7439-95-4 NC NC 325000 MG/KG NC NC NC NC NC NC NC 730000 MG/KG NC NC NC NC 325000 MG/KG TACO Residential Ingestion MANGANESE 7439-96-5 69000 MG/KG NC 1600 MG/KG NC 91000 MG/KG NC 41000 MG/KG NC 8700 MG/KG NC 4100 MG/KG NC NC NC NC 1600 MG/KG TACO Residential Ingestion 
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TABLE F-1A 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER  
CORRECTED 

CAS 

TACO Residential 
Inhalation (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Residential 
Ingestion (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Industrial 
Inhalation (2) 

NON-TACO 
Indus rial 

Inhalation (4) 

TACO Industrial 
Ingestion (2) 

NON-TACO 
Indust MI 

Ingestion(4) 
Worker Soil Inhalation(2) 

NON-TACO - 
Construction Worker 

Soil Inhalation(4) 

TACO - Construction 
Worker Soil 
Ingestion(2) 

TACO - Construction Minimum NON-TACO -Construction 
Worker Soil ingestion(4) 

TACO - SO to GW 
Class 	(1) 

NON-TACO - SO 
to GW Class I (3) 

TACO pH 
Specific 
Criteria 

IL 
Criteria MINIMUM IL BASIS 

MERCURY  7439-97-6 10 MG/KG NC 23 MG/KG NC 16 MG/KG NC 610 MG/KG NC 0.1 MG/KG NC 61 MG/KG NC NC NC 6.4 MG/KG 6.4 MG/KG TACO pH Specific Criteria NICKEL  7440-02-0 13000 MG/KG NC 1600 MG/KG NC 21000 MG/KG NC 41000 MG/KG NC 440000 MG/KG NC 4100 MG/KG NC NC NC 700 MG/KG 700 MG/KG TACO pH Specific Criteria POTASSIUM 7440-09-7 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC SELENIUM  7782-49-2 NC NC 390 MG/KG NC NC NC 10000 MG/KG NC NC NC 1000 MG/KG NC NC NC 3.3 MG/KG 3.3 MG/KG TACO pH Specific Criteria SILVER 7440-22-4 NC NC 390 MG/KG NC NC NC 10000 MG/KG NC NC NC 1000 MG/KG NC NC NC 39 MG/KG 39 MG/KG TACO pH Specific Criteria SODIUM  7440-23-5 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC THALLIUM  7440-28-0 NC NC 6.3 MG/KG NC NC NC 160 MG/KG NC NC NC 160 MG/KG NC NC NC 3.4 MG/KG 3.4 MG/KG TACO pH Specific Criteria VANADIUM 7440-62-2 NC NC 550 MG/KG NC NC NC 14000 MG/KG NC NC NC 1400 MG/KG NC NC NC 980 MG/KG 550 MG/KG TACO Residential Ingestion ZINC 
TCLP-INCIRnANTrg 

7440-66-6 NC NC 23000 MG/KG NC NC NC _ 610000 MG/KG NC NC NC 61000 MG/KG NC NC NC 16000 MG/KG 16000 MG/KG TACO pH Specific Criteria 

ALUMINUM  7429-90-5 NC NC NC NC NC NC NC NC NC NC NC NC NC 3.5 MG/L 	NC 3.5 MG/L NON-TACO - SO to GW Class I ANTIMONY  7440-36-0 NC NC NC NC NC NC NC NC NC NC NC NC 0.006 	MG/L NC NC 0.006 MG/L TACO - SO to GW Class I ARSENIC  7440-38-2 NC NC NC NC NC NC NC NC NC NC NC NC 0.05 	MG/L NC NC 0.05 MG/L TACO - SO to GW Class I BARIUM  7440-39-3 NC NC NC NC NC NC NC NC NC NC NC NC 2 	MG/L NC NC 2 MG/L TACO - SO to GW Class I BERYLLIUM  7440-41-7 NC NC NC NC NC NC NC NC NC NC NC NC 0.004 	MG/L NC NC 0.004 MG/L TACO - SO to GW Class I CADMIUM  7440-43-9 NC NC NC NC NC NC NC NC NC NC NC 	- NC 0.005 	MG/L NC NC 0.005 MG/L TACO - SO to GW Class I CALCIUM  7440-70-2 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC CHROMIUM 7440-47-3 NC NC NC NC NC NC NC NC NC NC NC NC 0.1 	MG/L NC NC 0.1 MG/L TACO - SO to GW Class I COBALT  7440-48-4 NC NC NC NC NC NC NC NC NC NC NC NC MG/L NC NC MG/L TACO - SO to GW Class I COPPER 7440-50-8 NC NC NC NC NC NC NC NC NC NC NC NC 0.65 	MG/L NC NC 0.65 MG/L TACO - SO to GW Class I IRON  7439-89-6 NC NC NC NC NC NC NC NC NC NC NC NC 5 	MG/L 5 MG/L 	NC 5 MG/L TACO - SO to GW Class I LEAD  7439-92-1 NC NC NC NC NC NC NC NC NC NC NC NC 0.0075 	MG/L NC NC 0.0075 MG/L TACO - SO to GW Class I MAGNESIUM  7439-95-4 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC MANGANESE  7439-96-5 NC NC NC NC NC NC NC NC NC NC NC NC 0.15 	MG/L NC NC 0.15 MG/L TACO - SO to GW Class I MERCURY  7439-97-6 NC NC NC NC NC NC NC NC NC NC NC NC 0.002 	MG/L NC NC 0.002 MG/L TACO - SO to GW Class I NICKEL 7440-02-0 NC NC NC NC NC NC NC NC NC NC NC NC 0.1 	MG/L NC NC 0.1 MG/L TACO - SO to GW Class I POTASSIUM  7440-09-7 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC SELENIUM 7782-49-2 NC NC NC NC NC NC NC NC NC NC NC NC 0.05 	MG/L NC NC 0.05 MG/L TACO - SO to GW Class I SILVER  7440-22-4 NC NC NC NC NC NC NC NC NC NC NC NC 0.05 	MG/L NC NC 0.05 MG/L TACO - SO to GW Class I SODIUM  7440-23-5 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC THALLIUM  7440-28-0 NC NC NC NC NC NC NC NC NC NC NC NC 0.002 	MG/L NC NC 0.002 MG/L TACO - SO to GW Class I VANADIUM  7440-62-2 NC NC NC NC NC NC NC NC NC NC NC NC 0.049 	MG/L NC NC 0.049 MG/L TACO - SO to GW Class I ZINC 7440-66-6 NC NC NC _ 	NC NC NC NC NC NC NC NC NC 5 	MG/L NC NC 5 MG/L TACO - SO to GW Class I VOLATILE ORGANICS  
1,1,1-TRICHLOROETHANE  71-55-6 1200000 UG/KG NC NC NC 1200000 UG/KG NC NC NC 1200000 UG/KG NC NC NC 2000 UG/KG NC NC 2000 UG/KG TACO - SO to GW Class I 1,1,2,2-TETRACHLOROETHANE  79-34-5 NC 2000000 UG/KG NC 310000 UG/KG NC 2000000 UG/KG NC 8200000 UG/KG NC 2100000 UG/KG NC NC NC 220 	UG/KG NC 220 UG/KG NON-TACO - SO to GW Class I 1,1,2-TRICHLOROETHANE  79-00-5 1800000 UG/KG NC 310000 UG/KG NC 1800000 UG/KG NC 8200000 UG/KG NC NC 2000000 UG/KG NC NC 20 UG/KG NC NC 20 UG/KG TACO - SO to GW Class I 1,1-DICHLOROETHANE  75-34-3 1300000 UG/KG NC 7800000 UG/KG NC 1700000 UG/KG NC 200000000 UG/KG NC 130000 UG/KG NC 200000000 UG/KG NC 23000 UG/KG NC NC 23000 UG/KG TACO - SO to GW Class I 1,1-DICHLOROETHENE  75-35-4 290000 UG/KG NC 3900000 UG/KG NC 470000 UG/KG NC 100000000 UG/KG NC 3000 UG/KG NC 10000000 UG/KG NC 60 UG/KG NC NC 60 UG/KG TACO - SO to GW Class I 1,2,4-TR1CHLOROBENZENE  120-82-1 3200000 UG/KG NC 780000 UG/KG NC 3200000 UG/KG NC 20000000 UG/KG NC 920000 UG/KG NC 2000000 UG/KG NC 5000 UG/KG NC NC 5000 UG/KG TACO - SO to GW Class I 1,2-DIBROMOETHANE  106-93-4 60 UG/KG NC 320 UG/KG NC 120 UG/KG NC 2900 UG/KG NC 160 UG/KG NC 62000 UG/KG NC 0.4 UG/KG NC NC 0.4 UG/KG TACO - SO to GW Class I 1,2-DICHLOROBENZENE  95-50-1 560000 UG/KG NC 7000000 UG/KG NC 560000 UG/KG NC 180000000 UG/KG NC 310000 UG/KG NC 18000000 UG/KG NC 17000 UG/KG NC NC 17000 UG/KG TACO - SO to GW Class I 1,2-DICHLOROETHANE  107-06-2 400 UG/KG NC 7000 UG/KG NC 700 UG/KG NC 63000 UG/KG NC 990 UG/KG NC 1400000 UG/KG NC 20 UG/KG NC NC 20 UG/KG TACO - SO to GW Class I 1,2-DICHLOROPROPANE  78-87-5 15000 UG/KG NC 9000 UG/KG NC 23000 UG/KG NC 84000 UG/KG NC 500 UG/KG NC 1800000 UG/KG NC 30 UG/KG NC NC 30 UG/KG TACO - SO to GW Class I 1,3-DICHLOROBENZENE  541-73-1 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 1,4-DICHLOROBENZENE  106-46-7 11000000 UG/KG NC NC NC 17000000 UG/KG NC NC NC 340000 UG/KG NC NC NC 2000 UG/KG NC NC 2000 UG/KG TACO - SO to GW Class I 2-BUTANONE  78-93-3 NC NC NC NC NC NC NC NC NC 710000 UG/KG NC 120000000 UG/KG NC NC NC NC NC 2-HEXANONE  591-78-6 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4-METHYL-2-PENTANONE  108-10-1 NC 3100000 UG/KG NC NC NC 3100000 UG/KG NC NC NC 340000 UG/KG NC NC NC NC NC 340000 UG/KG NON-TACO Const Worker ACETONE  67-64-1 100000000 UG/KG NC 70000000 UG/KG NC 100000000 UG/KG NC NC NC 100000000 UG/KG NC NC NC 25000 UG/KG NC NC 25000 UG/KG TACO - SO to GW Class I BENZENE  71-43-2 800 UG/KG NC 12000 UG/KG NC 1600 UG/KG NC 100000 UG/KG NC 2200 UG/KG NC 2300000 UG/KG NC 30 UG/KG NC NC 30 UG/KG TACO - SO to GW Class I BROMODICHLOROMETHANE  75-27-4 3000000 UG/KG NC 10000 UG/KG NC 3000000 UG/KG NC 92000 UG/KG NC 3000000 UG/KG NC 2000000 UG/KG NC 600 UG/KG NC NC 600 UG/KG TACO - SO to GW Class I BROMOFORM  75-25-2 53000 UG/KG NC 81000 UG/KG NC 100000 UG/KG NC 720000 UG/KG NC 140000 UG/KG NC 16000000 UG/KG NC 800 UG/KG NC NC 800 UG/KG TACO - SO to GW Class I BROMOMETHANE  74-83-9 10000 UG/KG NC 110000 UG/KG NC 15000 UG/KG NC 2900000 UG/KG NC 3900 UG/KG NC 1000000 UG/KG NC 200 UG/KG NC NC 200 UG/KG TACO - SO to GW Class I CARBON DISULFIDE  75-15-0 720000 UG/KG NC 7800000 UG/KG NC 720000 UG/KG NC 200000000 UG/KG NC 9000 UG/KG NC 20000000 UG/KG NC 32000 UG/KG NC NC 9000 UG/KG TACO Const Worker CARBON TETRACHLORIDE  56-23-5 300 UG/KG NC 5000 UG/KG NC 640 UG/KG NC 44000 UG/KG NC 900 UG/KG NC 410000 UG/KG NC 70 UG/KG NC NC 70 UGXG TACO - SO to GW Class I CHLOROBENZENE  108-90-7 130000 UG/KG NC 1600000 UG/KG NC 210000 UG/KG NC 41000000 UG/KG NC 1300 UG/KG NC 4100000 UG/KG NC 1000 UG/KG NC NC 1000 UG/KG TACO - SO to GW Class I CFILOROETHANE  75-00-3 NC 1500000 UG/KG NC NC NC 1500000 UG/KG NC NC NC 97000 UG/KG NC NC NC NC NC 97000 UG/KG NON-TACO Const Worker CHLOROFORM 67-66-3 300 UG/KG NC 100000 UG/KG NC 540 UG/KG NC 940000 UG/KG NC 760 UG/KG NC 2000000 UG/KG NC 600 UG/KG NC NC 300 UG/KG TACO Residential Ingestion CHLOROMETHANE  74-87-3 NC 110000 UG/KG NC NC NC 180000 UG/KG NC NC NC 11000 UG/KG NC NC NC NC NC 11000 UG/KG NON-TACO Const Worker 1,2-DIBROM0-3-CHLOROPROPANE  96-12-8 11000 UG/KG NC 460 UG/KG NC 17000 UG/KG NC 4000 UG/KG NC 110 NC 89000 UG/KG NC 2 UG/KG NC NC 2 UG/KG TACO - SO to GW Class I CIS-1,2-DICHLOROETHENE  156-59-2 1200000 UG/KG NC 780000 UG/KG NC 1200000 UG/KG NC 20000000 UG/KG NC 1200000 UG/KG NC 20000000 UG/KG NC 400 UG/KG NC NC 400 UG/KG TACO - SO to GW Class I CIS-1,3-DICHLOROPROPENE  10061-01-5 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC CYCLOHEXANE  110-82-7 NC 280000 UG/KG NC NC NC 280000 UG/KG NC NC NC 110000 UG/KG NC NC NC NC NC 110000 UG/KG NON-TACO Const Worker CHLORODIBROMOMETHANE 124-48-1 1300000 UG/KG NC 1600000 UG/KG NC 1300000 UG/KG NC 41000000 UG/KG NC 1300000 UG/KG NC 41000000 UG/KG NC 400 UG/KG NC NC 400 UG/KG TACO - SO to GW Class I DICHLORODIFLUOROMETHANE 75-71-8 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC ETHYLBENZENE  100-41-4 400000 UG/KG NC 7800000 UG/KG NC 400000 UG/KG NC 200000000 UG/KG NC 58000 UG/KG NC 20000000 UG/KG NC 13000 UG/KG NC NC 13000 UG/KG TACO - SO to GW Class I ISOPROPYLBENZENE 98-82-8 NC NC NC NC NC NC NC NC NC 51000 UG/KG NC NC NC NC NC 51000 UG/KG NON-TACO Const Worker METHYL ACETATE 79-20-9 NC 27000000 UG/KG NC 78000000 UG/KG NC 27000000 UG/KG NC 1000000000 UG/KG NC 27000000 UG/KG NC 1000000000 UG/KG NC 29000 	UG/KG NC 29000 UG/KG NON-TACO - SO to GW Class I METHYL CYCLOHEXANE  108-87-2 NC 120000 UG/KG NC NC NC 120000 UG/KG NC NC NC 46000 UG/KG NC NC NC NC NC 46000 UG/KG NON-TACO Cons( Worker METHYLENE CHLORIDE 75-09-2 13000 UG/KG NC 85000 UG/KG NC 24000 UG/KG NC 760000 UG/KG NC 34000 UG/KG NC 12000000 UG/KG NC 20 UG/KG NC NC 20 UG/KG TACO - SO to GW Class I METHYL TERT-BUTYL ETHER 1634-04-4 8800000 UG/KG NC 780000 UG/KG NC 8800000 UG/KG NC 20000000 UG/KG NC 140000 UG/KG NC 2000000 UG/KG NC 320 UG/KG NC NC 320 UG/KG TACO - SO to GW Class I STYRENE 100-42-5 1500000 UG/KG NC 16000000 UG/KG NC 1500000 UG/KG NC 410000000 UG/KG NC 430000 UG/KG NC 41000000 UG/KG NC 4000 UG/KG NC NC 4000 UG/KG TACO - SO to GW Class I TETRACHLOROETHENE 127-18-4 11000 UG/KG NC 12000 UG/KG NC 20000 UG/KG NC 110000 UG/KG NC 28000 UG/KG NC 2400000 UG/KG NC 60 UG/KG NC NC 60 UG/KG TACO - SO to GW Class I TOLUENE 108-88-3 650000 UG/KG NC 16000000 UG/KG NC 650000 UG/KG NC 410000000 UG/KG NC 42000 UG/KG NC 410000000 UG/KG NC 12000 UG/KG NC NC 12000 UG/KG TACO - SO to GW Class I TRANS- 1,2-DICHLOROETHENE 156-60-5 3100000 UG/KG NC 1600000 UG/KG NC 3100000 UG/KG NC 41000000 UG/KG NC 3100000 UG/KG NC 41000000 UG/KG NC 700 UG/KG NC NC 700 UG/KG TACO - SO to GW Class I TRANS- 1,3-DICHLOROPROPENE 10061 - 02 - 6 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC TRICHLOROETHENE  79-01-6 5000 UG/KG NC 58000 UG/KG NC 8900 UG/KG NC 520000 UG/KG NC 12000 UG/KG NC 1200000 UG/KG NC 60 UG/KG NC NC 60 UG/KG TACO - SO to GW Class I TRICHLOROFLUOROMETHANE 75-69-4 NC NC NC NC NC NC NC NC NC 88000 UG/KG NC 140000000 UG/KG NC NC NC NC NC 1,1,2-TRICHLOROTRIFLUOROETHANE 76-13-1 NC 1000000 UG/KG NC 1000000000 UG/KG NC 1000000 UG/KG NC 1000000000 UG/KG NC 11000000 UG/KG NC 1000000 UG/KG NON-TACO Residential Ingestion VINYL CHLORIDE 75-01-4 280 UG/KG NC 460 UG/KG NC 1100 UG/KG NC 7900 UG/KG NC 1100 UG/KG NC 170000 UG/KG NC 10 UG/KG NC NC 10 UG/KG TACO - SO to GW Class I TOTAL XYLENES 	 1330-20-7 

PESTICIDES SW-846 METHODS 3510C/3520C/35508/8081A 
320000 UG/KG NC 16000000 UG/KG NC 320000 UG/KG NC 410000000 UG/KG NC 5600 NC 41000000 UG/KG NC 150000 UG/KG NC NC 5600 UG/KG TACO Const Worker 

4.4'-DDD  72-54-8 NC NC 3000 UG/KG NC NC NC 24000 UG/KG NC NC NC 520000 UG/KG NC 16000 UG/KG NC NC 3000 UG/KG TACO Residential Ingestion 4,4,DDE  72-55-9 NC NC 2000 UG/KG NC NC NC 17000 UG/KG NC NC NC 370000 UG/KG NC 54000 UG/KG NC NC 2000 UG/KG TACO Residential Ingestion 4.4,MT  50-29-3 NC NC 2000 UG/KG NC 1500000 UG/KG NC 17000 UG/KG NC 2100000 UG/KG NC 100000 UG/KG NC 32000 UG/KG NC NC 2000 UG/KG TACO Residential Ingestion Aldrin 
aloha-BHC faloha-HCH) 

309-00-2 
319-84-6 

3000 
eon 

UG/KG 
i Wm; 

NC 
Nr. 

40 
inn 

UG/KG 
iiriwr. 

NC 
mr 

6600 
1 ton 

UG/KG 
1 1 _iterz 

NC 
KIP 

300 UG/KG NC 9300 UG/KG NC 6100 UG/KG NC 500 UG/KG NC NC 40 UG/KG TACO Residential Ingestion 

                              

0.5 UG/KG 

  

TACO - SO to GW Class 
NC  
NC  
NC 

                                

alpha-Chlordane 

 

5103-71-9 

 

CHLORDANE 

 

NC 

 

USE CHLORDANE NC 

 

USE CHLORDANE 

 

NC 

 

USE CHLORDANE 

              

       

NC USE CHLORDANE NC 

 

USE CHLORDANE NC USE CHLORDANE NC 

 

NC 

 

NC 

   

beta-BHC 

                      

   

319-85-7 

 

NC 

 

NC 

                 

      

NC NC 

 

NC 

 

NC 

              

         

NC NC NC NC 

 

NC NC NC NC 

 

NC 

 

NC 

   

delta-BHC 

  

319-86-8 

 

NC 

                   

    

NC 

 

NC NC 

 

NC 

 

NC 

              

        

NC NC 

               

        

NC NC 

 

NC NC NC NC 

 

NC 

 

NC 

   

                       

                          

                              

                                   

                                   

                                   

Page 2 of 3 



TABLE F-1A 
REFERENCE DATA FOR PROJECT ACTION LIMITS- 

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

TACO Residential 
Inhalation (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Residential 
Ingestion (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Industrial 
Inhalation (2) 

NON-TACO 
Indus rial 

Inhalation (4) 

TACO Industrial 
Ingestion (2) 

NON-TACO 
Indust ial 

Ingestion(4) 

TACO - Construction 
Worker Soil Inhalation(2) 

NON-TACO- 
Construction Worker 

Soil inhalation(4) 

TACO - Construction 
Worker Soli 
ingestion(2) 

NON-TACO - Construction 
Worker Soil Ingestion(4) 

TACO-SO to GW 
Class I (1) 

NON-TACO - SO 
to GW Class I (3) 

TACO pH 
Specific 
Criteria 

Minimum IL 
Criteria MINIMUM IL BASIS 

Dieldrin 60-57-1 1000 UG/KG NC 40 UG/KG NC 2200 UG/KG NC 400 UG/KG NC 3100 UG/KG NC 7800 UG/KG NC 4 UG/KG NC NC 4 UG/KG TACO - SO to GW Class I 
Endosulfan 115-29-7 NC NC 470000 UG/KG NC NC NC 12000000 UG/KG NC NC NC 1200000 UG/KG NC 18000 UG/KG NC NC 18000 UG/KG TACO - SO to GW Class I 
Endosulfan I 959-98-8 I ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC NC NC NC 
Endosulfan II 33213-65-9 I ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC NC NC NC 
Endosulfan sulfate 1031-07-8 I ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC NC NC NC 
Endrin 72-20-8 NC 	I NC I 	23000 	I UG/KG NC I 	NC 	I NC I 	610000 	I UG/KG NC I 	NC 	I NC 61000 	I UG/KG NC I 	1000 	I UG/KG NC NC 1000 UG/KG TACO - SO to GW Class I 
Endrin aldehyde 7421-93-4 JSE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC NC NC NC 
Endrin ketone 53494-70-5 JSE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC NC NC NC 
gamma-BEIC (Lindane) 58-89-9 NC 	I NC I 	500 	I UG/KG NC I 	NC 	I NC I 	4000 	I UG/KG NC I 	NC 	I NC 96000 	I UG/KG NC I 	9 	I UG/KG NC NC 9 UG/KG TACO - SO to GW Class I 
gamma-Chlordane 5103-74-2 E CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC NC NC NC 
Heptachlor 76-44-8 100 UG/KG NC 100 UG/KG NC 11000 UG/KG NC 1000 UG/KG NC 16000 UG/KG NC 28000 UG/KG NC 23000 UG/KG NC NC 100 UG/KG TACO Residential Ingestion 
Heptachlor epoxide 1024-57-3 5000 UG/KG NC 70 UG/KG NC 3200 UG/KG NC 600 UG/KG NC 13000 UG/KG NC 2700 UG/KG NC 700 UG/KG NC NC 70 UG/KG TACO Residential Ingestion 
Methoxychlor 72-43-5 NC NC 390000 UG/KG NC NC NC 10000000 UG/KG NC NC NC 1000000 UG/KG NC 160000 UG/KG NC NC 160000 UG/KG NC 
Toxaphene 8001-35-2 89000 UG/KG NC 600 UG/KG NC 170000 UG/KG NC 5200 UG/KG NC 240000 UG/KG NC 110000 UG/KG NC 31000 UG/KG NC NC 600 UG/KG TACO Residential Ingestion 

NA = not available; no criteria is available for that parameter for that chemical 
1 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (Ingestion, Inhalation, or Soil Component of Groundwater Ingestion Route)(Online July, 2008). 
2 - Section 742 Table B, Tier 1 Soil Remediation Objectives for Industrial/Commercial Properties (Ingestion or Inhalation) (Online July, 2008). 
3 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals (May 1, 2007) 
4 - Soil Remediation Objectives for IndusrialiCommercial Properties, Non-TACO Chemicals (May 1, 2007) 
5 - Oak Ridge National Laboratory Regional Screening Level (ORNL, September 12, 2008) 

Definitions:  
C - Carcinogen 
s - Concentration may exceeed soil saturation concentration. 
DAF - Dilution Attneuation Factor 
TACO - Tiered Approach to Corrective Action Objectives 
N - Noncarcinogen 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO - Soil 
IL - Illinois 
SSL - Soil Screening Limits 

Page 3 of 3 



TABLE F-1B 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

USEPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
-------. - -- -- 

CORRECTED 
CAS 

USEPA ORNL 
Residential Soil (5) 

USEPA ORNL Risk 
Based SSLs (5) 

USEPA ORNL SSLs 
for Res'dential 
Inhalation (5) 

Criteria 
Minimum Federal 

MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

BIS(2-CHLOROETHYL)ETHER 111-44-4 210 UG/KG 0.031 UG/KG 240 UG/KG 0.031 UG/KG USEPA Risk Based SSLs 0.031 UG/KG USEPA Risk Based SSLs 
2-CHLOROPHENOL 95-57-8 390000 UG/KG 150 UG/KG NC 150 UG/KG USEPA Risk Based SSLs 150 UG/KG USEPA Risk Based SSLs 
PHENOL 108-95-2 18000000 UG/KG 6300 UG/KG NC 6300 UG/KG USEPA Risk Based SSLs 6300 UG/KG USEPA Risk Based SSLs 
HEXACHLOROETHANE 67-72-1 35000 UG/KG 2.9 UG/KG 54000 UG/KG 2.9 UG/KG USEPA Risk Based SSLs 2.9 UG/KG USEPA Risk Based SSLs 
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 69 UG/KG 0.0072 UG/KG NC 0.0072 UG/KG USEPA Risk Based SSLs 0.0072 UG/KG USEPA Risk Based SSLs 
NITROBENZENE 98-95-3 4800 UG/KG 0.079 UG/KG 90000 UG/KG 0.079 UG/KG USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSLs 
2-METHYLPHENOL 95-48-7 3100000 UG/KG 1500 UG/KG NC 1500 UG/KG USEPA Risk Based SSLs 1500 UG/KG USEPA Risk Based SSLs 
ISOPHORONE 78-59-1 510000 UG/KG 23 UG/KG NC 23 UG/KG USEPA Risk Based SSLs 23 UGNG USEPA Risk Based SSLs 
4-METHYLPHENOL 106-44-5 310000 UG/KG 150 UG/KG NC 150 UG/KG USEPA Risk Based SSLs 150 UG/KG USEPA Risk Based SSLs 
1,1-BIPHENYL 92-52-4 3900000 UG/KG 19000 UG/KG NC 19000 UG/KG USEPA Risk Based SSLs 19000 UG/KG USEPA Risk Based SSLs 
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 4600 UG/KG 0.12 UG/KG 6900 UG/KG 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
2,4,5-TRICHLOROPHENOL 95-95-4 6100000 UG/KG 14000 UG/KG NC 14000 UG/KG USEPA Risk Based SSLs 14000 UG/KG USEPA Risk Based SSLs 
2,4,6-TRICHLOROPHENOL 88-06-2 44000 UG/KG 23 UG/KG 200000 UG/KG 23 UG/KG USEPA Risk Based SSLs 23 UG/KG USEPA Risk Based SSLs 
2,4-DICHLOROPHENOL 120-83-2 180000 UG/KG 130 UG/KG NC 130 UG/KG USEPA Risk Based SSLs 130 UG/KG USEPA Risk Based SSLs 
2,4-DIMETHYLPHENOL 105-67-9 1200000 UG/KG 860 UG/KG NC 860 UG/KG USEPA Risk Based SSLs 860 UG/KG USEPA Risk Based SSLs 
2,4-DINITROPHENOL 51-28-5 120000 UG/KG 82 UG/KG NC 82 UG/KG USEPA Risk Based SSLs 82 UG/KG USEPA Risk Based SSLs 
2,4-DINITROTOLUENE 121-14-2 1600 UG/KG 0.29 UG/KG NC 0.29 UG/KG USEPA Risk Based SSLs 0.29 UG/KG USEPA Risk Based SSLs 
2,6-DINITROTOLUENE 606-20-2 61000 UG/KG 50 UG/KG NC 50 UG/KG USEPA Risk Based SSLs 0.7 UG/KG TACO - SO to GW Class I 
2-CHLORONAPHTHALENE 91-58-7 6300000 UG/KG 15000 UG/KG NC 15000 UG/KG USEPA Risk Based SSLs 15000 UG/KG USEPA Risk Based SSLs 
2-NITROANILINE 88-74-4 610000 UG/KG 150 UG/KG 1200 UG/KG 150 UG/KG USEPA Risk Based SSLs 140 UG/KG NON-TACO - SO to GW Class I 
2-NITROPHENOL 88-75-5 NC NC NC NC NC NC NC 
3,3'-DICHLOROBENZIDINE 91-94-1 1100 UG/KG 0.98 UG/KG NC 0.98 UG/KG USEPA Risk Based SSLs 0.98 UG/KG USEPA Risk Based SSLs 
3-NITROANILINE 99-09-2 NC NC 1.42E+09 UG/KG 1.42E+09 UG/KG USEPA SSLs for Residential Inhalation 10 UG/KG NON-TACO - SO to GW Class I 
4,6-DINITRO-2-METHYLPHENOL 534-52-1 6100 UG/KG 6.2 UG/KG NC 6.2 UG/KG USEPA Risk Based SSLs 3.1 UG/KG NON-TACO SO to GW Class I pH Spec 
4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC NC NC NC NC 
4-CHLORO-3-METHYLPHENOL 59-50-7 6100000 UG/KG 4300 UG/KG NC 4300 UG/KG USEPA Risk Based SSLs 4300 UG/KG USEPA Risk Based SSLs 
4-CHLOROANILINE 106-47-8 2400 UG/KG 0.14 UG/KG NC 0.14 UG/KG USEPA Risk Based SSLs 0.14 UG/KG USEPA Risk Based SSLs 
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC NC NC NC NC 
4-NITROANILINE 100-01-6 24000 UG/KG 1.4 UG/KG 5.67E+09 UG/KG 1.4 UG/KG USEPA Risk Based SSLs 1.4 UG/KG USEPA Risk Based SSLs 
4-NITROPHENOL 100-02-7 NC NC NC NC NC NC NC 
ACETOPHENONE 98-86-2 7800000 UG/KG 1100 UG/KG NC 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
ATRAZINE 1912-24-9 2100 UG/KG 0.19 UG/KG NC 0.19 UG/KG USEPA Risk Based SSLs 0.19 UG/KG USEPA Risk Based SSLs 
BENZALDEHYDE 100-52-7 7800000 UG/KG 810 UG/KG NC 810 UG/KG USEPA Risk Based SSLs 810 UG/KG USEPA Risk Based SSLs 
BIS(2-CHLOROETHOXY)METHANE 111-91-1 180000 UG/KG 25 UG/KG NC 25 UG/KG USEPA Risk Based SSLs 25 UG/KG USEPA Risk Based SSLs 
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 35000 UG/KG 1100 UG/KG NC 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
BUTYL BENZYL PHTHALATE 85-68-7 260000 UG/KG 510 UG/KG NC 510 UG/KG USEPA Risk Based SSLs 510 UG/KG USEPA Risk Based SSLs 
CAPROLACTAM .  105-60-2 31000000 UG/KG 4500 UG/KG NC 4500 UG/KG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSLs 
CARBAZOLE 86-74-8 NC NC NC NC NC 600 UG/KG TACO - SO to GW Class I 
DIBENZOFURAN 132-64-9 NC NC NC NC 82000 UG/KG NON-TACO Const Worker 
DIETHYL PHTHALATE 84-66-2 49000000 UG/KG 12000 UG/KG NC 12000 UG/KG USEPA Risk Based SSLs 12000 UG/KG USEPA Risk Based SSLs 
DIMETHYL PHTHALATE 131-11-3 NC NC NC NC NC NC NC 
DI-N-BUTYL PHTHALATE 84-74-2 6100000 UG/KG 9200 UG/KG NC 9200 UG/KG USEPA Risk Based SSLs 9200 UG/KG USEPA Risk Based SSLs 
DI-N-OCTYL PHTHALATE 117-84-0 NC NC NC NC NC 1600000 UG/KG TACO Residential Ingestion 
HEXACHLOROBENZENE 118-74-1 300 UG/KG 0.53 UG/KG 950 UG/KG 0.53 UG/KG USEPA Risk Based SSLs 0.53 UG/KG USEPA Risk Based SSLs 
HEXACHLOROBUTADIENE 87-68-3 6200 UG/KG 1.7 UG/KG 7800 UG/KG 1.7 UG/KG USEPA Risk Based SSLs 1.7 UG/KG USEPA Risk Based SSLs 
HEXACHLOROCYCLOPENTADIENE 77-47-4 370000 UG/KG 160 UG/KG 29000 UG/KG 160 UG/KG USEPA MCL. Based SSLs 160 UG/KG USEPA MCL Based SSLs 
N-NITROSODIPHENYLAMINE 86-30-6 99000 UG/KG 75 UG/KG NC 75 UG/KG USEPA Risk Based SSLs 75 UG/KG USEPA Risk Based SSLs 
PENTACHLOROPHENOL 87-86-5 3000 UG/KG 5.7 UG/KG NC 5.7 UG/KG USEPA Risk Based SSLs 5.7 UG/KG USEPA Risk Based SSLs 
POLYNUCLEAR AROMATIC HYDROCARBONS 
ACENAPHTHENE 83-32-9 3400000 UG/KG 22000 UG/KG NC 22000 UG/KG USEPA Risk Based SSLs 22000 	UG/KG USEPA Risk Based SSLs 
ACENAPHTHYLENE 208-96-8 NC NC NC NC 85000 	UG/KG NON-TACO - SO to GW Class I 
ANTHRACENE 120-12-7 17000000 UG/KG 360000 UG/KG NC 360000 UG/KG USEPA Risk Based SSLs 360000 	UG/KG USEPA Risk Based SSLs 
BENZO(A)ANTHRACENE 56-55-3 150 UG/KG 10 UG/KG NC 10 UG/KG USEPA Risk Based SSLs 10 	UG/KG USEPA Risk Based SSLs 
BENZO(A)PYRENE 50-32-8 15 UG/KG 3.5 UG/KG NC 3.5 UG/KG USEPA Risk Based SSLs 3.5 	UG/KG USEPA Risk Based SSLs 
BENZO(B)FLUORANTHENE 205-99-2 150 UG/KG 35 UG/KG NC 35 UG/KG USEPA Risk Based SSLs 35 	UG/KG USEPA Risk Based SSLs 
BENZO(G,H,I)PERYLENE 191-24-2 NC NC UG/KG NC NC 2300000 	UG/KG NON-TACO Residential Ingestion 
BENZO(K)FLUORANTHENE 207-08-9 1500 UG/KG 350 UG/KG NC 350 UG/KG USEPA Risk Based SSLs 350 	UG/KG USEPA Risk Based SSLs 
CHRYSENE 218-01-9 15000 UG/KG 1100 UG/KG NC 1100 UG/KG USEPA Risk Based SSLs 1100 	UG/KG USEPA Risk Based SSLs 
DIBENZO(A,H)ANTHRACENE 53-70-3 15 UG/KG 11 UG/KG NC 11 UG/KG USEPA Risk Based SSLs UG/KG USEPA Risk Based SSLs 
FLUORANTHENE 206-44-0 2300000 UG/KG 160000 UG/KG NC 160000 UG/KG USEPA Risk Based SSLs 160000 	UG/KG USEPA Risk Based SSLs 
FLUORENE 86-73-7 2300000 UG/KG 27000 UG/KG NC 27000 UG/KG USEPA Risk Based SSLs 27000 	UG/KG USEPA Risk Based SSLs 
2-METHYLNAPHTHALENE 91-57-6 310000 UG/KG 750 UG/KG NC 750 UG/KG USEPA Risk Based SSLs 750 	UG/KG USEPA Risk Based SSLs 
INDENO(1,2,3-CD)PYRENE 193-39-5 150 UG/KG 120 UG/KG NC 120 UG/KG USEPA Risk Based SSLs 120 	UG/KG USEPA Risk Based SSLs 
NAPHTHALENE 91-20-3 3600 UG/KG 0.47 UG/KG 170000 UG/KG 0.47 UG/KG USEPA Risk Based SSLs 0.47 	UG/KG USEPA Risk Based SSLs 
PHENANTHRENE 85-01-8 NC NC NC NC 200000 	UG/KG NON-TACO - SO to GW Class I 
PYRENE 129-00-0 1700000 UG/KG 120000 UG/KG NC 120000 UG/KG USEPA Risk Based SSLs 120000 	UG/KG USEPA Risk Based SSLs 
PCBs 
AROCLOR-1016 12674-11-2 3900 UG/KG 92 UG/KG NC 92 UG/KG USEPA Risk Based SSLs 92 UG/KG USEPA Risk Based SSLs 
AROCLOR-1221 11104-28-2 140 UG/KG 0.12 UG/KG NC 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
AROCLOR-1232 11141-16-5 140 UG/KG 0.12 UG/KG - NC 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
AROCLOR-1242 53469-21-9 220 UG/KG 5.3 UG/KG NC 5.3 UG/KG USEPA Risk Based SSLs 5.3 UG/KG USEPA Risk Based SSLs 
AROCLOR-1248 12672-29-6 220 UG/KG 5.2 UG/KG NC 5.2 UG/KG USEPA Risk Based SSLs 5.2 UG/KG USEPA Risk Based SSLs 
AROCLOR-1254 11097-69-1 220 UG/KG 8.8 UG/KG NC 8.8 UG/KG USEPA Risk Based SSLs 8.8 UG/KG USEPA Risk Based SSLs 
AROCLOR-1260 11096-82-5 220 UG/KG 24 UG/KG NC 24 UG/KG USEPA Risk Based SSLs 24 UG/KG USEPA Risk Based SSLs 
TOTAL AROCLOR 
...- ...- 

1336-36-3 220 UG/KG NC NC 220 UG/KG USEPA Residential Soil 220 UG/KG USEPA Residential Soil 

ALUMINUM 7429 -90 - 5 77000 MG/KG 55000 MG/KG 7090000 MG/KG 55000 MG/KG USEPA Risk Based SSLs 55000 MG/KG USEPA Risk Based SSLs 
ANTIMONY 7440-36-0 31 MG/KG 0.66 MG/KG NC 0.66 MG/KG USEPA Risk Based SSLs 0.66 MG/KG USEPA Risk Based SSLs 
ARSENIC 7440-38-2 0.39 MG/KG 0.0013 MG/KG 769 MG/KG 0.0013 MG/KG USEPA Risk Based SSLs 0.0013 MG/KG USEPA Risk Based SSLs 
BARIUM 7440- 39 - 3 15000 MG/KG 300 MG/KG 709000 MG/KG 300 MG/KG USEPA Risk Based SSLs 300 MG/KG USEPA Risk Based SSLs 
BERYLLIUM 7440-41-7 160 MG/KG 58 MG/KG 1380 MG/KG 58 MG/KG USEPA Risk Based SSLs 58 MG/KG USEPA Risk Based SSLs 
CADMIUM 7440-43-9 70 MG/KG 1.4 MG/KG 1840 MG/KG 1.4 MG/KG USEPA Risk Based SSLs 1.4 MG/KG USEPA Risk Based SSLs 
CALCIUM 7440-70-2 NC NC NC 0 MG/KG NC 0 MG/KG NC 
CHROMIUM 7440-47-3 NC NC 276 MG/KG 276 MG/KG USEPA SSLs for Residential Inhalation 230 MG/KG TACO Residential Ingestion 
COBALT 7440-48-4 23 MG/KG 0.49 MG/KG 1180 MG/KG 0.49 MG/KG USEPA Risk Based SSLs 0.49 MG/KG USEPA Risk Based SSLs 
COPPER 7440-50-8 3100 MG/KG 51 MG/KG NC 51 MG/KG USEPA Risk Based SSLs 51 MG/KG USEPA Risk Based SSLs 
IRON 7439-89-6 55000 MG/KG 640 MG/KG NC 640 MG/KG USEPA Risk Based SSLs 640 MG/KG USEPA Risk Based SSLs 
LEAD 7439-92-1 400 MG/KG NC NC 400 MG/KG USEPA Residential Soil 107 MG/KG TACO pH Specilic Criteria 
MAGNESIUM 7439-95-4 NC NC NC 0 MG/KG NC 0 MG/KG NC 
MANGANESE 7439 -96- 5 1800 MG/KG 57 MG/KG 70900 MG/KG 57 MG/KG USEPA Risk Based SSLs 57 MG/KG USEPA Risk Based SSLs 
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TABLE F-1B 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

USEPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

USEPA ORNL 
Residential Soil (5) 

USEPA ORNL Risk 
Based SSLs (5) 

USEPA ORNL SSLs 
for Res'clential 
Inhalation (5) 

Minimum Federal 
Criteria 

MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

MERCURY 7439-97-6 5.6 MG/KG 0.03 MG/KG 2.9 MG/KG 0.03 MG/KG USEPA Risk Based SSL5 0.03 MG/KG USEPA Risk Based SSLs 
NICKEL 7440-02-0 1500 MG/KG 48 MG/KG NC 48 MG/KG USEPA Risk Based SSLs 48 MG/KG USEPA Risk Based SSLs 
POTASSIUM 7440-09-7 NC NC NC 0 MG/KG NC 0 MG/KG NC 
SELENIUM 7782-49-2 390 MG/KG 0.95 MG/KG NC 0.95 MG/KG USEPA Risk Based SSLs 0.95 MG/KG USEPA Risk Based SSL5 
SILVER 7440-22-4 390 MG/KG 1.6 MG/KG NC 1.6 MG/KG USEPA Risk Based SSLs 1.6 MG/KG USEPA Risk Based SSLs 
SODIUM 7440-23-5 NC NC NC 0 MG/KG NC 0 MG/KG NC 
THALLIUM 7440-28-0 NC NC NC 0 MG/KG NC 0 MG/KG NC 
VANADIUM 7440-62-2 390 MG/KG 180 MG/KG NC 180 MG/KG USEPA Risk Based SSLs 180 MG/KG USEPA Risk Based SSLs 
ZINC 7440-66-6 23000 MG/KG 680 MG/KG NC 680 MG/KG USEPA Risk Based SSLs 680 MG/KG USEPA Risk Based SSLs 
TCLP-INORGANICS 
ALUMINUM 7429-90-S NC NC NC NC NC 3.5 MG/L NON-TACO - SO to GW Class I 
ANTIMONY 7440-36-0 NC NC NC NC NC 0.006 MG/L TACO - SO to GW Class I 
ARSENIC 7440-38-2 NC NC NC NC NC 0.05 MG/L TACO - SO to GW Class I 
BARIUM 7440-39-3 NC NC NC NC NC 2 MG/L TACO - SO to GW Class I 
BERYLLIUM 7440-41-7 NC NC NC NC NC 0.004 MG/L TACO - SO to GW Class I 
CADMIUM 7440-43-9 NC NC NC NC NC 0.005 MG/L TACO - SO to OW Class I 
CALCIUM 7440-70-2 NC NC NC NC NC NC NC 
CHROMIUM 7440-47-3 NC NC NC NC NC 0.1 MG/L TACO - SO to GW Class I 
COBALT 7440-48-4 NC NC NC NC NC 1 MG/L TACO - SO to GW Class I 
COPPER 7440-50-8 NC NC NC NC NC 0.65 MG/L TACO - SO to GW Class I 
IRON 7439-89-6 NC NC NC NC NC 5 MG/L TACO - SO to GW Class I 
LEAD 7439-92-1 NC NC NC NC NC 0.0075 MG/L TACO - SO to GW Class I 
MAGNESIUM 7439-95-4 NC NC NC NC NC NC NC 
MANGANESE 7439-96-5 NC NC NC NC NC 0.15 MG/L TACO - SO to GW Class I 
MERCURY 7439-97-6 NC NC NC NC NC 0.002 MG/L TACO - SO to GW Class I 
NICKEL 7440-02-0 NC NC NC NC NC 0.1 MG/L TACO - SO to GW Class I 
POTASSIUM 7440-09-7 NC NC NC NC NC NC NC 
SELENIUM 7782-49-2 NC NC NC NC NC 0.05 MG/L TACO - SO to GW Class I 
SILVER 7440-22-4 NC NC NC NC NC 0.05 MG/L TACO - SO to GW Class I 
SODIUM 7440-23-5 NC NC NC NC NC NC NC 
THALLIUM 7440-28-0 NC NC NC NC NC 0.002 MG/L TACO - SO to GW Class I 
VANADIUM 7440-62-2 NC NC NC NC NC 0.049 MG/L TACO - SO to GW Class I 
ZINC 7440-66-6 NC NC NC NC NC 5 MG/L TACO - SO to GW Class I 

1,1,1-TRICHLOROETHANE 71-55-6 8700000 UG/KG 3200 UG/KG 1200000 UG/KG 3200 UG/KG USEPA Risk Based SSLs 2000 UG/KG TACO - SO to GW Class I 
1,1,2,2-TETRACHLOROETHANE 79-34-5 560 UG/KG 0.026 UG/KG 580 UG/KG 0.026 UG/KG USEPA Risk Based SSLs 0.026 UG/KG USEPA Risk Based SSL5 
1,1,2-TRICHLOROETHANE 79-00-S 1100 UG/KG 0.078 UG/KG 970 UG/KG 0.078 UG/KG USEPA Risk Based SSL5 0.078 UG/KG USEPA Risk Based SSLs 
1,1-DICHLOROETHANE 75-34-3 3300 UG/KG 0.69 UG/KG 1200000 UG/KG 0.69 UG/KG USEPA Risk Based SSLs 0.69 UG/KG USEPA Risk Based SSLs 
1,1-DICHLOROETHENE 75-35-4 240000 UG/KG 120 UG/KG 290000 UG/KG 120 UG/KG USEPA Risk Based SSLs 60 UG/KG TACO - SO to GW Class I 
1,2,4-TRICHLOROBENZENE 120-82-1 22000 UG/KG 6.8 UG/KG 180000 UG/KG 6.8 UG/KG USEPA Risk Based SSL5 6.8 UG/KG USEPA Risk Based SSLs 
1,2-DIBROMOETHANE 106-93-4 34 UG/KG 0.0018 UG/KG 0.1 UG/KG 0.0018 UG/KG USEPA Risk Based SSLs 0.0018 UG/KG USEPA Risk Based SSLs 
1,2-DICHLOROBENZENE 95-50-1 1900000 UG/KG 360 UG/KG 600000 UG/KG 360 UG/KG USEPA Risk Based SSLs 360 UG/KG USEPA Risk Based SSLs 
1,2-DICHLOROETHANE 107-06-2 430 UG/KG 0.042 UG/KG 360 UG/KG 0.042 UG/KG USEPA Risk Based SSL5 0.042 UG/KG USEPA Risk Based SSLs 
1,2-DICHLOROPROPANE 78-87-5 890 UG/KG 0.13 UG/KG 15000 UG/KG 0.13 UG/KG USEPA Risk Based SSLs 0.13 UG/KG USEPA Risk Based SSLs 
1,3-DICHLOROBENZENE 541-73-1 NC NC NC NC NC NC NC 
1,4-DICHLOROBENZENE 106-46-7 2400 UG/KG 0.41 UG/KG 11000000 UG/KG 0.41 UG/KG USEPA Risk Based SSL5 0.41 UG/KG USEPA Risk Based SSL5 
2-BUTANONE 78-93-3 28000000 UG/KG 1500 UG/KG 24000000 UG/KG 1500 UG/KG USEPA Risk Based SSL5 1500 UG/KG USEPA Risk Based SSLs 
2-HEXANONE 591-78-6 210000 UG/KG 11 UG/KG NC 11 UG/KG USEPA Risk Based SSLs 11 UG/KG USEPA Risk Based SSLs 
4-METHYL-2-PENTANONE 108-10-1 5300000 UG/KG 450 UG/KG 2700000 UG/KG 450 UG/KG USEPA Risk Based SSL5 450 UG/KG USEPA Risk Based SSLs 
ACETONE 67-64-1 61000000 UG/KG 4500 UG/KG NC 4500 UG/KG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSLs 
BENZENE 71-43-2 1100 UG/KG 0.21 UG/KG 830 UG/KG 0.21 UG/KG USEPA Risk Based SSLs 0.21 UG/KG USEPA Risk Based SSL5 
BROMODICHLOROMETHANE 75-27-4 270 UG/KG 0.032 UG/KG NC 0.032 UG/KG USEPA Risk Based SSL5 0.032 UG/KG USEPA Risk Based SSLs 
BROMOFORM 75-25-2 61000 UG/KG 2.3 UG/KG 52000 UG/KG 2.3 UG/KG USEPA Risk Based SSLs 2.3 UG/KG USEPA Risk Based SSLs 
BROMOMETHANE 74-83-9 7300 UG/KG 2.2 UG/KG 9400 UG/KG 2.2 UG/KG USEPA Risk Based SSLs 2.2 UG/KG USEPA Risk Based SSL5 
CARBON DISULFIDE 75-15-0 820000 UG/KG 310 UG/KG 720000 UG/KG 310 UG/KG USEPA Risk Based SSLs 310 UG/KG USEPA Risk Based SSLs 
CARBON TETRACHLORIDE 56-23-5 250 UG/KG 0.077 UG/KG 330 UG/KG 0.077 UG/KG USEPA Risk Based SSLs 0.077 UG/KG USEPA Risk Based SSL5 
CHLOROBENZENE 108-90-7 290000 UG/KG 62 UG/KG 130000 UG/KG 62 UG/KG USEPA Risk Based SSLs 62 UG/KG USEPA Risk Based SSLs 
CHLOROETHANE 75-00-3 15000000 UG/KG 5900 UG/KG 1200000 UG/KG 5900 UG/KG USEPA Risk Based SSL5 5900 UG/KG USEPA Risk Based SSLs 
CHLOROFORM 67-66-3 290 UG/KG 0.053 UG/KG 280 UG/KG 0.053 UG/KG USEPA Risk Based SSLs 0.053 UG/KG USEPA Risk Based SSL5 
CHLOROMETHANE 74-87-3 120000 UG/KG 49 UG/KG 2100 UG/KG 49 UG/KG USEPA Risk Based SSL5 49 UG/KG USEPA Risk Based SSLs 
1,2-DIBROMO-3-CHLOROPROPANE 96-12-8 5.4 UG/KG 0.00014 UG/KG 23000 UG/KG 0.00014 UG/KG USEPA Risk Based SSLs 0.00014 UG/KG USEPA Risk Based SSL5 
CIS- 1,2-DICHLOROETHENE 156-59-2 780000 UG/KG 110 UG/KG NC 110 UG/KG USEPA Risk Based SSLs 110 UG/KG USEPA Risk Based SSLs 
CIS-1,3-DICHLOROPROPENE 10061-01-5 1700 UG/KG 0.15 UG/KG 1100 UG/KG 0.15 UG/KG USEPA Risk Based SSLs 0.15 UG/KG USEPA Risk Based SSLs 
CYCLOHEXANE 110-82-7 7000000 UG/KG 13000 UG/KG 8.51E+12 UG/KG 13000 UG/KG USEPA Risk Based SSLs 13000 UG/KG USEPA Risk Based SSLs 
CHLORODIBROMOMETHANE 124-48-1 680 UG/KG 0.039 UG/KG NC 0.039 UG/KG USEPA Risk Based SSLs 0.039 UG/KG USEPA Risk Based SSLs 
DICHLORODIFLUOROMETHANE 75-71-8 180000 UG/KG 610 UG/KG 250000 UG/KG 610 UG/KG USEPA Risk Based SSLs 610 UG/KG USEPA Risk Based SSL5 
ETHYLBENZENE 100-41-4 5400 UG/KG 1.7 UG/KG 400000 UG/KG 1.7 UG/KG USEPA Risk Based SSLs 1.7 UG/KG USEPA Risk Based SSLs 
ISOPROPYLBENZENE 98-82-8 2100000 UG/KG 1100 UG/KG 850000 UG/KG 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSL5 
METHYL ACETATE 79-20-9 78000000 UG/KG 7500 UG/KG NC 7500 UG/KG USEPA Risk Based SSL5 7500 UG/KG USEPA Risk Based SSLs 
METHYL CYCLOHEXANE 108-87-2 NC NC 490000 UG/KG 490000 UG/KG USEPA SSLs for Residential Inhalation 46000 UG/KG NON-TACO Const Worker 
METHYLENE CHLORIDE 75-09-2 11000 UG/KG 1.2 UG/KG 13000 UG/KG 1.2 UG/KG USEPA Risk Based SSLs 1.2 UG/KG USEPA Risk Based SSL5 
METHYL TERT-BUTYL ETHER 1634-04-4 43000 UG/KG 2.8 UG/KG 8700000 UG/KG 2.8 UG/KG USEPA Risk Based SSL5 2.8 UG/KG USEPA Risk Based SSLs 
STYRENE 100-42-5 6300000 UG/KG 1800 UG/KG 1500000 UG/KG 1800 UG/KG USEPA Risk Based SSLs 1800 UG/KG USEPA Risk Based SSLs 
TETRACHLOROETHENE 127-18-4 550 UG/KG 0.049 UG/KG 10000 UG/KG 0.049 UG/KG USEPA Risk Based SSL5 0.049 UG/KG USEPA Risk Based SSLs 
TOLUENE 108-88-3 5000000 UG/KG 1600 UG/KG 650000 UG/KG 1600 UG/KG USEPA Risk Based SSLs 1600 UG/KG USEPA Risk Based SSLs 
TRANS-1,2-DICHLOROETHENE 156-60-5 150000 UG/KG 31 UG/KG NC 31 UG/KG USEPA Risk Based SSLs 31 UG/KG USEPA Risk Based SSLs 
TRANS-1,3-DICHLOROPROPENE 10061-02-6 1700 UG/KG NC 1100 UG/KG 1100 UG/KG USEPA SSLs for Residential Inhalation 1100 UG/KG USEPA SSLs for Residential Inhalation 
TRICHLOROETHENE 79-01-6 2800 UG/KG 0.72 UG/KG 71 UG/KG 0.72 UG/KG USEPA Risk Based SSLs 0.72 UG/KG USEPA Risk Based SSLs 
TRICHLOROFLUOROMETHANE 75-69-4 790000 UG/KG 830 UG/KG 1100000 UG/KG 830 UG/KG USEPA Risk Based SSLs 830 UG/KG USEPA Risk Based SSL5 
1,1,2-TRICHLOROTRIFLUOROETHANE 76-13-1 43000000 UG/KG 150000 UG/KG 930000 UG/KG 150000 UG/KG USEPA Risk Based SSLs 150000 UG/KG USEPA Risk Based SSLs 
VINYL CHLORIDE 75-01-4 60 UG/KG 0.0056 UG/KG 280 UG/KG 0.0056 UG/KG USEPA Risk Based SSLs 0.0056 UG/KG USEPA Risk Based SSL5 
TOTAL XYLENES 1330-20-7 630000 UG/KG 200 UG/KG 700000 UG/KG 200 UG/KG USEPA Risk Based SSLs 200 UG/KG USEPA Risk Based SSLs 

4,4,DDD 72-54-8 2000 UG/KG 86 UG/KG NC 86 UG/KG USEPA Risk Based SSLs 
4,4'-DDE 72-55-9 1400 UG/KG 60 UG/KG NC 60 UG/KG USEPA Risk Based SSLs 

50-29-3 1700 UG/KG 87 UG/KG NC 87 UG/KG USEPA Risk Based SSL5 
Aldrin 309-00-2 29 UG/KG 0.84 UG/KG NC 0.84 UG/KG USEPA Risk Based SSLs 
alpha-BHC (alpha-HCH) 319-84-6 77 UG/KG 0.074 UG/KG NC 0.074 UG/KG USEPA Risk Based SSLs 
alpha-Chlordane 5103-71-9 NC NC NC NC NC 
beta-BHC 319-85-7 270 UG/KG 0.26 UG/KG NC 0.26 UG/KG USEPA Risk Based SSLs 
delta-BHC 319-86-8 NC NC NC NC NC 

86 UG/KG USEPA Risk Based SSLs 
60 UG/KG USEPA Risk Based SSLs 
87 UG/KG USEPA Risk Based SSLs 

0.84 UG/KG USEPA Risk Based SSLs 
0.074 UG/KG USEPA Risk Based SSLs 
NC NC 
0.26 UG/KG USEPA Risk Based SSLs 
NC NC 
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TABLE F-1B 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

USEPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

USEPA ORNL 
Residential Soil (5) 

USEPA ORNL Risk 
Based SSLs (5) 

USEPA ORNL SSLs 
for Residential 
Inhalation (5) 

Minimum Federal 
Criteria 

 
MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

Dieldrin 60-57-1 30 UG/KG 0.09 UG/KG NC 0.09 UG/KG USEPA Risk Based SSLs 0.09 UG/KG USEPA Risk Based SSLs 
Endosulfan 115-29-7 370000 UG/KG 9700 UG/KG NC 9700 UG/KG USEPA Risk Based SSLs 9700 UG/KG USEPA Risk Based SSLs 
Endosulfan I 959-98-8 NC NC NC NC NC NC NC 
Endosulfan II 33213-65-9 NC NC NC NC NC NC NC 
Endosulfan sulfate 1031-07-8 NC NC NC NC NC NC NC 
Endrin 72-20-8 18000 UG/KG 230 UG/KG NC 230 UG/KG USEPA Risk Based SSLs 230 UG/KG USEPA Risk Based SSLs 
Endrin aldehyde 7421-93-4 NC NC NC NC NC NC NC 
Endrin ketone 53494-70-5 NC NC NC NC NC NC NC 
gamma-BHC (Lindane) 58-89-9 520 UG/KG 0.43 UG/KG NC 0.43 UG/KG _ 	USEPA Risk Based SSLs 0.43 UG/KG USEPA Risk Based SSLs 
gamma-Chlordane 5103-74-2 NC NC NC NC NC NC NC 
Heptachlor 76-44-8 110 UG/KG 1.6 UG/KG NC 1.6 UG/KG USEPA Risk Based SSLs 1.6 UG/KG USEPA Risk Based SSLs 
Heptachlor epoxide 1024-57-3 53 UG/KG - 0.079 UG/KG NC 0.079 UG/KG USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSL5 
Methoxychlor 72-43-5 310000 UG/KG 3400 UG/KG NC 3400 UG/KG USEPA Risk Based SSLs 3400 UG/KG USEPA Risk Based SSLs 
Toxaphene 8001-35-2 440 UG/KG 12 UG/KG NC 12 UG/KG USEPA Risk Based SSLs 12 UG/KG USEPA Risk Based SSL5 

NA = not available; no criteria is available for that parameter for that chemical 
1 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (Ingestion, Inhalation, or Soil Component of Groundwater Ingestion Route)(Online July, 2008). 
2 - Section 742 Table B, Tier 1 Soil Remediation Objectives for Industrial/Commercial Properties (Ingestion or Inhalation) (Online July, 2008). 
3 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals (May 1, 2007) 
4 - Soil Remediation Objectives for IndusriaVCommercial Properties, Non-TACO Chemicals (May 1, 2007) 
5 - Oak Ridge National Laboratory Regional Screening Level (ORNL, September 12, 2008) 

Definitions:  
C - Carcinogen 
s - Concentration may exceeed soil saturation concentration. 
DAF - Dilution Attneuation Factor 
TACO - Tiered Approach to Corrective Action Objectives 
N - Noncarcinogen 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO - Soil 
IL - Illinois 
SSL - Soil Screening Limits 
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TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES. ILLINOIS 

CORRECTED PARAMETER 
--......-. ....... -- 

CORRECTED 
CAS 

Minimum IL 
Criteria MINIMUM IL BASIS Minimum Federal 

Criteria MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

BIS(2-CHLOROETHYL)ETHER 111-44-4 0.4 UG/KG TACO - SO to GW Class I 0.031 UG/KG USEPA Risk Based SSLs 0.031 UG/KG USEPA Risk Based SSLs 
2-CHLOROPHENOL 95-57-8 3600 UG/KG TACO pH Specific Criteria 150 UG/KG USEPA Risk Based SSLs 150 UG/KG USEPA Risk Based SSLs 
PHENOL 108-95-2 100000 UG/KG TACO - SO to GW Class I 6300 UG/KG USEPA Risk Based SSLs 6300 UG/KG USEPA Risk Based SSLs 
HEXACHLOROETHANE 67-72-1 500 UG/KG TACO - SO to GW Class I 2.9 UG/KG USEPA Risk Based SSLs 2.9 UG/KG USEPA Risk Based SSLs 
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 0.05 UG/KG TACO - SO to GW Class I 0.0072 UG/KG USEPA Risk Based SSLs 0.0072 UG/KG USEPA Risk Based SSLs 
NITROBENZENE 98-95-3 100 UG/KG TACO - SO to GW Class I 0.079 UG/KG USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSLs 
2-METHYLPH ENOL 95-48-7 15000 UG/KG TACO - SO to GW Class I 1500 UG/KG USEPA Risk Based SSLs 1500 UG/KG USEPA Risk Based SSLs 
ISOPHORONE 78-59-1 8000 UG/KG TACO - SO to GW Class I 23 UG/KG USEPA Risk Based SSLs 23 UG/KG USEPA Risk Based SSLs 
4-METHYLPHENOL 106-44-5 200 UG/KG NON-TACO - SO to GW Class I 150 UG/KG USEPA Risk Based SSLs 150 UG/KG USEPA Risk Based SSLs 
1,1-BIPHENYL 92-52-4 150000 UG/KG NON-TACO - SO to GW Class I 19000 UG/KG USEPA Risk Based SSLs 19000 UG/KG USEPA Risk Based SSLs 
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 2400 UG/KG NON-TACO - SO to GW Class I 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
2,4,5-TRICHLOROPHENOL 95-95-4 130000 UG/KG TACO pH Specific Criteria 14000 UG/KG USEPA Risk Based SSLs 14000 UG/KG USEPA Risk Based SSLs 
2,4,6-TRICHLOROPHENOL 88-06-2 90 UG/KG TACO pH Specific Criteria 23 UG/KG USEPA Risk Based SSLs 23 UG/KG USEPA Risk Based SSLs 
2,4-DICHLOROPHENOL 120-83-2 860 UG/KG TACO pH Specific Criteria 130 UG/KG USEPA Risk Based SSLs 130 UG/KG USEPA Risk Based SSLs 
2,4-DIMETHYLPHENOL 105-67-9 9000 UG/KG TACO - SO to GW Class I 860 UG/KG USEPA Risk Based SSLs 860 UG/KG USEPA Risk Based SSLs 
2,4-DINITROPHENOL 51-28-5 200 UG/KG TACO - SO to GW Class I 82 UG/KG USEPA Risk Based SSLs 82 UG/KG USEPA Risk Based SSLs 
2,4-DINITROTOLUENE 121-14-2 0.8 UG/KG TACO - SO to GW Class I 0.29 UG/KG USEPA Risk Based SSLs 0.29 UG/KG USEPA Risk Based SSLs 
2,6-DINITROTOLUENE 606-20-2 0.7 UG/KG TACO - SO to GW Class I 50 UG/KG USEPA Risk Based SSLs 0.7 UG/KG TACO - SO to GW Class I 
2-CHLORONAPHTHALENE 91-58-7 49000 UG/KG NON-TACO - SO to GW Class I 15000 UG/KG USEPA Risk Based SSLs 15000 UG/KG USEPA Risk Based SSLs 
2-NITROANILINE 88-74-4 140 UG/KG NON-TACO - SO to GW Class I 150 UG/KG USEPA Risk Based SSLs 140 UG/KG NON-TACO - SO to GW Class I 
2-NITROPHENOL 88-75-5 NC NC NC NC NC NC 
3,3'-DICHLOROBENZIDINE 91-94-1 7 UG/KG TACO - SO to GW Class I 0.98 UG/KG USEPA Risk Based SSLs 0.98 UG/KG USEPA Risk Based SSLs 
3-NITROANILINE 99-09-2 10 UG/KG NON-TACO - SO to GW Class I 1420000000 UG/KG 'EPA SSLs for Residential Inhalation 10 UG/KG NON-TACO - SO to GW Class I 
4,6-DINITRO-2-METHYLPHENOL 534-52-1 3.1 UG/KG NON-TACO SO to GW Class I pH Spec 6.2 UG/KG USEPA Risk Based SSLs 3.1 UG/KG NON-TACO SO to GW Class I pH Spec 
4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC NC NC NC 
4-CH LOR0-3-METHYLPH ENOL 59-50-7 NC NC 4300 UG/KG USEPA Risk Based SSLs 4300 UG/KG USEPA Risk Based SSLs 
4-CHLOROANILINE 106-47-8 700 UG/KG TACO - SO to GW Class I 0.14 UG/KG USEPA Risk Based SSLs 0.14 UG/KG USEPA Risk Based SSLs 
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC NC NC NC 
4-NITROANILINE 100-01-6 100 UG/KG NON-TACO - SO to GW Class I 1.4 UG/KG USEPA Risk Based SSLs 1.4 UG/KG USEPA Risk Based SSLs 
4-NITROPHENOL 100-02-7 NC NC NC NC NC NC 
ACETOPHENONE 98-86-2 N0 NC 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
ATRAZINE 1912-24-9 66 UG/KG TACO - SO to GW Class I 0.19 UG/KG USEPA Risk Based SSLs 0.19 UG/KG USEPA Risk Based SSLs 
BENZALDEHYDE 100-52-7 3300 UG/KG NON-TACO - SO to GW Class I 810 UG/KG USEPA Risk Based SSLs 810 UG/KG USEPA Risk Based SSLs 
BIS(2-CHLOROETHOXY)METHANE 111-91-1 NC NC 25 UG/KG USEPA Risk Based SSLs 25 UG/KG USEPA Risk Based SSLs 
BIS(2-ETHYLHEXYL)PHTHA LATE 117-81-7 46000 UG/KG TACO Residential Ingestion 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
BUTYL BENZYL PHTHALATE 85-68-7 930000 UG/KG TACO Residential Ingestion 510 UG/KG USEPA Risk Based SSLs 510 UG/KG USEPA Risk Based SSLs 
CAPROLACTAM 105-60-2 14000 UG/KG NON-TACO - SO to GW Class I 4500 UG/KG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSLs 
CARBAZOLE 86-74-8 600 UG/KG TACO - SO to GW Class I NC NC 600 UG/KG TACO - SO to GW Class I 
DIBENZOFURAN 132-64-9 820000 UG/KG NON-TACO Const Worker NC 82000 UG/KG NON-TACO Const Worker 
DIETHYL PHTHALATE 84-66-2 470000 UG/KG TACO - SO to GW Class I 12000 UG/KG USEPA Risk Based SSLs 12000 UG/KG USEPA Risk Based SSLs 
DIMETHYL PHTHALATE 131-11-3 NC NC NC NC NC NC 
DI-N-BUTYL PHTHALATE 84-74-2 2300000 UG/KG TACO Residential Ingestion 9200 UG/KG USEPA Risk Based SSLs 9200 UG/KG USEPA Risk Based SSLs 
DI-N-OCTYL PHTHALATE 117-84-0 1600000 UG/KG TACO Residential Ingestion NC NC 1600000 UG/KG TACO Residential Ingestion 
HEXACHLOROBENZENE 118-74-1 400 UG/KG TACO Residential Ingestion 0.53 UG/KG USEPA Risk Based SSLs 0.53 UG/KG USEPA Risk Based SSLs 
HEXACHLOROBUTADIENE 87-68-3 2200 UG/KG NON-TACO - SO to GW Class I 1.7 UG/KG USEPA Risk Based SSLs 1.7 UG/KG USEPA Risk Based SSLs 
HEXACHLOROCYCLOPENTADIENE 77-47-4 10000 UG/KG TACO Residential Ingestion 160 UG/KG USEPA MCL Based SSLs 160 UG/KG USEPA MCL Based SSLs 
N-NITROSODIPHENYLAMINE 86-30-6 1000 UG/KG TACO - SO to GW Class I 75 UG/KG USEPA Risk Based SSLs 75 UG/KG USEPA Risk Based SSLs 
PENTACHLOROPHENOL 87-86-5 20 UG/KG TACO pH Specific Criteria 5.7 UG/KG USEPA Risk Based SSLs 5.7 UG/KG USEPA Risk Based SSLs 

ACENAPHTH ENE 83-32-9 570000 UG/KG TACO - SO to GW Class I 22000 UG/KG USEPA Risk Based SSLs 22000 UG/KG USEPA Risk Based SSLs 
ACENAPHTHYLENE 208-96-8 85000 UG/KG NON-TACO - SO to GW Class I NC 85000 UG/KG NON-TACO - SO to GW Class I 
ANTHRACENE 120-12-7 12000000 UG/KG TACO - SO to GW Class I 360000 UG/KG USEPA Risk Based SSLs 360000 UG/KG USEPA Risk Based SSLs 
BENZO(A)ANTHRACENE 56-55-3 900 UG/KG TACO Residential Ingestion 10 UG/KG USEPA Risk Based SSLs 10 UG/KG USEPA Risk Based SSLs 
BENZO(A)PYRENE 50-32-8 90 UG/KG TACO Residential Ingestion 3.5 UG/KG USEPA Risk Based SSLs 3.5 UG/KG USEPA Risk Based SSLs 
BENZO(B)FLUORANTHENE 205-99-2 900 UG/KG TACO Residential Ingestion 35 UG/KG USEPA Risk Based SSLs 35 UG/KG USEPA Risk Based SSLS 
BENZO(G,H,I)PERYLENE 191-24-2 2300000 UG/KG NON-TACO Residential Ingestion NC 2300000 UG/KG NON-TACO Residential Ingestion 
BENZO(K)FLUORANTHENE 207-08-9 9000 UG/KG TACO Residential Ingestion 350 UG/KG USEPA Risk Based SSLs 350 UG/KG USEPA Risk Based SSLs 
CHRYSENE 218-01-9 88000 UG/KG TACO Residential Ingestion 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
DIBENZO(A,H)ANTHRACENE 53-70-3 90 UG/KG TACO Residential Ingestion 11 UG/KG USEPA Risk Based SSLs 11 UG/KG USEPA Risk Based SSLs 
FLUORANTH EN E 206-44-0 3100000 UG/KG TACO Residential Ingestion 160000 UG/KG USEPA Risk Based SSLS 160000 UG/KG USEPA Risk Based SSLs 
FLUORENE 86-73-7 560000 UG/KG TACO - SO to GW Class I 27000 UG/KG USEPA Risk Based SSLs 27000 UG/KG USEPA Risk Based SSLs 
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TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

Minimum IL 
Criteria 

MINIMUM IL BASIS 
Minimum Federal 

Criteria MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

2-METHYLNAPHTHALENE 91-57-6 NC NC 750 UG/KG USEPA Risk Based SSLs 750 UG/KG USEPA Risk Based SSLs 
INDENO(1,2,3-CD)PYRENE 193-39-5 900 UG/KG TACO Residential Ingestion 120 UG/KG USEPA Risk Based SSLs 120 UG/KG USEPA Risk Based SSLs 
NAPHTHALENE 91-20-3 12000 UG/KG" TACO - SO to GW Class I 0.47 UG/KG USEPA Risk Based SSL5 0.47 UG/KG USEPA Risk Based SSL5 
PHENANTHRENE 85-01-8 200000 UG/KG NON-TACO - SO to GW Class I NC 200000 UG/KG NON-TACO - SO to GW Class I 
PYRENE 129-00-0 2300000 UG/KG TACO Residential Ingestion 120000 UG/KG USEPA Risk Based SSLs 120000 UG/KG USEPA Risk Based SSLs 
PCBs 
AROCLOR-1016 12674-11-2 NC NC 92 UG/KG USEPA Risk Based SSLs 92 UG/KG USEPA Risk Based SSLs 
AROCLOR-1221 11104-28-2 NC NC 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSL5 
AROCLOR-1232 11141-16-5 NC NC 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
AROCLOR-1242 53469-21-9 NC NC 5.3 UG/KG USEPA Risk Based SSL5 5.3 UG/KG USEPA Risk Based SSLs 
AROCLOR-1248 12672-29-6 NC NC 5.2 UG/KG USEPA Risk Based SSLs 5.2 UG/KG USEPA Risk Based SSLs 
AROCLOR-1254 11097-69-1 NC NC 8.8 UG/KG USEPA Risk Based SSLs 8.8 UG/KG USEPA Risk Based SSLs 
AROCLOR-1260 11096-82-5 NC NC 24 UG/KG USEPA Risk Based SSLs 24 UG/KG USEPA Risk Based SSLs 
TOTAL AROCLOR 1336-36-3 1000 UG/KG TACO Residential Ingestion 220 UG/KG USEPA Residential Soil 220 UG/KG USEPA Residential Soil 
INORGANICS 
ALUMINUM 7429-90-5 78000 MG/KG NON-TACO Residential Ingestion 55000 MG/KG USEPA Risk Based SSL5 55000 MG/KG USEPA Risk Based SSLs 
ANTIMONY 7440-36-0 5 MG/KG TACO pH Specific Criteria 0.66 MG/KG USEPA Risk Based SSLs 0.66 MG/KG USEPA Risk Based SSL5 
ARSENIC 7440-38-2 30 MG/KG TACO pH Specific Criteria 0.0013 MG/KG USEPA Risk Based SSL5 0.0013 MG/KG USEPA Risk Based SSLs 
BARIUM 7440-39-3 1800 MG/KG TACO pH Specific Criteria 300 MG/KG USEPA Risk Based SSLs 300 MG/KG USEPA Risk Based SSL5 
BERYLLIUM 7440-41-7 160 MG/KG TACO Residential Ingestion 58 MG/KG USEPA Risk Based SSL5 58 MG/KG USEPA Risk Based SSLs 
CADMIUM 7440-43-9 59 MG/KG TACO pH Specific Criteria 1.4 MG/KG USEPA Risk Based SSLs 1.4 MG/KG USEPA Risk Based SSLs 
CALCIUM 7440-70-2 NC NC 0 MG/KG NC 0 MG/KG NC 
CHROMIUM 7440-47-3 230 MG/KG TACO Residential Ingestion 276 MG/KG EPA SSLs for Residential Inhalation 230 MG/KG TACO Residential Ingestion 
COBALT 7440-48-4 4700 MG/KG TACO Residential Ingestion 0.49 MG/KG USEPA Risk Based SSLs 0.49 MG/KG USEPA Risk Based SSLs 
COPPER 7440-50-8 2900 MG/KG TACO Residential Ingestion 51 MG/KG USEPA Risk Based SSLs 51 MG/KG USEPA Risk Based SSLs 
IRON 7439-89-6 55000 MG/KG NON-TACO Residential Ingestion 640 MG/KG USEPA Risk Based SSL5 640 MG/KG USEPA Risk Based SSLs 
LEAD 7439-92-1 107 MG/KG TACO pH Specific Criteria 400 MG/KG USEPA Residential Soil 107 MG/KG TACO pH Specific Criteria 
MAGNESIUM 7439-95-4 325000 MG/KG TACO Residential Ingestion 0 MG/KG NC 0 MG/KG NC 
MANGANESE 7439-96-5 1600 MG/KG TACO Residential Ingestion 57 MG/KG USEPA Risk Based SSLs 57 MG/KG USEPA Risk Based SSL5 
MERCURY 7439-97-6 6.4 MG/KG TACO p1-I Specific Criteria 0.03 MG/KG USEPA Risk Based SSL5 0.03 MG/KG USEPA Risk Based SSLs 
NICKEL 7440-02-0 700 MG/KG TACO pH Specific Criteria 48 MG/KG USEPA Risk Based SSLs 48 MG/KG USEPA Risk Based SSLs 
POTASSIUM 7440-09-7 NC NC 0 MG/KG NC 0 MG/KG NC 
SELENIUM 7782-49-2 3.3 MG/KG TACO pH Specific Criteria 0.95 MG/KG USEPA Risk Based SSLs 0.95 MG/KG USEPA Risk Based SSL5 
SILVER 7440-22-4 39 MG/KG TACO pH Specific Criteria 1.6 MG/KG USEPA Risk Based SSLs 1.6 MG/KG USEPA Risk Based SSLs 
SODIUM 7440-23-5 NC NC 0 MG/KG NC 0 MG/KG NC 
THALLIUM 7440-28-0 3.4 MG/KG TACO pH Specific Criteria 0 MG/KG NC 0 MG/KG NC 
VANADIUM 7440-62-2 550 MG/KG TACO Residential Ingestion 180 MG/KG USEPA Risk Based SSLs 180 MG/KG USEPA Risk Based SSL5 
ZINC 7440-66-6 16000 MG/KG TACO pH Specific Criteria 680 MG/KG USEPA Risk Based SSL5 680 MG/KG USEPA Risk Based SSLs 
TCLP-INORGANICS - 
ALUMINUM 7429-90-5 3.5 MG/L NON-TACO - SO to GW Class I NC NC 3.5 MG/L NON-TACO - SO to GW Class I 
ANTIMONY 7440-36-0 0.006 MG/L TACO - SO to GW Class I NC NC 0.006 MG/L TACO - SO to GW Class I 
ARSENIC 7440-38-2 0.05 MG/L TACO - SO to GW Class I NC NC 0.05 MG/L TACO - SO to GW Class I 
BARIUM 7440-39-3 2 MG/L TACO - SO to GW Class I NC NC 2 MG/L TACO - SO to GW Class I 
BERYLLIUM 7440-41-7 0.004 MG/L TACO - SO to GW Class I NC NC 0.004 MG/L TACO - SO to GW Class I 
CADMIUM 7440-43-9 0.005 MG/L TACO - SO to GW Class I NC NC 0.005 MG/L TACO - SO to GW Class I 
CALCIUM 7440-70-2 NC NC NC NC NC NC 
CHROMIUM 7440-47-3 0.1 MG/L TACO - SO to GW Class I NC NC 0.1 MG/L TACO - SO to GW Class I 
COBALT 7440-48-4 1 MG/L TACO - SO to GW Class I NC NC 1 MG/L TACO - SO to GW Class I 
COPPER 7440-50-8 0.65 MG/L TACO - SO to GW Class I NC NC 0.65 MG/L TACO - SO to GW Class I 
IRON 7439-89-6 5 MG/L TACO - SO to GW Class I NC NC 5 MG/L TACO - SO to GW Class I 
LEAD 7439-92-1 0.0075 MG/L TACO - SO to GW Class I NC NC 0.0075 MG/L TACO - SO to GW Class I 
MAGNESIUM 7439-95-4 NC NC NC NC NC NC 
MANGANESE 7439-96-5 0.15 MG/L TACO - SO to GW Class I NC NC 0.15 MG/L TACO - SO to GW Class I 
MERCURY 7439-97-6 0.002 MG/L TACO - SO to GW Class I NC NC 0.002 MG/L TACO - SO to GW Class I 
NICKEL 7440-02-0 0.1 MG/L TACO - SO to GW Class I NC NC 0.1 MG/L TACO - SO to GW Class I 
POTASSIUM 7440-09-7 NC NC NC NC NC NC 
SELENIUM 7782-49-2 0.05 MG/L TACO - SO to GW Class I NC NC 0.05 MG/L TACO - SO to GW Class I 
SILVER 7440-22-4 0.05 MG/L TACO - SO to GW Class I NC NC 0.05 MG/L TACO - SO to GW Class I 
SODIUM 7440-23-5 NC NC NC NC NC NC 
THALLIUM 7440-28-0 0.002 MG/L TACO - SO to GW Class I NC NC 0.002 MG/L TACO - SO to GW Class I 
VANADIUM 7440-62-2 0.049 MG/L TACO - SO to GW Class I NC NC 0.049 MG/L TACO - SO to GW Class I 
ZINC 7440-66-6 5 MG/L TACO - SO to GW Class I NC NC 5 MG/L TACO - SO to GW Class I 
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TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

Minimum IL 
Criteria MINIMUM IL BASIS 

Minimum Federal 
Criteria 

MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

1,1,1-TRICHLOROETHANE 71-55-6 2000 UG/KG TACO - SO to GW Class I 3200 UG/KG USEPA Risk Based SSLs 2000 UG/KG TACO - SO to GW Class I 
1,1,2,2-TETRACHLOROETHANE 79-34-5 220 UG/KG NON-TACO - SO to GW Class I 0.026 UG/KG USEPA Risk Based SSL5 0.026 UG/KG USEPA Risk Based SSL5 
1,1,2-TRICHLOROETHANE 79-00-5 20 UG/KG TACO - SO to GW Class I 0.078 UG/KG USEPA Risk Based SSLs 0.078 UG/KG USEPA Risk Based SSLs 
1,1-DICHLOROETHANE 75-34-3 23000 UG/KG TACO - SO to GW Class I 0.69 UG/KG USEPA Risk Based SSLs 0.69 UG/KG USEPA Risk Based SSL5 
1,1-DICHLOROETHENE 75-35-4 60 UG/KG TACO - SO to GW Class I 120 UG/KG USEPA Risk Based SSLs 60 UG/KG TACO - SO to GW Class I 
1,2,4-TRICHLOROBENZENE 120-82-1 5000 UG/KG TACO - SO to GW Class I 6.8 UG/KG USEPA Risk Based SSLs 6.8 UG/KG USEPA Risk Based SSL5 
1,2-DIBROMOETHANE 106-93-4 0.4 UG/KG TACO - SO to GW Class I 0.0018 UG/KG USEPA Risk Based SSL5 0.0018 UG/KG USEPA Risk Based SSL5 
1,2-DICHLOROBENZENE 95-50-1 17000 UG/KG TACO - SO to GW Class I 360 UG/KG USEPA Risk Based SSLs 360 UG/KG USEPA Risk Based SSLs 
1,2-DICHLOROETHANE 107-06-2 20 UG/KG TACO - SO to GW Class I 0.042 UG/KG USEPA Risk Based SSL5 0.042 UG/KG USEPA Risk Based SSL5 
1,2-DICHLOROPROPANE 78-87-5 30 UG/KG TACO - SO to GW Class I 0.13 UG/KG USEPA Risk Based SSLs 0.13 UG/KG USEPA Risk Based SSLs 
1,3-DICHLOROBENZENE 541-73-1 NC NC NC NC NC NC 
1,4-DICHLOROBENZENE 106-46-7 2000 UG/KG TACO - SO to GW Class I 0.41 UG/KG USEPA Risk Based SSLs 0.41 UG/KG USEPA Risk Based SSLs 
2-BUTANONE 78-93-3 NC NC 1500 UG/KG USEPA Risk Based SSL5 1500 UG/KG USEPA Risk Based SSLs 
2-HEXANONE 591-78-6 NC NC 11 UG/KG USEPA Risk Based SSLs 11 UG/KG USEPA Risk Based SSLs 
4-METHYL-2-PENTANONE 108-10-1 340000 UG/KG NON-TACO Const Worker 450 UG/KG USEPA Risk Based SSL5 450 UG/KG USEPA Risk Based SSLs 
ACETONE 67-64-1 25000 UG/KG TACO - SO to GW Class I 4500 UG/KG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSL5 
BENZENE 71-43-2 30 UG/KG TACO - SO to GW Class I 0.21 UG/KG USEPA Risk Based SSLs 0.21 UG/KG USEPA Risk Based SSLs 
BROMODICHLOROMETHANE 75-27-4 600 UG/KG TACO - SO to GW Class I 0.032 UG/KG USEPA Risk Based SSL5 0.032 UG/KG USEPA Risk Based SSL5 
BROMOFORM 75-25-2 800 UG/KG TACO - SO to GW Class I 2.3 UG/KG USEPA Risk Based SSLs 2.3 UG/KG USEPA Risk Based SSLs 
BROMOMETHANE 74-83-9 200 UG/KG TACO - SO to GW Class I 2.2 UG/KG USEPA Risk Based SSLs 2.2 UG/KG USEPA Risk Based SSLs 
CARBON DISULFIDE 75-15-0 9000 UG/KG TACO Const Worker 310 UG/KG USEPA Risk Based SSL5 310 UG/KG USEPA Risk Based SSL5 
CARBON TETRACHLORIDE 56-23-5 70 UG/KG TACO - SO to GW Class I 0.077 UG/KG USEPA Risk Based SSLs 0.077 UG/KG USEPA Risk Based SSLs 
CHLOROBENZENE 108-90-7 1000 UG/KG TACO - SO to GW Class I 62 UG/KG USEPA Risk Based SSL5 62 UG/KG USEPA Risk Based SSLs 
CHLOROETHANE 75-00-3 97000 UG/KG NON-TACO Const Worker 5900 UG/KG USEPA Risk Based SSLs 5900 UG/KG USEPA Risk Based SSLs 
CHLOROFORM 67-66-3 300 UG/KG TACO Residential Ingestion 0.053 UG/KG USEPA Risk Based SSLs 0.053 UG/KG USEPA Risk Based SSLs 
CHLOROMETHANE 74-87-3 11000 UG/KG NON-TACO Const Worker 49 UG/KG USEPA Risk Based SSLs 49 UG/KG USEPA Risk Based SSLs 
1,2-DIBROMO-3-CHLOROPROPANE 96-12-8 2 UG/KG TACO - SO to GW Class I 0.00014 UG/KG USEPA Risk Based SSLs 0.00014 UG/KG USEPA Risk Based SSLs 
CIS-1,2-DICHLOROETHENE 156-59-2 400 UG/KG TACO - SO to GW Class I 110 UG/KG USEPA Risk Based SSL5 110 UG/KG USEPA Risk Based SSLs 
CIS-1,3-DICHLOROPROPENE 10061-01-5 NC NC 0.15 UG/KG USEPA Risk Based SSLs 0.15 UG/KG USEPA Risk Based SSLs 
CYCLOHEXANE 110-82-7 110000 UG/KG NON-TACO Const Worker 13000 UG/KG USEPA Risk Based SSL5 13000 UG/KG USEPA Risk Based SSL5 
CHLORODIBROMOMETHANE 124-48-1 400 UG/KG TACO - SO to GW Class I 0.039 UG/KG USEPA Risk Based SSLs 0.039 UG/KG USEPA Risk Based SSLs 
DICHLORODIFLUOROMETHANE 75-71-8 NC NC 610 UG/KG USEPA Risk Based SSLs 610 UG/KG USEPA Risk Based SSLs 
ETHYLBENZENE 100-41-4 13000 UG/KG TACO - SO to GW Class I 1.7 UG/KG USEPA Risk Based SSLs 1.7 UG/KG USEPA Risk Based SSLs 
ISOPROPYLBENZENE 98-82-8 51000 UG/KG NON-TACO Const Worker 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
METHYL ACETATE 79-20-9 29000 UG/KG NON-TACO - SO to GW Class I 7500 UG/KG USEPA Risk Based SSLs 7500 UG/KG USEPA Risk Based SSL5 
METHYL CYCLOHEXANE 108-87-2 46000 UG/KG NON-TACO Const Worker 490000 UG/KG ;EPA SSLs for Residential Inhalation 46000 UG/KG NON-TACO Const Worker 
METHYLENE CHLORIDE 75-09-2 20 UG/KG TACO - SO to GW Class I 1.2 UG/KG USEPA Risk Based SSLs 1.2 UG/KG USEPA Risk Based SSLs 
METHYL TERT-BUTYL ETHER 1634-04-4 320 UG/KG TACO - SO to GW Class I 2.8 UG/KG USEPA Risk Based SSLs 2.8 UG/KG USEPA Risk Based SSLs 
STYRENE 100-42-5 4000 UG/KG TACO - SO to GW Class I 1800 UG/KG USEPA Risk Based SSLs 1800 UG/KG USEPA Risk Based SSLs 
TETRACHLOROETHENE 127-18-4 60 UG/KG TACO - SO to GW Class I 0.049 UG/KG USEPA Risk Based SSL5 0.049 UG/KG USEPA Risk Based SSLs 
TOLUENE 108-88-3 12000 UG/KG TACO - SO to GW Class I 1600 UG/KG USEPA Risk Based SSLs 1600 UG/KG USEPA Risk Based SSLs 
TRANS-1,2-DICHLOROETHENE 156-60-5 700 UG/KG TACO - SO to GW Class I 31 UG/KG USEPA Risk Based SSL5 31 UG/KG USEPA Risk Based SSLs 
TRANS-1,3-DICHLOROPROPENE 10061-02-6 NC NC 1100 UG/KG ,EPA SSLs for Residential Inhalation 1100 UG/KG USEPA SSLs for Residential Inhalation 
TRICHLOROETHENE 79-01-6 60 UG/KG TACO - SO to GW Class I 0.72 UG/KG USEPA Risk Based SSLs 0.72 UG/KG USEPA Risk Based SSLs 
TRICHLOROFLUOROMETHANE 75-69-4 NC NC 830 UG/KG USEPA Risk Based SSLs 830 UG/KG USEPA Risk Based SSLs 
1,1,2-TRICHLOROTRIFLUOROETHANE 76-13-1 1000000 UG/KG NON-TACO Residential Ingestion 150000 UG/KG USEPA Risk Based SSL5 150000 UG/KG USEPA Risk Based SSL5 
VINYL CHLORIDE 75-01-4 10 UG/KG TACO - SO to GW Class I 0.0056 UG/KG USEPA Risk Based SSLs 0.0056 UG/KG USEPA Risk Based SSLs 
TOTAL XYLENES 1330-20-7 5600 UG/KG TACO Const Worker 200 UG/KG USEPA Risk Based SSLs 200 UG/KG USEPA Risk Based SSLs 

4A-DDD 72-54-8 3000 UG/KG TACO Residential Ingestion 86 UG/KG USEPA Risk Based SSL5 
4A-DDE 72-55-9 2000 UG/KG TACO Residential Ingestion 60 UG/KG USEPA Risk Based SSLs 
4,4'-DDT 50-29-3 2000 UG/KG TACO Residential Ingestion 87 UG/KG USEPA Risk Based SSLs 
Aldrin 309-00-2 40 UG/KG TACO Residential Ingestion 0.84 UG/KG USEPA Risk Based SSLs 
a p a- 	a p a- 319-84-6 0.5 UG/KG TACO - SO to GW Class I 0.074 UG/KG USEPA Risk Based SSLs 
alpha-Chlordane 5103-71-9 NC NC NC NC 
beta-BHC 319-85-7 NC NC 0.26 UG/KG USEPA Risk Based SSLs 
delta-BHC 319-86-8 NC NC NC NC 
Dieldrin 60-57-1 4 UG/KG TACO - SO to GW Class I 0.09 UG/KG USEPA Risk Based SSLs 
Endosulfan 115-29-7 18000 UG/KG TACO - SO to GW Class I 9700 UG/KG USEPA Risk Based SSLs 
Endosulfan I 959-98-8 NC NC NC NC 

86 UG/KG USEPA Risk Based SSLs 
60 UG/KG USEPA Risk Based SSLs 
87 UG/KG USEPA Risk Based SSLs 

0.84 UG/KG USEPA Risk Based SSL5 
0.074 UG/KG USEPA Risk Based SSLs 

NC NC 
0.26 UG/KG USEPA Risk Based SSLs 
NC NC 
0.09 UG/KG USEPA Risk Based SSLs 
9700 UG/KG USEPA Risk Based SSL5 
NC NC 
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TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

Minimum IL 
Criteria 

MINIMUM IL BASIS 
Minimum Federal 

Criteria 
MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

Endosulfan II 33213-65-9 NC NC NC NC NC NC 
Endosulfan sulfate 1031-07-8 NC NC NC NC NC NC 
Endrin 72-20-8 1000 UG/KG TACO - SO to GW Class I 230 UG/KG USEPA Risk Based SSLs 230 UG/KG USEPA Risk Based SSLs 
Endrin aldehyde 7421-93-4 NC NC NC NC NC NC 
Endrin ketone 53494-70-5 NC NC NC NC NC NC 
gamma-BFIC (Lindane) 58-89-9 9 UG/KG TACO - SO to GW Class I 0.43 UG/KG USEPA Risk Based SSL5 0.43 UG/KG USEPA Risk Based SSLs 
qamma-Chlordane 5103-74-2 NC NC NC NC NC NC 
Heptachlor 76-44-8 100 UG/KG TACO Residential Ingestion 1.6 UG/KG USEPA Risk Based SSL5 1.6 UG/KG USEPA Risk Based SSLs 
Heptachlor epoxide 1024-57-3 70 UG/KG TACO Residential Ingestion 0.079 UG/KG USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSL5 
Methoxychlor 72-43-5 160000 UG/KG NC 3400 UG/KG USEPA Risk Based SSL5 3400 UG/KG USEPA Risk Based SSL5 
Toxaphene 8001-35-2 600 UG/KG TACO Residential Ingestion 12 UG/KG USEPA Risk Based SSLs 12 UG/KG USEPA Risk Based SSL5 

Definitions:  
TACO - Tiered Approach to Corrective Action Objectives 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO - Soil 
IL - Illinois 
SSL - Soil Screening Limits 
UG/KG - microgranis per kilogram 
MG/L - miligrams per liter 
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TABLE F-3 
TCLP PROJECT ACTION LIMITS FOR INVESTIGATION DERIVED WASTES (IDW) 

SITE 12 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILINOIS 

Project Action Limit Quantitation Limit Analytes CAS Number (mg/W1)  (mg/L) 

TCLP METALS SW-846 1311/6010B/7470A FOR IDW DETERMINATION 

ARSENIC 7440-38-2 5 0.1 

BARIUM 7440-39-3 100 2 

CADMIUM 7440-43-9 1 0.05 

CHROMIUM 7440-47-3 5 0.1 

LEAD 7439-92-1 5 0.03 

MERCURY 7439-97-6 0.2 0.002 

SELENIUM 7782-49-2 1 0.05 

SILVER 7440-22-4 5 0.1 

TCLP VOC SW-846 1311/8260B FOR IDW DETERMINATION 

BENZENE 71-43-2 0.5 0.01 
CARBON TETRACHLORIDE 56-23-5 0.5 0.01 

CHLOROBENZENE 108-90-7 100 0.01 

CHLOROFORM 67-66-3 6 0.01 

1,2-DICHLOROETHANE 107-06-2 0.5 0.01 

1,1-DICHLOROETHENE 75-35-4 0.7 0.01 

2-BUTANONE 78-93-3 200 0.1 

TETRACHLOROETHENE 127-18-4 0.7 0.01 

TRICHLOROETHENE 79-01-6 0.5 0.01 

VINYL CHLORIDE 75-01-4 0.2 0.02 

TCLP SVOC SW-846 1311/8260C FOR IDW DETERMINATION 

0-CRESOL 95-48-7 200 0.05 
M-CRESOL 95-48-7 200 0.05 

P-CRESOL 106-44-5 200 0.05 

1,4-DICHLOROBENZENE 106-46-7 7.5 0.05 

2,4-DINITROTOLUENE 121-14-2 0.13 0.05 

HEXACHLOROBENZENE 118-74-1 0.13 0.05 

HEXACHLOR0-1,3-BUTADIENE 87-68-3 0.5 0.05 

HEXACHLOROETHANE 67-72-1 3 0.05 

NITROBENZENE 98-95-3 2 0.05 

PENTACHLOROPHENOL 87-86-5 100 0.2 

PYRIDINE 110-86-1 5 0.2 

2,4,5-TRICHLOROPHENOL 95-95-4 400 0.05 

2,4,6-TRICHLOROPHENOL 88-06-2 2 0.05 

TCLP PESTICIDES SW-846 1311/8270C FOR IDW DETERMINATION 

CHLORDANE 57-74-9 0.03 0.0005 

ENDRIN 72-20-8 0.02 0.0001 

HEPTACHLOR 76-44-8 0.008 0.0001 

HEPTACHLOR EPDXIDE 1024-57-3 0.008 0.0001 

LINDANE 58-89-9 0.4 0.0001 

METHOXYCHLOR 72-43-5 10 0.0001 

TOXAPHENE 8001-35-2 0.5 0.01 

TCLP HERBICIDES SW-846 1311/8270C FOR IDW DETERMINATION 

2,4-D 94-75-7 10 0.005 

2,4,5-TP (SILVEX) 93-72-1 1 0.001 

(1) 	Project Action Limits for IDW management are based on disposal requirements as per 
RCRA CFR 261.24 

TCLP = Toxicity Characteristic Leaching Procedure 
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EXECUTIVE SUMMARY 

This Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP) was prepared according to United 

States Environmental Protection Agency (USEPA) Quality Assurance Project Plan (QAPP) requirements 

for a Remedial Investigation (RI) of Site 12, Harbor Dredge Spoil Area, located at Naval Station (NS) 

Great Lakes, Great Lakes, Illinois.  This UFP-SAP was prepared by Tetra Tech, Inc. (Tetra Tech) on 

behalf of Naval Facilities Engineering Command (NAVFAC) Midwest under Contract Number 

N62470-08-D-1001, Contract Task Order (CTO) F27A.  This SAP was generated in accordance with 

applicable United States Navy, Illinois Environmental Protection Agency (Illinois EPA), and USEPA 

requirements, regulations, guidance, and technical standards. 

 

Site 12 is located in a flat area on the shore of the NS Great Lakes Outer Harbor, and is approximately 

3.5 acres.  Site 12 is currently a grass-covered field that is used as a picnic and recreational area.  A 

gravel road transects the site from north to south and terminates in a gravel parking lot on the south 

against a concrete pier.  The only structure on the site is a picnic pavilion overlooking the lake.  The only 

other notable feature is a drainage ditch which emerges from the bluff on the west and extends eastwards 

across the site to Lake Michigan.  During harbor dredge activities in 1952 and in the 1970s, dredge spoils 

were reportedly disposed of in this area.  The sediment dredged from the harbor may have high organic 

content, and potentially contain heavy metals, oils, pesticides, and polychlorinated biphenyls (PCBs).  

The primary sources of the environmental contaminants in the sediments are from non-Navy upstream 

industrial sources (historical discharges and contamination) and non-Navy and Navy storm water 

discharges within the Pettibone Creek Watershed.  Overland runoff and storm water discharges from 

Naval Station Great Lakes to Pettibone Creek may have historically contributed pollutants to the 

watershed, but the Navy currently manages all discharges through the appropriate storm water 

management regulations and recent analytical results  indicate that no significant Navy point sources are 

impacting the sediment quality of Pettibone Creek. 

 

An RI Verification Step was conducted by Dames & Moore (1991) at the site.  Fill materials, encountered 

during the investigation of soil borings appeared to have the physical composition of lake dredge spoils.  

Surface and subsurface soil samples were collected and analyzed for volatile organic compounds 

(VOCs), heavy metals, pesticides, and PCBs.  Several metals, including antimony, cadmium, copper, 

lead, mercury, selenium, silver, and zinc were detected at concentrations above representative 

background values throughout the areal extent of the site and at depth down to at least 8 feet below 

ground surface (bgs).  Pesticides [1,1-dichloro-2,2-bis(4-chlorophenyl)ethane (DDD), 1,1-dichloro-2,2-

bis(4-chlorophenyl)ethene (DDE), and 1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (DDT)] were also 

detected in near surface soils throughout the areal extent of the site.  
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Data collected during the first phase of the Site 12 RI in December 2010 were used to determine the 

nature and extent of contamination and potential risks to human health and the environment.  The results 

indicated that there are chemicals in the soil with the potential to migrate to the groundwater.  Additional 

soil sampling and analysis is necessary to further evaluate the potential migration concern.  The possible 

outcomes of Phase 2 of the RI are the results confirm the potential mobility issue and remedial 

alternatives are developed during the Feasibility Study (FS) to address the issue or the results show that 

the mobility issue is not a significant concern and no additional effort is required to address it. 
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ACRONYMS AND ABBREVIATIONS 

AES   Atomic Emissions Spectrometry 

APP  Accident Prevention Plan 

BaP  Benzo(a)pyrene 

bgs  Below ground surface 

BTU  British Thermal Unit 

CA  Corrective Action 

CAS  Chemical Abstract Service 

CCV  Continuing Calibration Verification 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

CFR Code of Federal Regulations  

CLEAN Comprehensive Long-Term Environmental Action Navy 

CTO  Contract Task Order 

DDD  1,1-dichloro-2,2-bis(4-chlorophenyl)ethane 

DDE  1,1-dichloro-2,2-bis(4-chlorophenyl)ethene 

DDT  1,1-trichloro-2,2-bis(4-chlorophenyl)ethane 

DI   Deionized  

DFTPP   Decafluorotriphenylphosphine 

DL  Detection Limit 

DoD   Department of Defense 

DOT  Department of Transportation 

DPT  Direct-push technology 

DQI   Data Quality Indicator 

DQO   Data Quality Objective 

DVM  Data Validation Manager 

ELAP  Environmental Laboratory Accreditation Program 

EDD  Electronic Data Deliverable 

EPA  Environmental Protection Agency 

FOL  Field Operations Leader 

FS  Feasibility Study 

FTMR  Field Task Modification Request 

GPS  Global Positioning System 

HAZWOPER Hazardous Waste Operations and Emergency Response 

HHRA  Human Health Risk Assessment 

HSM  Health and Safety Manager 

IAC  Illinois Administrative Code  
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IAS  Initial Assessment Study 

ICAL  Initial Calibration 

ICP   Inductively Coupled Plasma 

ICS  Interference Check Standard 

IDW   Investigation-derived waste 

IL  Illinois 

JULIE  Joint Utility Locating Information for Excavators 

LCS   Laboratory Control Sample 

LOD  Limit of Detection 

LOQ  Limits of Quantitation  

µg/L  Microgram per Liter 

MDL  Method Detection Limit 

MS  Matrix Spike 

MSD   Matrix Spike Duplicate 

MSL  Mean Sea Level 

NA  Not Applicable 

NAD  North American Datum 

NAVD  North American Vertical Datum 

NAVFAC Naval Facilities Engineering Command 

NC  No Criteria 

NFA  No Further Action 

NS  Naval Station 

ORNL  Oak Ridge National Laboratory 

OSHA  Occupational Safety and Health Administration 

PAL  Project Action Limit 

PAH  Polynuclear Aromatic Hydrocarbon 

PCB   Polychlorinated biphenyl 

PLC  Product Line Coordinator 

PM  Project Manager 

PPE  Personal protective equipment 

PQLG  Project Quantitation Limit Goal 

QA   Quality Assurance 

QAM  Quality Assurance Manager 

QAO  Quality Assurance Officer 

QAPP   Quality Assurance Project Plan 

QC   Quality Control 

QSM  Quality Systems Manual 

%R  Percent Recovery 



Project-Specific SAP – Worksheet #1 Harbor Dredge Spoil Area Site 12 SAP Addendum 
Site Name/Project Name: Site 12 Remedial Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: December 2012 

011107/P (Addendum) Page 8 of 47 CTO F27A 

RI   Remedial Investigation 

RPD   Relative Percent Difference 

RPM   Remedial Project Manager 

RSD  Relative Standard Deviation 

SAP   Sampling and Analysis Plan 

SOP   Standard Operating Procedure 

SPCS  State Plane Coordinate System 

SPLP  Synthetic Precipitation Leaching Procedure 

SSL  Soil Screening Level 

SSO  Site Safety Officer 

SVOC   Semivolatile organic compound 

TACO  Tiered Approach to Corrective Action Objective 

TAL  Target Analyte List  

TCL  Target Compound List 

TCLP  Toxicity Characteristic Leaching Procedure 

Tetra Tech Tetra Tech, Inc. 

UFP-SAP  Uniform Federal Policy-Sampling and Analysis Plan 

USEPA  United States Environmental Protection Agency 

VOC  Volatile organic compound 
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SAP Worksheet #2 -- SAP Identifying Information 

(UFP-QAPP Manual Section 2.2.4) 
 
Site Name/Number:  Site 12, Harbor Dredge Spoil Area 
Operable Unit:  Not Applicable (NA) 
Contractor Name:  Tetra Tech, Inc. (Tetra Tech) 
Contract Number:  N62470-08-D-1001 
Contract Title:  Comprehensive Long-Term Environmental Action Navy (CLEAN)  
Work Assignment Number: Contract Task Order (CTO) F27A 
 
 
1.  This Addendum to a Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP or SAP) was 

prepared in accordance with the requirements of the United States Environmental Protection Agency 
(USEPA) Uniform Federal Policy for Quality Assurance Plans (UFP-QAPP) (2005) and USEPA 
Guidance for Quality Assurance Project Plans, EPA QA/G-5, (2002). Only those worksheets that 
changed from the Final 2011 UFP-SAP (Tetra Tech, 2011) were changed to address the additional 
scope of work. 

 
2. Identify regulatory program:   

 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)  

  
3.   This document is a project-specific SAP but relies on information included in the original SAP.  
 
4. List dates of scoping sessions that were held:   

 
Data Quality Objective (DQO) Scoping Session – October 9, 2012 Navy Response-to-Comment 
Document and October 23, 2012 Illinois EPA Rebuttal Letter 

    
5. List dates and titles of any SAP documents written for previous site work that are relevant to the   

current investigation.  
 

                                         Title Date 
Initial Assessment Study (IAS), Great Lakes Naval Complex  
(Rogers, Golden & Halpern, 1986)  1986 
  
Technical Memorandum on the Remedial Investigation  
Verification Step for the Naval Training Center, Great Lakes,  
Illinois (Dames & Moore, 1991)  1991 
  
Remedial Investigation Work Plan, Site 4 – Fire Fighting  
Training Unit, Site 12 – Harbor Dredging Spoil Area, Naval  
Training Center, Great Lakes, Illinois (Halliburton NUS, 1993)  1993   
 
Final Sampling and Analysis Plan (UFP-SAP/QAPP) 
Site 12 – Harbor Dredge Spoil Area 
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011)  2011 
 

6. List organizational partners (stakeholders) and connection with lead organization: 
 

Illinois Environmental Protection Agency (EPA) – regulatory oversight 
NAVFAC Midwest – property owner 
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7. Lead organization 
 

Department of the Navy, Naval Facilities Engineering Command (NAVFAC) Midwest 
 
8. If any required UFP-SAP elements or required information are not applicable to the project or are 

provided elsewhere, then note the omitted SAP elements and provide an explanation for their 
exclusion below: 

 
Worksheet 22 – Field Equipment Calibration, Maintenance, Testing and Inspection Table: Not 
included because no update required to worksheet included in Final Sampling and Analysis Plan 
(UFP-SAP/QAPP), Site 12 – Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, 
Illinois (Tetra Tech, 2011) – See Appendix D 
 
Worksheet 27 – Sample Custody Requirements Table: Not included because no update required to 
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge 
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D 
 
Worksheet 29 – Project Documents and Records Table: Not included because no update required to 
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge 
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D 
 
Worksheet 31 – Planned Project Assessments Table: Not included because no update required to 
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge 
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D 
 
Worksheet 32 – Assessment Findings and Corrective Action Responses: Not included because no 
update required to worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), 
Site 12 – Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 
2011) – See Appendix D 
 
Worksheet 33 – QA Management Reports Table: Not included because no update required to 
worksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge 
Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D 
 
Worksheet 34 – Verification (Step I) Process Table: Not included because no update required 
toworksheet included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor 
Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See 
Appendix D 
 
Worksheet 35 – Usability Assessment: Not included because no update required to worksheet 
included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge Spoil Area, 
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D 
 
Worksheet 36 – Usability Assessment: Not included because no update required to worksheet 
included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge Spoil Area, 
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D 
 
Worksheet 37 – Usability Assessment: Not included because no update required to worksheet 
included in Final Sampling and Analysis Plan (UFP-SAP/QAPP), Site 12 – Harbor Dredge Spoil Area, 
Naval Station Great Lakes, Great Lakes, Illinois (Tetra Tech, 2011) – See Appendix D 
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SAP Worksheet #3 – Distribution List    

(UFP-QAPP Manual Section 2.3.1) 
  

 
Name of SAP Recipient 

 
Title/Role 

 
Organization 

 
Telephone Number 

 
E-Mail Address  

Howard Hickey 

Product Line Coordinator 
(PLC)/ Program Manager / 
Manages program for 
NAVFAC Midwest 

NAVFAC Midwest (847) 688-2600 x243 Howard.Hickey@navy.mil 

Terese Van Donsel 
Remedial Project Manager  
(RPM) / Manages project 
for NAVFAC Midwest 

NAVFAC Midwest (847) 688-2600 x136 Terese.VanDonsel@navy.mil 

Brian Conrath 
Illinois RPM / Manages 
project for EPA 

Illinois EPA (217) 557-8155 Brian.Conrath@illinois.gov 

Corey Rich 
Project Manager (PM) / 
Manages project for Tetra 
Tech 

Tetra Tech  (412) 921-8984 Corey.Rich@tetratech.com 

Tom Johnston 

Atlantic Quality Assurance 
Manager (QAM) / Manages 
CLEAN QA Program for 
Tetra Tech 

Tetra Tech (412) 921-8615  Tom.Johnston@tetratech.com 

Matt Soltis 
Health and Safety Manager 
(HSM) Manages H&S 
Program for Tetra Tech 

Tetra Tech (412)921-8912 Matt.Soltis@tetratech.com 

Leanne Ganser 
Project Chemist / Provides 
technical chemistry support 

Tetra  Tech (412) 921-8148 Leanne.Ganser@tetratech.com 

Gary Wood 
Laboratory  PM / Manages 
project for TriMatrix 

TriMatrix   
Laboratories, Inc. 
(TriMatrix) 

(616) 940-4206 woodgl@trimatrixlabs.com 
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Name of SAP Recipient 

 
Title/Role 

 
Organization 

 
Telephone Number 

 
E-Mail Address  

Stan Conti 

Field Operations Leader 
(FOL)/Site Safety Officer 
(SSO) / Manages field 
operations for Tetra Tech 

Tetra Tech (412) 921-8422 Stanley.Conti@tetratech.com 

Lee Leck 
Database Manager / 
Manages electronic 
database for Tetra Tech 

Tetra Tech (412) 921-8856 Lee.Leck@tetratech.com 

Joseph Samchuck 
Data Validation Manager 
(DVM) / Manages data 
validation operations 

Tetra Tech (412) 921-8510 Joseph.Samchuck@tetratech.com 

Glenn Wagner 

Administrative Record 
Manager / Manages 
Administrative Record 
operations for Tetra Tech 

Tetra Tech (412) 220-2211 Glenn.wagner@tetratech.com 
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SAP Worksheet #4 -- Project Personnel Sign-Off Sheet 

(UFP-QAPP Manual Section 2.3.2) 

Name Organization/Title/Role Telephone Number Signature/Email 
Receipt 

SAP Section Reviewed Date SAP Read 

Navy and Regulator Project Team Personnel 

Terese Van 
Donsel NAVFAC Midwest/RPM (847) 688-2600 x136 See Worksheet #1 All 

Brian Conrath Illinois RPM (217) 557-8155 See Worksheet #1 All 

Tetra Tech Project Team Personnel 

Corey Rich Tetra Tech/PM (412) 921-8984 See Worksheet #1 All i2112- I 12— 

Stan Conti Tetra Tech/FOUSSO (412) 921-8422 . All 1.1(.Q112. 
Leanne 
Ganser 

Tetra Tech/Project 
Chemist (412) 921-8148 

. iiiii  All 
/2 1/ 	/ /..P__. 

Matt Soltis Tetra Tech/Health and 
Safety Manager (412) 921-8912 See Accident 

Prevention Plan (APP) APP 

Joe 
Samchuck 

Tetra Tech/Data 
Validation Manager (412) 921-8510 (7(f4,4- G., All /2//2-/2- 

Subcontractor Personnel 

Gary Wood Trimatrix/Laboratory PM (616)940-4206 
Worksheets #6, #12, #14, 

#15, #19, #23-28, #30, #34- 
#36 

011107/P (Addendum) 
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SAP Worksheet #5 -- Project Organizational Chart 
(UFP-QAPP Manual Section 2.4.1) 
 
 
 
Lines of Authority    Lines of Communication 

 
 
  
 

Terese Van 
Donsel 

NAVY RPM 
(847) 688-2600 

X 136

Corey Rich 
Tetra Tech PM 
(412) 921-8984  

Matt Soltis 
Tetra Tech 

HSM 
(412) 921-8912 

Tetra Tech Support Staff 
DVM 

Chemists 
Environmental Engineers 

Geologists

Tetra Tech Field 
Staff 

FOL/SSO 
Stan Conti 

(412) 921-8422 

Brian Conrath 
Illinois EPA  

(217) 557-8155 

TBD 
NAVY QA Officer 
(757) 322-TBD 

Tom Johnston 
Tetra Tech/ Atlantic 

QAM 
(412) 921-8615 

Leanne Ganser 
Tetra Tech 

Project Chemist 
(412) 921-8148 

Field 
Subcontractors 
Surveyor/TBD 

Driller/ 
Environmental Field 

Services 
Gary Wood 

Trimatrix/ Laboratory 
PM 

(616) 940-4206

Joe Samchuck 
Tetra Tech Data 
Validation Mgr. 
(412) 921-8510 
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SAP Worksheet #6 -- Communication Pathways 
(UFP-QAPP Manual Section 2.4.2) 
 

 
Communication Driver 

 
Responsible Affiliation 

 
Name 

 
Phone Number 
and/or E-Mail 

 
Procedure  

(timing, pathway to & from, etc.) 

Issues in the field that 
result in changes in 
scope of field work 

Tetra Tech FOL 

Tetra Tech PM 

Stan Conti 

Corey Rich 

(412) 921-8422 

(412) 921-8984 

FOL will inform PM verbally within one 
business day; PM will inform Navy RPM by 
close of next working day either verbally or 
via e-mail. Document the changes on a field 
task modification request (FTMR) form and 
obtain required approvals within 5 days of 
initiating the form. 

Identification of the need 
for a change in schedule 

Tetra Tech PM Corey Rich (412)  921-8984 
Inform Navy via schedule impact letter 
within 1 business day. 

Recommendation to 
stop work and initiate 
work upon corrective 
action 

Tetra Tech FOL/SSO 

Tetra Tech PM 

Tetra Tech QAM 

Tetra Tech HSM 

Navy RPM 

 

Stan Conti 

Corey Rich 

Tom Johnston 

Matt Soltis 

Terese Van Donsel 

 

(412) 921-8422 
(412) 921-8984 

(412) 921-8615  

(412) 921-8912 

(847) 688-2600 
X 136  

Responsible party informs subcontractors, 
the Navy, Illinois EPA, and Project Team 
(see Worksheet #9) within one business 
day via e-mail or verbally. 

Analytical data quality 
issues 

Trimatrix Laboratory PM 

Tetra Tech Project 
Chemist  

Gary Wood 

Leanne Ganser 

Terese Van Donsel 

 

(616) 940-4206  

(412) 921-8148 

(847) 688-2600 
x 136 

Person identifying issue notifies Project Chemist 
via e-mail within 1 business day, then notifies 
Data Validation Manager and PM via e-mail, as 
appropriate, within 1 business day.  Also notifies 
Navy RPM via e-mail within 5 business days.  
The Navy RPM will notify the NAVFAC Atlantic 
Chemist about significant laboratory issues so a 
determination can be made regarding if the 
laboratory is impacting other Navy projects. 

 
Notes: 
TBD – To be determined. 
 
 



Project-Specific SAP – Worksheet #7 Harbor Dredge Spoil Area Site 12 SAP Addendum 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: December 2012 

011107/P (Addendum) Page 16 of 47 CTO F27A 

SAP Worksheet #7 – Personnel Responsibilities and Qualifications Table 
(UFP-QAPP Manual Section 2.4.3) 

 

 
Name 

 
Title/Role Organizational 

Affiliation 
 

Responsibilities 

Brian Conrath RPM Illinois EPA 
Makes sure that investigation work and documentation is in 
compliance with applicable regulations. 

Terese Van 
Donsel 

Navy RPM Navy 
Manages project and coordinates Project Team (see Worksheet 
#9). 

Gary Wood Laboratory PM Trimatrix  
Primary laboratory contact; ensures analyses are performed in 
accordance with SAP protocols. 

Corey Rich PM Tetra Tech 
Oversees project, financial, scheduling and technical day-to-day 
management of the project.  Overall coordination of the project 
and document review. 

Lee Leck Data Manager Tetra Tech 
Assists in SAP preparation, makes sure that data management 
activities are performed in accordance with SAP procedures. 

Joseph 
Samchuck 

DVM Tetra Tech Manages data validation deliverables. 

Stan Conti FOL, SSO Tetra Tech Supervises, coordinates, and performs field sampling activities. 

Tom Johnston QAM Tetra Tech 
Assists in SAP preparation.  Makes certain of implementation of 
quality aspects of the CLEAN program. 

Leanne Ganser Project Chemist Tetra Tech 

Prepares laboratory scope, coordinates with laboratory, and 
performs data quality review.   Coordinates analyses with 
laboratory chemists, makes sure the scope is followed, reviews 
Quality Assurance (QA) data packages, and communicates with 
Tetra Tech staff. 

Matt Soltis HSM Tetra Tech Oversees CLEAN Program Health and Safety Program. 

 

In some cases, one person may be designated responsibilities for more than one position.  For work conducted under this UFP-SAP, the FOL will 
also be responsible for SSO and Site quality assurance (QA)/quality control (QC) responsibilities.  This action will be performed only as 
credentials, experience, and availability permits. 
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SAP Worksheet #8 -- Special Personnel Training Requirements Table 
(UFP-QAPP Manual Section 2.4.4) 
 
Each site worker will be required to have completed appropriate Hazardous Waste Operations and 

Emergency Response (HAZWOPER) training specified in Occupational Safety and Health Administration 

(OSHA) 29 Code of Federal Regulations (CFR) 1910.120(e).  Project-specific safety requirements are 

addressed in greater detail in the site-specific APP. 

 

Safety requirements are addressed in greater detail in the site-specific Tetra Tech APP for Phase 2 

sampling efforts included in Appendix A.  
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SAP Worksheet #9 -- Project Scoping Session Participants Sheet 

(UFP-QAPP Manual Section 2.5.1) 
 
 
See Appendix D for project scoping session details related to Phase 1 of the Site 
12 RI. 
 

SAP Addendum for Phase 2: 

 

Through resolution of Illinois EPA’s December 8, 2011 comments on the draft RI Report, it was concluded 

that additional soil sampling was required to resolve potential soil to groundwater migration issues.  The 

response-to-comment document was submitted on October 9, 2012 and Illinois EPA provided a rebuttal 

letter on October 23, 2012.  Based on discussions between the Navy and Illinois EPA, it was agreed on 

October 23, 2012 that 8 additional soil samples will be collected and analyzed by Synthetic Precipitation 

Leaching Procedure (SPLP) for Metals.    
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SAP Worksheet #10 – Conceptual Site Model 

(UFP-QAPP Manual Section 2.5.2) 
 
10.1 SITE BACKGROUND 

See Appendix D for Site 12 background information.   

 

The results of Phase I of the RI were provided in the draft RI Report (Tetra Tech, 2011) and can be 

summarized as follows: 

 

Surface Soil: 

Benzo(a)pyrene (BaP) equivalents and associated polynuclear aromatic hydrocarbon (PAH) parameters: 

benzo(a)pyrene, benzo(b)fluoranthene, benzo (a)anthracene, and dibenzo(a,h)anthracene; and one 

pesticide, heptachlor, were detected at concentrations above Illinois Environmental Protection Agency 

(EPA) Tiered Approach to Corrective Action Objectives (TACO) Ingestion and/or Inhalation Remediation 

Objectives (Residential and/or Industrial).  Nine of the ten surface soil sampling locations had these 

TACO exceedances.   

 

 BaP equivalents exceeded the TACO residential ingestion Soil Remediation Objective value of 

90 µg/kg at nine of ten surface soil sampling locations, except for NTC12SB30. 

 

 Benzo(a)pyrene exceeded the TACO residential ingestion Soil Remediation Objective value of 

90 µg/kg at eight of ten surface soil sampling locations. This was all the sampling locations except the 

two shoreline sampling locations, NTC12SB24 and NTC12SB30. 

 

 Benzo(a)anthracene exceeded the TACO residential ingestion Soil Remediation Objective value of 

900 µg/kg at three of ten surface soil sampling locations. 

 

 Dibenzo(a,h)anthracene exceeded the TACO residential ingestion Soil Remediation Objective value 

of 90 µg/kg at four of ten surface soil sampling locations. 

 

 Heptachlor (Pesticide) exceeded the TACO residential ingestion Soil Remediation Objective value of 

100 µg/kg at one of ten surface soil sampling locations, NTC12SB25, at a value of 236 µg/kg. 

 
 No volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), polychlorinated 

biphenyl (PCBs), metals exceeded the TACO residential ingestion Soil Remediation Objective 

criteria. 
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 Based on a comparison of chemical concentrations in surface soil to criteria applicable to soil to 

groundwater migration [(background concentrations, TACO Soil to Groundwater Class 1, Non-TACO 

Migration to Groundwater Class 1, and Oak Ridge National Laboratory (ORNL)-based soil screening 

levels (SSLs)], no significant soil to groundwater migration potential was identified. 

 

Subsurface Soil: 

BaP equivalents and associated PAH parameters: Benzo(a)pyrene, benzo(b)fluoranthene, benzo 

(a)anthracene, dibenzo(a,h)anthracene, and Indeno(1,2,3-cd)Pyrene, and lead were detected at 

concentrations above Illinois EPA TACO Ingestion and/or Inhalation Remediation Objectives (Residential 

and/or Industrial).   

 

 BaP equivalents exceeded the TACO residential ingestion Soil Remediation Objective value of 

90 µg/kg at nine of ten subsurface soil sampling locations. 

 

 Benzo(a)pyrene exceeded the TACO residential ingestion Soil Remediation Objective value of 

90 µg/kg at six of ten subsurface soil sampling locations.  

 

 Benzo(b)fluoranthene exceeded the TACO residential ingestion Soil Remediation Objective value of 

900 µg/kg at three of ten subsurface soil sampling locations. 

 

 Benzo(a)anthracene exceeded the TACO residential ingestion Soil Remediation Objective value of 

900 µg/kg at three of ten subsurface soil sampling locations. 

 

 Dibenzo(a,h)anthracene exceeded the TACO residential ingestion Soil Remediation Objective value 

of 90 µg/kg at five of ten subsurface soil sampling locations. 

 

 Indeno(1,2,3-cd)Pyrene exceeded the TACO residential ingestion Soil Remediation Objective value 

of 900 µg/kg at one of ten subsurface soil sampling locations, NTC12SB28, at a value of 1330 µg/kg. 

 
 Lead exceeded the TACO residential ingestion Soil Remediation Objective value of 400 mg/kg, the 

TACO construction worker ingestion Soil Remediation Objective value of 700 mg/kg, and the TACO 

industrial commercial ingestion Soil Remediation Objective value of 800 mg/kg at 1 of 10 subsurface 

soil sampling locations, at NTC12SB29 at a value of 845J mg/kg. 

 

 No VOCs, SVOCs, PCBs, metals (other than lead) exceeded the TACO residential ingestion Soil 

Remediation Objective criteria. 
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 Based on a comparison of chemical concentrations in subsurface soil to criteria applicable to soil to 

groundwater migration (background concentrations, TACO Soil to Groundwater Class 1, Non-TACO 

Migration to Groundwater Class 1, and ORNL-based SSLs), iron, lead, and selenium were identified 

at concentrations that may result in soil to groundwater migration at unacceptable concentrations.  

Additional data are required to resolve this issue. 

 

10.2 HISTORICAL MAPS AND AERIAL PHOTOGRAPHS AND SITE DOCUMENTATION 

See Appendix D.  No new information was available to incorporate into the SAP Addendum.   

 

10.3 CONCEPTUAL SITE MODEL 

See Appendix D.  No changes were made to the conceptual site model. 

 

Potential Contaminants 

Based on an evaluation of the existing data and input from the Illinois EPA, the only remaining data gap is 

data to evaluate the potential for soil contaminants to migrate to groundwater.  For Phase 2 of the RI, the 

potential contaminants of concern are inorganics (primarily iron, lead, and selenium).  Using existing data, 

it was shown that these inorganics may mobilize and migrate from soil to groundwater.  No other 

contaminants were identified as a potential soil to groundwater migration concern.  

 

Hydrogeology 

See Appendix D. No changes were made to the description of Site 12 hydrogeology.   

 

Contaminant Migration Pathways 

See Appendix D.  No changes were made to the Site 12 contaminant migration pathways.   

 

Potential Receptors 

See Appendix D.  No changes were made to Site 12 potential receptors. 
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SAP Worksheet #11 -- Project Quality Objectives/Systematic Planning Process 

Statements  

(UFP-QAPP Manual Section 2.6.1) 
 

11.1 PROBLEM DEFINITION 

Based on an evaluation of the existing data and input from the Illionis EPA, the only remaining data gap is 

data to evaluate the potential for soil contaminants to migrate to groundwater.  For Phase 2 of the RI, the 

potential contaminants of concern are inorganics (primarily iron, lead, and selenium).  Using existing data, 

it was shown that these inorganics may mobilize and migrate from soil to groundwater.  No other 

contaminants were identified as a potential soil to groundwater migration concern. 

11.2 INFORMATION INPUTS 

To resolve the problem identified in Section 11.1, the following physical and chemical data will be 

collected at Site 12: 

 

1) Leachate data from subsurface soil samples are needed to determine SPLP Target Analyte List (TAL) 

metals concentrations (see Worksheet #15).  The sampling methods are presented in Worksheet 

#18, and the chosen analytical methods are presented in Worksheet #19.  Analytical methods were 

selected to provide enough sensitivity to support the attainment of project objectives.  

 
2) Locations of soil borings must be measured by a global positioning system (GPS) with sub-meter 

accuracy.  All horizontal surface coordinates will be surveyed using the North American Datum (NAD) 

83 SPCS Illinois East (feet) coordinate system.  All ground surface elevations will be reported using 

the North American Vertical Datum (NAVD) 1988. 

 

3) Lithology data for borings.  These data must be collected during boring operations and sampling must 

be done in accordance with Tetra Tech Standard Operating Procedures (SOPs) (SOP GH-1.5 in 

Appendix C) and Illinois state regulations. 

 
Project Action Limits 

The Site 12 RI requires the collection of chemical data that can be used to characterize the potential 

leachability of metals in subsurface soil.  The soil Project Action Limits (PALs) for the soil to groundwater 

migration issue are set at the lowest matrix-specific, risk-based or regulatory human health screening 

criteria appropriate for the site.  The complete list of applicable screening values for the selected analytes 

is presented in Worksheet #15.  The PALs for this investigation are as follows: 
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 USEPA, 2009.  Residential Regional Screening Levels for Chemical Contaminants in Soil at 

Superfund Sites developed by ORNL.  

 

 Illinois Pollution Control Board, 2007.  Title 35 of the Illinois Administrative Code (IAC) Section 742: 

TACO, Appendix C, Table A, B, C, Tier 1 Soil Remediation Objectives. 

 

To conduct the investigation of soil, the selected laboratory must be able to achieve limits of quantitation 

(LOQs) that are low enough to measure constituent concentrations below the PALs.  If the PAL is less 

than the method detection limit (MDL) for a particular analyte or analytes, this will require evaluation of 

these chemicals in the uncertainty section of the Risk Assessment Report and an evaluation by the 

Project Team as to whether additional analytical sensitivity must be obtained; otherwise results between 

the MDL and LOQ will be identified as estimated (“J” qualifier flag). 

 

11.3 STUDY BOUNDARIES 

Site 12 is spatially bounded by the former location of the sewage treatment plant on the north, an 

approximately 50-foot high wooded bluff on the west, a concrete pier on the south, and Lake Michigan on 

the east (See Figure 10-2 in Appendix D).  For this evaluation, the site will be evaluated as one exposure 

unit for the risk assessment.   

 

The focus of the second phase of investigation is subsurface soil.  Subsurface soil is defined to be soil 

from the bottom of the surface soil interval (6 inches bgs) to the depth where native soil is encountered.  

The soil of interest is soil at locations where past investigations have shown metal concentrations to be 

the greatest.  These are the areas with the greatest leaching potential for metals migrating from soil to 

groundwater. 

 

The Project Team plans to limit the second phase of investigation to a single field event.  Site 12 field 

activities will be conducted in late 2012. 

 

11.4  ANALYTIC APPROACH 

Decision rules are provided below for delineating contamination and for evaluating human health.   

 

Rule for Delineating Contamination 

For Phase 2, evaluation of soil to groundwater mobility will be accomplished by collecting subsurface soil 

samples adjacent to four locations that previously had the highest mass concentrations of inorganics.  

Two samples will be collected from discrete intervals at the four locations.  If all eight of the proposed 
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samples are collected, then no more samples will be collected and delineation is complete.  If 

impediments are encountered that do not allow collection of all eight samples, delineation will be 

considered incomplete and the Navy and Illinois EPA will discuss the need for additional data collection 

and plan accordingly. 

 

Rule for Delineating Contamination 

For the human health risk assessment (HHRA), the new soil data will be used to qualitatively evaluate soil 

to groundwater mobility.  The rules governing data use for the HHRA are as follows: 

 

 If all SPLP metals concentrations are less than the criteria, consider soil to groundwater contaminant 

mobility not to be a concern and finalize the RI report; and, no remedial alternative to address this 

issue will need to be developed in the FS. 

 

 If SPLP metals concentrations are greater than the criteria, conclude that contaminants may leach to 

groundwater at unacceptable concentrations and further evaluate the potential fate and transport of 

the metals and develop appropriate remedial alternatives (e.g., groundwater monitoring) in the FS to 

address this mobility issue. 

 

11.5 PERFORMANCE OR ACCEPTANCE CRITERIA 

For Phase 2, the Project Team agreed that eight additional soil samples would be collected to address 

the soil to groundwater migration potential for metals.  The sampling design was based on a judgmental 

approach utilizing data from past sampling events and knowledge of historical construction activities.  If 

the scheduled data are collected and no data quality deficiencies are identified that could compromise the 

use of the data, the data set will be considered adequate; otherwise the Project Team will evaluate an 

appropriate course of action to modify the project objectives or take action to fill the resulting data gaps. 

 

11.6 DATA COLLECTION PLAN 

The data collection design and rationale are presented in Worksheet #17. 
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SAP Worksheet #12 -- Measurement Performance Criteria Table Field Quality Control Sample  

(UFP-QAPP Manual Section 2.6.2) 
 

 

QC Sample Analytical Group Frequency 
Data Quality Indicators 

(DQIs) 
Measurement 

Performance Criteria 

QC Sample 
Assesses Error 

for Sampling (S), 
Analytical (A) or 

both (S&A) 

Cooler Temperature 
Indicator 

Metals only One per cooler. Representativeness 
Temperature between 2 
and 6 degrees Celsius 
(4 ± 2 °C). 

S 
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SAP Worksheet #13 -- Secondary Data Criteria and Limitations Table 

(UFP-QAPP Manual Section 2.7) 
 

Secondary Data 

 

Data Source 

 

Data Generator(s) How Data Will Be Used 
Limitations on Data 

Use 

Historical Aerial 
Photographs 

NS Great Lakes  
NS Great Lakes Aerial 
Photographs taken from 1939 to 
2002 

Aerial photographs were 
used to identify possible 
sources of contamination 
and active dates of use. 

No Limitations. 

Previous Site 
Investigation 

Dames & Moore 

Technical Memorandum on the 
Remedial Investigation 
Verification Step for the Naval 
Training Center, Great Lakes, 
Illinois, 1991 

Soil sampling locations and 
analysis data were used to 

help establish sampling 
locations and parameters 

for testing. 

VOC and metal data 
could not be 

validated and cannot 
be used; pesticide 

and PCB data were 
validated and can be 

used. 

Phase 1 of the RI Tetra Tech 

Draft Remedial Investigation 
Report for Site 12, Harbor 
Dredge Spoil Area, Naval Station 
Great Lakes, Great Lakes, 
Illinois, 2011 

Soil analytical data were 
used to establish sampling 
locations and parameters 

for testing.  Previously 
collected dat and the new 
SPLP data will be used 

togethr for complete the risk 
assessment. 

SPLP metals data 
was not collected 
previously; mass 
metals data were 

used to select 
sample locations 
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SAP Worksheet #14 -- Summary of Project Tasks 
(UFP-QAPP Manual Section 2.8.1)   
   
Site 12 RI Phase 2 field tasks are summarized below.  All data recording and management procedures 

are described in Worksheet #29 of the original RI SAP included in electronic format in Appendix D. 

 
 Mobilization/demobilization 

 Site-specific health and safety training (see APP) 

 Utility clearance/digging permit acquisition 

 Direct push technology (DPT) boring 

 Investigation-derived waste (IDW) management 

 Land surveying 

 Field decontamination procedures 

 Field documentation procedures 

 Analytical tasks 

 Data management tasks 

 
14.1 MOBILIZATION/DEMOBILIZATION 

Mobilization will consist of the delivery of all equipment, materials, and supplies to the site, the complete 

assembly in satisfactory working order of all equipment at the site, and the satisfactory storage at the site 

of all materials and supplies.  Tetra Tech will coordinate with the base to identify locations for the storage 

of equipment and supplies.   

 

Demobilization shall consist of the prompt and timely removal of all equipment, materials, and supplies 

from the site following the completion of work.  Demobilization will also include the cleanup and removal 

of waste generated during the investigation. 

 
14.2 UTILITY CLEARANCE/DIGGING PERMIT AQUISITION 

Potential underground utilities will be located and marked after a review of property maps and surface 

indications of utilities.  See SOP HS-1.0 in Appendix C for locating underground utilities.  The utility 

clearance will include contacting the Illinois one call system Joint Utility Locating Information for 

Excavators (JULIE) and NS Great Lakes Public Works personnel.  Digging permits will be obtained prior 

to conducting intrusive activities. 
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14.3 DPT BORING 

Soil will be collected from one interval: subsurface soils. Subsurface soil will be 6 inches below the 

ground surface to the depth where native soil is encountered. Soil sampling will occur at 4 locations using 

DPT at two depths per location.  Therefore, a total of 8 soil samples will be collected.  The sample depths 

were predetermined based on the results of Phase I of the RI.  The methodology for sample collection is 

described in SOP SA-2.5 in Appendix C.  All borings will be logged in accordance with SOP GH-1.5.  The 

sample numbering scheme will be in accordance with SOP CT-04.  Methods for recording data are 

included in SOP SA-6.3.  

 

14.4 INVESTIGATION-DERIVED WASTE MANAGEMENT 

IDW will consist of decontamination water from cleaning field equipment and soil cuttings.  Personal 

protective equipment (PPE), such as nitrile gloves or groundwater sampling tubing, will be disposed of as 

municipal waste and placed in a nearby dumpster.  All other IDW will be containerized by Tetra Tech in 

Department of Transportation (DOT) -approved (DOT specification 17C) 55-gallon drums, labeled as 

IDW, and stored in a centralized location.  Tetra Tech SOP SA-7.1 (Decontamination of Field Equipment) 

is provided in Appendix C and details general procedures for management and labeling of IDW.    

 

Under oversight by Tetra Tech, the drilling subcontractor(s) will be responsible for providing, filling, 

sealing, and moving the drums to a centralized area specified by the base point of contact during 

mobilization.  The drums must be generally clean prior to moving to the centralized storage area, and will 

be labeled by Tetra Tech with an IDW label (see Attachment A of Tetra Tech SOP SA-7.1 in Appendix C) 

as soon as possible after they are filled.  The drums will be arranged into rows (no more than two drums 

deep) by the drilling subcontractor(s), with liquids and solids segregated, for easy access. 

 

Site 12 IDW will be managed with IDW generated from the additional investigation of Site 5.  One 

composite IDW sample will be collected by Tetra Tech to characterize the solid waste for proper disposal.  

The IDW solid sample will be submitted to Trimatrix for toxicity characteristic leaching procedure (TCLP) 

VOCs, SVOCs, pesticides, herbicides, and metals and NS Great Lakes required analyses [British 

Thermal Unit (BTU); flash point; pH; reactive with acid, base, and water; reactive with cyanide and sulfide; 

PCBs; water content (karl fisher); and paint filter test].  One aqueous IDW sample of decontamination 

water will be submitted for analysis to Trimatrix for Target Compound List (TCL) SVOCs, Pesticides, 

PCBs, and TAL Metals. The samples will be submitted to the laboratory with a 7-day turnaround time.  

Analytical data for the two IDW samples will then be provided to NS Great Lakes for characterization of 

the solid and aqueous wastes and determination of proper disposal methods.  NS Great Lakes will be 

responsible for contracting an approved IDW vendor to properly dispose of the IDW drums.  Manifests for 
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the IDW disposal will be maintained by NS Great Lakes.  Copies of the manifest will be included in the RI 

report. 

 

14.6 LAND SURVEYING 

A GPS with sub-meter accuracy survey will be used to locate the soil sampling locations.  Horizontal 

locations shall be referenced to the Illinois State Plane Coordinate System (SPCS), North American 

Datum of 1983 (NAD 83).  Vertical locations (elevations) shall be referenced to mean sea level (MSL), 

North American Vertical Datum 1988 (NAVD 88).   

 

14.7 FIELD DECONTAMINATION PROCEDURES 

Sample containers that are certified clean will be provided by Trimatrix.  Decontamination of sampling 

equipment will be conducted prior to and between sampling at each location.  At each site, an 

abbreviated decontamination procedure consisting of a soapy water (laboratory-grade detergent) rinse 

followed by a deionized (DI) water rinse will be performed.  However, if free product is encountered, a 

more elaborate decontamination of equipment will be conducted in accordance with Tetra Tech 

SOP SA-7.1. 

 

14.8 FIELD DOCUMENTATION PROCEDURES 

Field documentation will be performed in accordance with SOP SA-6.3 presented in Appendix C. 

 

A summary of all field activities will be properly recorded in a bound logbook with consecutively numbered 

pages that cannot be removed.  Logbooks will be assigned to field personnel and will be stored in a 

secured area on base when not in use.   

 

At a minimum, the following information will be recorded in the site logbook: 

 

 Name of the person to whom the logbook is assigned. 

 Project name. 

 Project start date. 

 Names and responsibilities of on-site project personnel including subcontractor personnel. 

 Names, affiliations, and arrival/departure times of site visitors. 

 Descriptions and arrival/departure times of on-site equipment. 

 Sampling activity information and sample log sheet references. 

 Descriptions of subcontractor activities. 
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 Sample information including chain-of-custody form numbers and air bill numbers, carrier, time, and 

date. 

 Descriptions of borehole and monitoring well installation activities and operations. 

 Health and safety issues. 

 Descriptions of photographs including date, time, photographer, picture number, location, and 

compass direction of photograph, and what the photo is intending to show. 

 

All entries will be written in ink, and no erasures will be made.  If an incorrect entry is made, the person 

making the correction will strike a single line through the incorrect information, write in the correct 

information and initial and date the change. 

 

14.9 ANALYTICAL TASKS 

Chemical analysis will be performed by Trimatrix, who is a current Department of Defense Environmental 

Laboratory Accreditation Program (DoD ELAP) approved laboratory.  A copy of the laboratory certification 

for can be found in Appendix B.  Analyses will be performed in accordance with the analytical methods 

identified in Worksheet #19.  Trimatrix is expected to meet the PALs to the extent identified in 

Worksheet #15.  Trimatrix will perform chemical analysis following laboratory-specific SOPs 

(Worksheets #19 and #23) developed based on the analytical methods listed in Worksheets #19 and 

#30.   

 

14.10 DATA MANAGEMENT TASKS 

See Appendix D.  No changes to data management tasks are expected for the Phase 2 tasks.   
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SAP Worksheet #15 -- Reference Limits and Evaluation Table 

(UFP-QAPP Manual Section 2.8.1) 
 
Matrix: Soil 
Analytical Group: SPLP TAL Metals 
 

 
Analyte 

CAS Number PAL 
PAL 

Reference
(1)

 

Project 
Quantitation 
Limit Goal 
(PQLG)

(2)
 

Trimatrix 

LOQ 
Limit of 

Detection 
(LOD) 

Detection 
Limit (DL)       

SPLP METALS (µg/L)   
      ALUMINUM 7429-90-5 23000 ORNL 8000 100 50 13 

ANTIMONY 7440-36-0 6.0 IL TACO 2.0 1 0.5 0.15 

ARSENIC 7440-38-2 50 IL TACO 17 1 0.5 0.18 

BARIUM 7440-39-3 2000 IL TACO 670 10 10 2.7 

BERYLLIUM 7440-41-7 4.0 IL TACO 1.3 1 0.5 0.11 

CADMIUM 7440-43-9 5.0 IL TACO 1.7 0.2 0.1 0.038 

CALCIUM 7440-70-2 NC IL TACO NC 500 500 230 

CHROMIUM
3
 7440-47-3 100 IL TACO 33 1 0.5 0.2 

COBALT 7440-48-4 1000 IL TACO 330 10 10 3.6 

COPPER 7440-50-8 650 IL TACO 220 10 10 3.8 

IRON 15438-31-0 5000 IL TACO 1700 10 10 6.5 

LEAD 7439-92-1 7.5 IL TACO 2.5 1 0.5 0.15 

MAGNESIUM 7439-95-4 NC IL TACO NC 500 500 140 

MANGANESE 7439-96-5 150 IL TACO 50 10 10 2.8 

MERCURY 7439-97-6 2.0 IL TACO 0.67 0.2 0.1 0.055 

NICKEL 7440-02-0 100 IL TACO 33 10 10 3.8 

POTASSIUM 7440-09-7 NC IL TACO NC 100 100 33 

SELENIUM 7782-49-2 50 IL TACO 17 1 1 0.31 

SILVER 7440-22-4 50 IL TACO 17 10 10 4.1 

SODIUM 7440-23-5 NC IL TACO NC 500 1,000 59 

THALLIUM 7440-28-0 2.0 IL TACO 0.67 1 0.1 0.027 

VANADIUM 7440-62-2 49 IL TACO 16 10 10 3 

ZINC 7440-66-6 5000 IL TACO 1700 20 10 4.9 
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Notes: 
µg/L = Micrograms per liter 
CAS = Chemical Abstract Service 
IL = Illinois 
NC = Not Criteria 
TACO = Tiered Approach to Corrective Action Objectives 
 
1 – The PAL is the lower of the EPA Residential Regional Screening Levels for Chemical Contaminants in Soil at Superfund Sites developed by 
Oak Ridge National Laboratory (2009) and Illinois EPA TACO, Appendix C, Tables A, B, C Tier 1 Soil Remediation Objectives. 
2 - The PQLG is ⅓ the value of the PAL. 
  
 
MDLs, LODs, and LOQs can vary.  If the PAL falls below the actual MDL for a particular analyte or analytes, this will require evaluation of these 
chemicals as stated in Appendix B, HHRA Work Plan in the uncertainty section of the Risk Assessment Report.  
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SAP Worksheet #16 -- Project Schedule/Timeline Table  
(UFP-QAPP Manual Section 2.8.2) 
 

 
Activity 

 
Organization 

Dates   
Deliverable 

 
Deliverable 
Due Date Anticipated Date  

of Initiation 
Anticipated Date of 

Completion 

Draft UFP-SAP/Field Sampling 
Plan/APP 

Tetra Tech 10/29/12 11/21/12 Draft UFP-SAP 11/21/12 

Navy Review  NAVFAC Midwest  11/22/12 12/12/12 Navy Comments  12/12/12 

Resolve Comments Tetra Tech 12/13/12 12/17/12 Response to Comments  

Final UFP- SAP/Field Sampling 
Plan/APP 

Tetra Tech 12/18/12 12/20/12 Final UFP-SAP 12/20/12 

Field Work and Chemical analysis Tetra Tech and Trimatrix 12/21/12 01/18/13 None 01/18/13 

Field Data Review Tetra Tech 01/18/13 01/23/13 None 01/23/13 

Data Validation Tetra Tech 01/18/13 02/11/13 None 02/11/13 

Data Analysis and 
Interpretation/Draft Final RI 
Report 

Tetra Tech 02/12/13 03/01/13 Draft Final RI Report 03/01/13 

Navy and Regulatory Review Navy and Illinois EPA 03/02/13 04/02/13 None 04/02/13 

Resolve Comments Tetra Tech 04/03/13 05/02/13 Response to Comments 05/02/13 

Final RI Report Tetra Tech 05/03/13 05/22/13 Final RI Report 05/22/13 
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SAP Worksheet #17 -- Sampling Design and Rationale 

(UFP-QAPP Manual Section 3.1.1) 
 
Site 12 is an area where spoils from harbor dredging activities were suspected to be placed.  The area is 

vegetated and serves as recreational area with a picnic pavilion, picnic tables, and access to 

approximately 500 feet of Lake Michigan shoreline.  Previous sampling activities, including the first phase 

of the Site 12 RI, were performed and generally completed characterization of the nature and the extent 

of contamination of the spoil.  The only exception is characterization of the potential for metals in the soil 

to leach and migrate to groundwater.  

 

The sampling objective is to determine if past dredge disposal activities have contributed to unacceptable 

contaminant concentrations in soil at the site that could leach and migrate to groundwater.  A judgmental 

sampling approach will be used to evaluate contamination in the suspected source area, as discussed 

below.  Figure 17-1A shows the locations of the proposed soil boring samples.  Worksheet #18 provides a 

detailed description of the sampling methods to be used at Site 12.  Field QC samples, including matrix 

spike/matrix spike duplicates (MS/MSD), will be collected as outlined in Worksheet #20.  Samples will be 

analyzed for a select list of chemicals, as presented in Worksheet #15. 

 

Two soil samples each will be collected from four sampling locations where the highest mass 

concentrations of metals were detected in soil samples previously collected during the first phase of the 

RI.  The selected soil data collection design is based on a judgmental approach which utilized past 

sampling data and knowledge of the Site.   This approach will provide good spatial coverage, and 

conservative information regarding the leachability of metals from Site 12 soil.  A total of eight samples 

are considered sufficient to address the soil to groundwater mobility issue.  A DPT rig will be used to 

obtain the eight subsurface soil samples.  Each soil boring will be extended to the appropriate depths 

(ranges from 2 to 7 feet bgs) to collect the required soil samples.  The characteristics of the soil in the 

boring will be noted in the field logs, including the texture of the soil at each depth.  The subsurface soil 

samples will be collected from discrete 2-foot intervals from the boring.  It is intended that all soil samples 

will be collected in the unsaturated zone above the water table.  Eight subsurface soil samples will be 

analyzed for SPLP metals.   
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SAP Worksheet #18 -- Sampling Locations and Methods/SOP Requirements Table 

(UFP-QAPP Manual Section 3.1.1) 
 
 

 
Sampling Location/ID 

Number
 

 
Matrix 

 
Depth (feet bgs) 

 
Analytical Group 

 

Number of 
Samples 

 
Sampling SOP 

Reference 

NTC12-SB31-XXXX Soil 
3-5 feet  

 
5-7 feet 

SPLP TAL Metals 2 
HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

NTC12-SB32-XXXX Soil 
2-4 feet  

 
4-6 feet 

SPLP TAL Metals 2 
HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

NTC12-SB33-XXXX Soil 
2-4 feet  

 
4-6 feet 

SPLP TAL Metals 2 
HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

NTC12-SB34-XXXX Soil 
2-4 feet  

 
4-6 feet 

SPLP TAL Metals 2 
HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 
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SAP Worksheet #19 -- Analytical SOP Requirements Table 

(UFP-QAPP Manual Section 3.1.1) 
 

 
Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Leachate Samples 
SPLP Metals 
(including 
mercury) 

SW-846  3005A/1312 

6010C,  SW-846 7470A,  One 500-mL plastic 
bottle 

50 mL 
Nitric acid (HNO3) to 
pH <2; Cool to 0 to 
6 °C 

180 days to 
analysis except 
mercury which is 
28 days to analysis 

Soil 
SPLP TAL Metals 
(including 
mercury) 

SW-846 3050B/1312 
6010C, SW-846 7471A   
 

One 4-oz glass jar with 
a Teflon-lined lid 

1 to 2 grams Cool to 0 to 6 °C 

180 days to 
analysis except 
mercury which is 
28 days to analysis 

 

1 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted. 
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SAP Worksheet #20 -- Field Quality Control Sample Summary Table 

(UFP-QAPP Manual Section 3.1.1) 
  

 

 
Matrix 

 
Analytical 

Group 

 
No. of 

Sampling 

Locations
1
 

 
No. of Field 
Duplicates  

No. of 

MS/MSDs
2
 

 
No. of 
Field 

Blanks  

 
No. of 
Equip. 
Blanks 

 
No. of 

Volatile 
Organic 

Analysis Trip 
Blanks  

 
No. of 

Proficiency 
Test 

Samples 

 
Total No. 

of Samples 
to Lab 

Soil 
(Subsurface) 

SPLP TAL 
Metals 

8 0 1/1 0 0 0 0 8 
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SAP Worksheet #21 -- Project Sampling SOP References Table 

(UFP-QAPP Manual Section 3.1.2) 
 
 

 
Reference 
Number 

 
Title, Revision Date, and/or 

Number 

 
Originating 

Organization of 

Sampling SOP 

 
Equipment Type 

 
Modified for 

Project 
Work? 

 
Comments 

CT-04 
Sample Nomenclature,  
01/12 Rev.3 

Tetra Tech NA Y 

Refer to 
Appendix C 

of SAP 
(Tetra Tech, 

2012) for 
field SOPs 

 

CT-05 
Data Base Records and Quality 
Assurance, 01/12 Rev. 3 

Tetra Tech NA N 

GH-1.5 
Borehole and Sample Logging,  
01/12 Rev. 2 

Tetra Tech DPT drill rig N 

HS-1.0 
Utility Locating and Excavation 
Clearance, 01/12 Rev. 3 

Tetra Tech 
Remote subsurface sensing, 

magnetometer, ground-
penetrating radar, etc. 

Y 

SA-1.3 Soil Sampling, 01/12 Rev. 9 Tetra Tech DPT drill rig Y 

SA-2.5 
Direct Push Technology,      
01/12 Rev. 4 

Tetra Tech DPT drill rig Y 

SA-6.1 
Non-Radiological Sample Handling, 
01/12 Rev. 4 

Tetra Tech 
Sample bottleware, packaging 

material, shipping materials 
N 

SA-6.3 Field Documentation, 01/12 Rev. 4 Tetra Tech 
Field logbook, field sample 

forms, boring logs 
Y 

SA-7.1 
Decontamination of Field Equipment, 
01/12 Rev. 7 

Tetra Tech 
Decontamination equipment, 

scrub brushes, phosphate-free 
detergent, DI water 

Y 
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SAP Worksheet #23 -- Analytical SOP References Table 

(UFP-QAPP Manual Section 3.2.1) 
 

 
Laboratory 

SOP 
Number 

 
Title, Revision Date, 

and / or Number 

 
Definitive 

or 
Screening 

Data 

 
Matrix and 

Analytical Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

Variance to 
QSM? (Y/N) 

 
Modified for 

Project Work?
1 

(Y/N) 

GR-01-100 

Inductively Coupled 
Plasma (ICP) Atomic 

Emission Spectroscopy 
(AES), 9/20/11 --  rev. 5.9 

6010C 

Definitive 
Leachate and Soil 

Metals 

Perkin Elmer ICP 
3000 

3300DV 
5300DV 

TriMatrix 

 
 

N N 

      

 

 

GR-01-123 

Mercury by Semi-
Automated Cold Vapor 

Atomic Absorption 9/25/11 
--  rev. 5.8, 7470A/7471A 

Definitive 
Leachate and Soil 

Mercury 

PSA Millenium Cold 
Vapor Mercury 

Analyzer 
TriMatrix 

 
 

N 
N 
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Laboratory 

SOP Number 

 
Title, Revision Date, 

and / or Number 

 
Definitive or 

Screening Data 

 
Matrix and 

Analytical Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Variance to 

Quality 
Systems 

Manual (QSM)? 
(Y/N) 

 
Modified for Project 

Work?
1 

(Y/N) 

GR-01-147 

Block Digestion for 
Total Metals in Water 

for ICP, 9/15/12 --  rev. 
0.5  3010A 

Definitive 
Water 
Metals 

Environmental 
Express Hot Block 

TriMatrix 

 
 

N 
N 

GR-01-148 

Block Digestion of 
Aqueous Samples and 

Extracts for  
Total/Dissolved Metals 
for ICPMS, 10/20/11 --  

rev. 0.4  3020A 

Definitive 
Water 
Metals 

Environmental 
Express Hot Block 

TriMatrix 

 
 

N 
N 

GR-01-137 

Block Digestion of 
Solids for ICP and 
ICPMS, 10/31/12 --  

rev. 1.7  3050B 

Definitive 
Soil 

Metals 
Environmental 

Express Hot Block 
TriMatrix 

 
 

N 
N 

GR-01-140 

Digestion of Mercury in 
Water, Wastewater, 
and Aqueous Waste, 
01/09/12 --  rev. 0.4  

7470A 

Definitive 
Water 

Mercury 
Environmental 

Express Hot Block 
TriMatrix 

 
 

N N 

GR-01-139 

Block Digestion of 
Mercury in Soil, Waste, 

and Oil, 01/09/12 --  
rev. 0.2  7471A 

Definitive 
Soil 

Mercury 

Environmental 
Express Hot Block 

 
TriMatrix 

 
 

N 
N 
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SAP Worksheet #24 -- Analytical Instrument Calibration Table  

(UFP-QAPP Manual Section 3.2.2) 

 

Instrument 
Calibration 
Procedure 

Frequency of 
Calibration 

Acceptance Criteria Corrective Action (CA) 
Person 

Responsible 
for CA 

SOP 

Reference 

ICP-AES 
Metals  

Initial calibration 
(ICAL) - a 1-
point calibration 
per 
manufacturer's 
guidelines is 
prepared for all 
target analytes 

At the beginning 
of each day, or if 
the QC is out of 
criteria, prior to 
sample analysis. 

None; only one high standard and a 
calibration blank must be analyzed.  If 
more than one calibration standard is 
used, r must be ≥ 0.995. 

Recalibrate and/or perform 
the necessary equipment 
maintenance.  Check the 
calibration standards.  
Reanalyze the affected data. 

Analyst/ 
Supervisor 

GR-01-100 

 

ICV – Second 
Source 

Following ICAL, 
prior to the 
analysis of 
samples. 

The percent recovery (%R) of all target 
analytes must be within 90-110% of true 
value. 

Investigate reasons for 
failure, reanalyze once. If still 
unacceptable, correct 
problem and repeat ICAL. 

Analyst/ 
Supervisor 

Continuing 
Calibration 
Verification 
(CCV) 

At the beginning 
and end of the 
sequence and 
after every 
10 samples. 

The %R must be within 90-110% of true 
value. 

Recalibrate and/or perform 
the necessary equipment 
maintenance.  Check the 
calibration standards.  
Reanalyze all affected 
samples. 

Analyst/ 
Supervisor 

 Initial Calibration 
Blank (ICB) 

Before beginning 
a sample 
sequence. 

No target analytes detected > LOD. Correct the problem, then 
re-prepare and reanalyze. 

Analyst / 
Supervisor 

 

CCB After the initial 
CCV, after every 
10 samples, and 
at the end of the 
sequence. 

No target analytes detected > LOD. Correct the problem, then 
re-prepare and reanalyze 
calibration blank and all 
affected samples. 

Analyst / 
Supervisor 

Low-Level 
Check Standard 
(if using 1-point 
ICAL) – not for 
mercury 

Daily after 1-point 
ICAL and before 
samples. 

The %R must be within 80-120% of true 
value. 

Investigate and perform 
necessary equipment 
maintenance. Recalibrate 
and reanalyze all affected 
samples. 

Analyst / 
Supervisor  
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Instrument 
Calibration 
Procedure 

Frequency of 
Calibration 

Acceptance Criteria Corrective Action (CA) 
Person 

Responsible 
for CA 

SOP 

Reference 

Interference 
Check 
Standards (ICS 
– ICS A and ICS 
B) – not for 
mercury 

At the beginning 
of an analytical 
run. 

ICS A recoveries must be within the 
absolute value of the LOD; and ICS B 
recoveries must be within 80-120 %R of 
true value. 

Terminate analysis; locate 
and correct problem; 
reanalyze ICS. 

Analyst / 
Supervisor 

Flow Injection 
Analyzer 
Mercury 

ICAL – A 
minimum of a 5-
point calibration 
curve is 
prepared 

Perform daily 
prior to sample 
analysis. 

The relative standard deviation (RSD) for 
RFs must be ≤ 20%, or r must be ≥ 0.995. 

Correct problem then repeat 
ICAL.  No samples may be 
run until ICAL has passed.  

Analyst/ 
Supervisor 

GR-01-123 

 

ICV – Second 
Source 

Following ICAL, 
prior to the 
analysis of 
samples. 

The %R must be within 90-110% of true 
value. 

Correct problem and verify 
ICV.  If that fails, correct 
problem and repeat ICAL.  
No samples may be run until 
ICV has been verified. 

Analyst/ 
Supervisor 

Calibration 
Blank 

One is performed 
at the beginning 
of analytical 
sequence, after 
every 10 samples, 
and at the end of 
the sequence. 

The target analyte concentration must be 
< LOD. 

Re-prepare and analyze all 
associated samples. 

Analyst/ 
Supervisor 

CCV Perform after 
every 10 samples 
and at the end of 
the analytical 
sequence. 

The %R must be within 80-120% of true 
value. 

Correct problem and rerun 
CCV.  If that fails, repeat 
ICAL and reanalyze all 
samples analyzed since the 
last successful CCV. 

Analyst/ 
Supervisor 

CCV 
(undistilled) 

CCV (undistilled) 
at the beginning 
and end of each 
run sequence and 
after every 10 
samples. 

The %R must be within 90-100% of true 
value. 

If the CCV (undistilled) fails 
high, report samples that are 
<LOQ.  Recalibrate and/or 
reanalyze samples back to 
last acceptable CCV. 

Analyst/ 
Supervisor 

 

 
 



Project-Specific SAP – Worksheet #25 Harbor Dredge Spoil Area Site 12 SAP Addendum 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: December 2012 

011107/P (Addendum) Page 43 of 47 CTO F27A 

SAP Worksheet #25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table  

(UFP-QAPP Manual Section 3.2.3) 
 
 

 

Instrument /  
Equipment 

 

Maintenance 
Activity 

 

Testing Activity 

 

Inspection 
Activity 

 

Frequency 

 

Acceptance 
Criteria 

 

Corrective 
Action 

 

Responsible  
Person2 

 

SOP 
Reference1 

Perkin Elmer  

Optima ICP 

3000 

3300DV 

5300DV  

Replace pump 
tubing and clean 
filters. 

Metals 

Inspect torch 
visually, 
disassemble 
torch assembly 
and replace 
worn or 
damaged parts. 

Replace pump tubing 
and inspect torch daily. 
Clean filters weekly.  
Disassemble torch every 
6-8 weeks or as needed. 

Per instrument 
manufacturer’s 
instructions.  

Inspect torch 
assembly and 
replace any 
worn or 
damaged 
parts. Clean 
or replace 
nebulizer and 
aluminum 
injector. 

Metals Analyst GR-01-100 

PSA Millenium 

Mercury 
Analyzer 

Flush all tubing, 
replace pump 
tubing, replace 
Perma-pure drying 
system membrane 
or entire assembly, 
replace activated 
charcoal in 
exhaust line. 

Mercury 

Check for 
discoloration in 
Perma-pure 
drying system. 

Flush tubing daily. 
Change tubing at least 
weekly. Check Perma-
pure  system for 
discoloration monthly. 
Replace Perma-pure 
inner membrane every 
six months. Replace 
charcoal annually. 

Per instrument 
manufacturer’s 
instructions.  

Inspect 
system and 
correct 
problem. 

Metals Analyst GR-01-123 
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SAP Worksheet #26 -- Sample Handling System 

(UFP-QAPP Manual Appendix A) 
 

SAMPLE HANDLING SYSTEM 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):  Tetra Tech 

Sample Packaging (Personnel/Organization): Tetra Tech 

Coordination of Shipment (Personnel/Organization):  Tetra Tech 

Type of Shipment/Carrier: Federal Express 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization): TriMatrix Laboratories, Inc. Sample Receiving Group 

Sample Custody and Storage (Personnel/Organization): TriMatrix Laboratories, Inc. Sample Receiving Group 

Sample Preparation (Personnel/Organization):  TriMatrix Laboratories, Inc. Metals Preparation Laboratory Personnel. 

Sample Determinative Analysis (Personnel/Organization):  TriMatrix Laboratories, Inc. Metals Analysts. 

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection): All field samples are placed into cold storage immediately upon receipt at the 
laboratory. 
Sample Extract/Digestate Storage (No. of days from extraction/digestion):  Sample extracts held for minimum 60 days after extraction. Sample 
digestates held for a minimum of two weeks after digestion (This is due to storage limitations. If necessary to reanalyze a sample beyond this, the 
sample will be redigested). 

Biological Sample Storage (No. of days from sample collection):  Not applicable. 

SAMPLE DISPOSAL 

Personnel/Organization:  TriMatrix Laboratories, Inc. Sample Receiving Group 
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SAP Worksheet #28 -- Laboratory QC Samples Table 

(UFP-QAPP Manual Section 3.4) 
 
 

Matrix 
Soil and Leachate 

Samples 
     

Analytical Group 
Metals (including Mercury 
and Dissolved Iron and 
Manganese) 

     

Analytical 
Method/SOP 
Reference 

SW-846 6010C, 
7470A, 7471B/       

QC Sample Frequency/Number 
Method/SOP QC 

Acceptance Limits 
CA 

Person(s) 
Responsible for 

CA 
DQI MPC 

Method Blank One per digestion batch 
of 20 or fewer samples. 

No analytes detected 
> ½ the LOQ. 

If the blank value > LOQ, then report 
sample results.  If the blank value < 
LOQ or > 10x the blank value; then 
redigest. If blank value is less than 
negative LOQ, then report sample 
results.  If > 10x the absolute value of 
the blank result, then redigest. 

Analyst, 
Supervisor 

Bias/ 
Contamination 

Same as QC 
Acceptance Limits. 

Laboratory Control 
Sample (LCS) 

One is performed for 
each batch of up to 20 
samples. 

The %R must be 
within 80-120%. 

Redigest and reanalyze all associated 
samples for affected analyte. 

Analyst, 
Supervisor 

Accuracy/ Bias Same as QC 
Acceptance Limits. 

MS One per preparation 
batch of 20 or fewer 
samples of similar matrix. 

%R should be within 
80-120% of true value 
(if sample is < 4x 
spike added). 

Flag results for affected analytes for 
all associated samples with “N”. 

Analyst, 
Supervisor 

Accuracy/ Bias Same as QC 
Acceptance Limits. 

Duplicate Sample One per preparation 
batch of 20 or fewer 
samples of similar matrix. 

The relative percent 
difference (RPD) 
should be within ≤20% 
for duplicate samples 
for both water and 
soils. 

Narrate any results that are outside 
control limits. 

Analyst, 
Supervisor 

Precision Same as QC 
Acceptance Limits. 
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Matrix 
Soil and Leachate 

Samples 
     

Analytical Group 
Metals (including Mercury 
and Dissolved Iron and 
Manganese) 

     

Analytical 
Method/SOP 
Reference 

SW-846 6010C, 
7470A, 7471B/       

QC Sample Frequency/Number 
Method/SOP QC 

Acceptance Limits 
CA 

Person(s) 
Responsible for 

CA 
DQI MPC 

Serial Dilution 
(applies to ICP 
only) 

One is performed for 
each preparation batch 
with sample 
concentration(s) > 50x 
LOQ. 

The 5-fold dilution 
result must agree 
within 10 percent 
difference of the 
original sample result 
if result is >50x LOD. 

Perform Post Digestion Spike. Analyst, 
Supervisor 

Precision Same as QC 
Acceptance Limits. 

Post Digestion 
Spike (applies to 
ICP only) 

One is performed when 
serial dilution fails or 
target analyte 
concentration(s) in all 
samples are < 50x LOD. 

The %R must be 
within 75-125% of 
expected value to 
verify the absence of 
interference.  Spike 
addition should 
produce a 
concentration of 10-
100x LOQ. 

Flag results for affected analytes for 
all associated samples with “J”. 

Analyst, 
Supervisor 

Accuracy/ Bias Same as QC 
Acceptance Limits. 

Results between 
DL and LOQ 

NA. Apply “J” qualifier to 
results between DL 
and LOQ.  

NA. Analyst, 
Supervisor 

Accuracy Same as QC 
Acceptance Limits. 
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1.0  SIGNATURE SHEET 

By their signature, the undersigned hereby certify that this Accident Prevention Plan (APP) has been 

prepared using the latest available information regarding known or suspected chemical contaminants and 

potential physical hazards associated with the proposed work at the site, and has been reviewed and 

approved for use during field operations at the field activities at Site 12, to be conducted at the at Naval 

Station Great Lakes, Great Lakes, Illinois. 

 

 

Clyde Snyder  
Plan Preparer 

(412) 921-8904 
 
 
 
 
 

John Trepanowski, P.E Vice President – Plan Approval 
 
 
 
 
 
 

Matthew M. Soltis, CIH, CSP  
Vice President and Program Health and Safety Manager – Plan Concurrence  

 
 
 
 
 
 

Corey Rich, PE, Project Manager – Plan Concurrence 
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2.0  BACKGROUND INFORMATION 

2.1 CONTRACTOR 

Tetra Tech, Inc. (Tetra Tech) will conduct the field activities identified in the APP. 
 

2.2 CONTRACT NUMBER 

N62470-08-D-1001, Comprehensive Long-term Environmental Action Navy (CLEAN), Contract Task 

Order (CTO) F27A. 

 

2.3 PROJECT NAME 

Site 12 Harbor Dredge Spoil Area, Naval Station Great Lakes, Great Lakes, Illinois. 

 

2.4 PROJECT DESCRIPTION 

This Accident Prevention Plan (APP) has been prepared to support site investigation activities. For 

Phase 2, evaluation of soil to groundwater mobility will be accomplished by collecting subsurface soil 

samples adjacent to four locations that previously had the highest mass concentrations of inorganics.  

Two samples will be collected from discrete intervals at the four locations.   

 

2.5   DESCRIPTION OF WORK TO BE PEFORMED AND LOCATION 

Environmental Field Services, (EFS) will perform drilling using a Geoprobe® Model 6620DT, track-

mounted, Direct Push Technology (DPT)/Hollow-Stem Auger (HSA) unit and will be utilized to collect the 

samples and to install the wells. They will collect soil samples at six (6) boring locations selected by Tetra 

Tech. The borings will be extended to a depth of 25-feet below grade, or until groundwater is reached, 

and sampled continuously from the surface to the base of the boring. Soil samples will be obtained from 

each boring using 2.125-inch outside diameter (OD), 48-inch, outer-casing probe rods, utilizing 1-inch 

OD, 48-inch long, inner drill rods with a 48-inch soil liner attached to the end of the rod string. Soil 

samples will be collected by pushing the outer and inner rods simultaneously, to the desired depth with 

the direct push unit and recovering a 46-inch section of undisturbed soil within a 1.125-inch OD acetate 

liner, inside the drill rods. The soil sample attached to the inner rods will be removed, leaving the outer 

casing at depth. Following collection, each section of the sample will be presented to the onsite Tetra 

Tech representative while in the liner.  
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Each boring, not converted into a well, will be back-filled with medium bentonite chips from the base of 

the boring to approximately 6-inches below grade and the appropriate surface completion will be installed 

to the surface.  

 

The drilling equipment that is exposed to soil or groundwater will be decontaminated before each use. 

Decontamination of equipment will involve a detergent water wash and tap water rinse. The 

decontamination rinsate and soil cuttings will be placed in DOT approved 55-gallon drums provided by 

EFS. The drums will be stored onsite to await disposal by Tetra Tech. 

 

2.5.1 Location 

The Naval Station Great Lakes is located in Lake County, Illinois, on the shore of Lake Michigan about 

50 miles north of downtown Chicago. Dedicated in 1911, Naval Station Great Lakes is the largest naval 

training center in the United States. Naval Station Great Lakes consists of approximately 1,650 acres with 

over 1,000 buildings. 

 

2.5.1.1 Site 12 (Harbor Dredge Spoil Area) 

Site 12, the harbor dredge spoil area is approximately four acres located in a flat area on the shore of the 

naval training center outer harbor. The area is bounded by the lake on the east, beach to the north and 

south, and by an approximately 50-foot high bluff on the west. The area was used to deposit sediment 

from harbor dredging activities that occurred during in the 1950s and 1970s. In addition, the site has 

reportedly accepted demolition debris and other waste over the years. The area is currently grassed and 

is used for picnic and recreational purposes.   

 

The Inner Harbor sediments are contaminated with heavy metals, PCB, and oils. The source of these 

contaminants was identified as the industries located upstream from the activity. Hazardous wastes 

generated by private industry upstream of the activity may have entered the harbor, and these wastes 

may pose a threat to the environment, even though there is no history of direct dumping in the harbor. 

Similarly, the sediments dredged from the harbor may contain concentrations of hazardous mate. See 

Figure 2-1. 

 

2.6 PHASES OF WORK REQUIRING ACITIVITY HAZARD ANALYSIS (AHA)  

The specific tasks anticipated to be involved with this effort are listed below:  

 

• Mobilization/Demobilization 

- Utility Clearance 
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• Surface and Subsurface soil sampling via Direct Push Technology (DPT) 

- Monitoring Well Installation  

- Sub Surface Soil Sampling 

• Decontamination 

• Investigation-Derived Waste (IDW) Management 
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3.0  STATEMENT OF SAFETY AND HEALTH POLICY 

Tetra Tech is committed to providing our employees with a safe and healthful workplace.   It is the goal of 

Tetra Tech to continue excellent safety performance on Naval Facilities Engineering Command 

(NAVFAC) contracts to support the Navy in their safety efforts.  Specifically, Tetra Tech will perform work 

in a manner that is consistent with the Zero Incident Philosophy.  It is our goal to plan and perform the 

work in a manner that integrates safety and health considerations so that worker injuries or illnesses, 

environmental releases/impacts, or property damage are eliminated.  In addition to the line and staff 

management functions described in this APP each individual performing work under this contract has the 

responsibility for his/her own personal health and safety, as well as for assisting in assuring the health 

and safety of co-workers.  This element is also the first one listed in our corporate Health and Safety 

Policy Statement, which requires that employees “recognize a personal responsibility for their own health 

and safety and for actions that affect the health and safety of fellow employees."  This employee 

responsibility includes observing specified health and safety requirements and communicating with the 

designated SSO on matters such as the effectiveness of specified control measures, identification of new 

potential hazards, and other related issues.  

 

An employee’s failure to adhere to the requirements of this APP or to observe specified safety 

requirements and restrictions, or to properly use identified protective equipment may lead to injury or 

illness.  As a result, deviation from safety and health procedures is not tolerated.  Failure to comply with 

health and safety procedures and requirements will lead to reprimand up to and including dismissal.   

 

Health and safety-related information is communicated to employees through meetings, postings, written 

communications, and reporting of hazards.   

 

This APP establishes the requirements that the SSO must follow to respond to changing conditions by 

knowing when to stop work and call for additional guidance from a Certified Industrial Hygienist 

(CIH)/Certified Safety Professional (CSP). The Project Health and Safety Manager (PHSM) will provide 

the SSO with additional information, or request additional information, in order to fully evaluate the 

situation. This type of communication provides the SSO with the necessary support and knowledge to 

equip the workers with the required protection either through adjustment to the work procedures, or 

through additional techniques, tools, or equipment. Personal protective equipment (PPE) may be altered 

to provide additional protection to the workers, based on the information provided by the SSO to the 

PHSM. This APP also delineates health and safety responsibilities and assigns those responsibilities to 

project and office personnel.  
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3.1 TETRA TECH SAFETY STATISTICS 

Table 3-1 presents safety statistics for Tetra Tech for the last 3 calendar years compared to the national 

averages for our industry.  This comparison uses data collected by the United States Department of 

Labor, Bureau of Labor Statistics (BLS) for different types of employers, segregated by North American 

Industry Classification System (NAICS) codes.   

 

TABLE 3-1 

COMPARISON OF TETRA TECH AND 2010 BLS DATA FOR 
NAICS CODE 541 (RCIR AND DART CASE RATES) 

 
 NAICS 541 

Professional, 
Scientific and 

Technical 
Services 

2010 

Tetra Tech 
2009 

Tetra Tech 
2010 

Tetra Tech 
2011 

Total Recordable Case Incident 
Rate (RCIR) 1.0 0.2 0.6 0.0 

Days Away/Restricted 
Duty/Transfer Case Rate (DART) 0.3 0.2 0.2 0.0 

 

The data comparison illustrates that Tetra Tech’s performance compares favorably with the most-recent 

national averages for the environmental engineering and hazardous waste services industries.  Raw data 

for these statistics can be found in the OSHA Form 300 and 300A attached see Figure 3-1.  

 
Tetra Tech Man Hours Worked: 

 
2009  890,072 
2010  900,132 
2011  872,801  

 
Tetra Tech Experience Modification Rates  
(Policy Year December 1 - September 30): 
 

2009-2010: 0.74 
2010-2011: 0.76 
2011-2012: 0.78 
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4.0  RESPONSIBILITIES AND LINES OF AUTHORITY 

4.1 STATEMENT OF RESPONSIBILITY 

Tetra Tech, as the employer for staff that will be engaged in performing the work presented in this APP, 

fully recognizes and accepts ultimate responsibility for protecting the safety and health of our employees, 

and for the implementation of an effective Safety and Occupational Health program.  No person shall be 

required or instructed to work in surroundings or under conditions that are unsafe or dangerous to his or 

her health. Each employee is responsible for complying with applicable safety and occupational health 

requirements, wearing prescribed safety and health equipment, reporting unsafe conditions/activities, 

preventing avoidable accidents, and working in a safe manner. 

 

4.2  IDENTIFICATION AND ACCOUNTABILITY 

This section defines responsibility for safety and health for Tetra Tech and subcontractor employees 

engaged in onsite activities.  Personnel assigned to these positions will exercise the primary responsibility 

for onsite health and safety.  These persons will be the primary point of contact for any questions 

regarding the safety and health procedures and the selected control measures that are to be 

implemented for onsite activities. 

 

The Navy personnel primarily responsible for this CTO are: 

• Navy Remedial Project Manager (RPM): Terese Van Donsel   

• Installation Point of Contact (POC):    Howard Hickey    

 

4.2.1 Project Manager – Corey Rich, PE 

The Tetra Tech PM is responsible for the overall direction and implementation of health and safety for this 

work.  The PM coordinates closely with the Navy RPM who is responsible to oversee the project 

implementation, including scoping, data review, and evaluation for the Navy.  This includes the 

responsibility for ensuring that: 

 

• Work is appropriately planned and executed in accordance with contractual, regulatory, and internal 

requirements 

 

• Adequate resources (including personnel, equipment, and supplies) are assembled, and made 

available to the FOL and SSO to safely and effectively accomplish the work. 
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• Ensure implementation of this APP through coordination with the HSM, and the PHSM, as applicable.  

 

• Conduct periodic inspections.  

 

• Participate in the incident investigations.  

 

• Ensure the APPhas the required approvals before any site work is conducted.  

 

• Ensure that the PHSM and HSM are informed of project scope changes that require modifications of 

the APP.  

 

• Assume overall project responsibility for health and safety.  

 

• Ensure that adequate resources are provided to the field staff to carry out their responsibilities as 

outlined below. 

 

4.2.2 Health and Safety Manager – Matthew Soltis, CIH, CSP 

The Health and Safety Manager (HSM) is responsible for the development and administration of the 

company health and safety program.  The HSM will act in an advisory capacity to PM and site personnel 

for project-specific health and safety issues.  The Tetra Tech PM will establish a liaison between the Navy 

RPM and the HSM on matters relating to health and safety.  In the fulfillment of the duties of this position, 

the HSM will enlist the support of safety and occupational health professionals, as appropriate.  The HSM 

is responsible for the following actions: 

 

• Developing, maintaining, and overseeing implementation of this APP  

• Visiting project sites as needed to audit the effectiveness of the APP  

• Remaining available to respond to project emergencies 

• Developing modifications to the APP as needed 

• Evaluating occupational exposure monitoring/air sampling data and adjusting APP as necessary 

• Serving as a Quality Control staff member 

• Approving the APP by signature 

 

The work under this contract, including this field effort, is subject to a comprehensive health and safety 

program developed, designed, and implemented by Matthew M. Soltis, CIH, CSP.  Mr. Soltis serves as 

Corporate Manager of Health and Safety for Tetra Tech Technical Support Services (TSS) and as the 
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HSM for the planned work addressed in this APP.  He has more than 25 years of experience in the Health 

and Safety field. 

 

4.2.3 Project Health and Safety Officer – Clyde J. Snyder 

The Project Health and Safety Officer (PHSO) is responsible for developing this APP in accordance with 

applicable OSHA regulations.  Specific responsibilities include: 

 

• Providing information regarding site contaminants and physical hazards associated with the site 

• Establishing air monitoring and decontamination procedures 

• Assigning personal protective equipment based on task and potential hazards 

• Determining emergency response procedures and emergency contacts 

• Stipulating training requirements and reviewing training and medical surveillance certificates 

• Providing standard work practices to minimize potential injuries and exposures 

• Modifying this APP, as necessary 

 
Mr. Snyder has served as a PHSO for a wide variety of Environmental Investigation/Remediation Projects 

for NAVFAC since 1993.  His experience involves CERCLA investigations, remedial action projects, and 

baseline characterization studies (estimated at over 100 different projects).  In this capacity, his is 

responsible for identifying site chemical and physical hazards and developing the site-specific HASP, 

providing technical guidance to field personnel to control or minimize site hazards.  He is a certified 

instructor for all the OSHA HAZWOPER training programs including the 40-hour initial training, 8-hour 

supervisory training, and 8-hour annual refresher training.  He has also completed the OSHA 30-hour 

Construction Safety and Health training.  

 

4.2.4 Field Operations Leader – Stanley Conti 

The Tetra Tech FOL is responsible for implementation of the project work plans in accordance with the 

APP, with the assistance of the SSO.  The FOL manages field activities, executes the SAP, and enforces 

safety procedures as applicable to the SAP.  Other duties include: 

 

• Ensuring that the proper notifications are made prior to beginning work 

• Verifying training and medical clearance of onsite personnel status in relation to site activities 

• Selecting, applying, inspecting, and maintaining personal protective equipment 

• Implementing Hazard Communication, Respiratory Protection Programs, and other health and safety 

programs as needed 

• Providing site-specific training for onsite personnel 
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• Investigating accidents and injuries 

 

Mr. Conti’s qualifications are presented in Section 4.4. 

 

4.2.5 Site Safety Officer (SSO) – Stanley Conti 

The SSO has completed 40-Hour HAZWOPER and subsequent 8-Hour HAZWOPER Refresher Training, 

8-Hour HAZWOPER Supervisor Training, and First Aid/CPR and Bloodborne Pathogen (BBP) training in 

accordance with regulatory requirements applicable to the work that will be performed for this project.  

The SSO is also responsible for ensuring that corrective measures have been implemented, appropriate 

internal and Navy authorities have been notified, and follow-up reports have been completed. Individual 

subcontractors are required to cooperate with the SSO within the parameters of their respective Scope of 

Work. The SSO supports site activities by advising the FOL on the aspects of health and safety onsite.  

These duties may include the following: 

 

• Coordinating health and safety activities with the FOL 

• Selecting, inspecting, implementing, and maintaining personal protective equipment 

• Establishing work zones and control points 

• Implementing air-monitoring program for onsite activities 

• Verifying training and medical status of onsite personnel status in relation to site activities 

• Coordinating emergency services 

• Providing site specific training for onsite personnel 

• Investigating accidents and injuries 

• Developing and maintaining current chemical inventories and MSDS files for hazardous chemicals 

that will be used/stored at that workplace 

• Ensuring that onsite personnel who may use hazardous chemicals have access to and review 

pertinent MSDSs prior to using or dispensing such chemicals 

• Ensuring compliance with container labeling requirements 

• Identify new chemicals brought onsite that may present new hazards requiring additional training then 

add information to chemical inventory and MSDS files 

• Providing input to the FOL regarding the need to modify this APP  

 

Compliance with the requirements stipulated in this APP is monitored by the SSO and coordinated 

through the Tetra Tech HSM.  In some cases one person may be designated responsibilities for more 

than one position.  This action will be performed only as credentials, experience, and availability permits. 

The SSO must be notified of any on-site emergencies and is responsible for ensuring that the appropriate 
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emergency procedures described in this section are followed.  The SSO is also responsible for informing 

the Navy Remedial Project Manager (RPM) of major incidents and associated corrective actions. 

 

Mr. Conti’s qualifications are presented in Section 4.4. 

 

4.2.6 Site Personnel - Various 

In addition to the line and staff management functions, each individual performing work under this 

contract has the responsibility for their own personal health and safety, as well as assisting in assuring 

the health and safety of their co-workers.  This element is also the first one listed in our corporate Health 

and Safety Policy Statement, which requires that "each employee recognize a personal responsibility for 

their own health and safety and for actions that affect the health and safety of fellow employees."  This 

employee responsibility includes observing specified health and safety requirements and communicating 

with the designated SSO on matters such as the effectiveness of specified control measures, 

identification of new potential hazards, and other related issues. Site Personnel are responsible to: 

 

• Reporting any unsafe or potentially hazardous conditions to the SSO.  

• Reporting injuries, illnesses, spills, fires, and property damage to the SSO.   

• Maintaining knowledge of the information, instructions, and emergency actions contained in this APP. 

• Complying with rules, regulations, and procedures set forth in this APP and any revisions that are 

instituted.  

• Initiating the Incident Report when involved in an incident/accident if able to do so.  

• Inspecting tools and equipment, including PPE, daily prior to use.  

• Conducting daily operations check of electronic equipment and annotate in the team logbook.  

• Assisting the SSO with implementation and compliance with the APP 

 

4.2.7 Subcontractors and Suppliers 

Tetra Tech directs the subcontractor’s supervisor regarding the work and the manner in which tasks are 

to be performed. Subcontractors are responsible for assigning specific tasks to their employees; ensuring 

that their employees are properly trained and are in compliance with applicable regulations; and allocating 

sufficient time, materials, and equipment to safely complete activities in accordance with this APP and 

their individual Environmental Health and Safety plans. Subcontractors will attend the Tetra Tech daily 

health and safety meeting prior to starting field work.  

 

• Drillers will perform soil and well installation activities. 

• Registered Land Surveyors will survey and mark sector boundaries.  
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• IDW contractor will remove drums of soil, groundwater, and PPE generated during field activities. 

• Individuals employed by subcontractors/vendors will receive: 

- Site-specific briefing regarding the hazards present on the work site 

- Required safety activities 

- Individual roles and responsibilities for safety practices 

• While on site subcontractors/vendors will be under the direct supervision of the FOL/SSO. 

   

4.3 STOP WORK AUTHORIZATION 

ALL employees are empowered, authorized, and responsible to STOP WORK at any time when an 

imminent and uncontrolled safety or health hazard is perceived.  In a Stop Work event (immediately after 

the involved task has been shut down and the work area has been secured in a safe manner) the 

employee shall contact the PM and the Corporate Health and Safety Manager.  Through observations 

and communication, all parties involved shall then develop, communicate, and implement corrective 

actions necessary and appropriate to modify the task and to resume work. 

 

Health and safety-related information will be communicated to employees through meetings, postings, 

written communications, and reporting of hazards. 

 

4.4 COMPETENT AND QUALIFIED PERSON(S) 

Mr. Conti is the Competent Person on this project.  He has 40 years of geological and hydrogeological 

experience, primarily involved in the assessment and interpretation of geologic and hydrogeologic 

conditions at uncontrolled hazardous waste sites including the U.S. Environmental Protection Agency 

(EPA), Department of Defense (DoD), Resource Conservation and Recovery Act (RCRA) and industrial 

projects. He has conducted more than 100 field investigations in 23 states, encompassing a variety of 

environmental conditions and geological regimes. He has environmental experience with regulation 

agencies in EPA Regions I, II, III, IV, V, VI, VII, VIII, IX and X.  He has experience in preparing 

hydrogeologic sections of RCRA Part B Subpart X permits.  He has supervised the removal of 

underground storage tanks and has been involved in property assessment investigations. Mr. Conti 

attends and conducts pre bid meetings and conferences, writes reports, work plans, drilling specifications, 

and sampling and analysis plans. He has evaluated and recommended drilling subcontractor’s bids and 

proposals. He is responsible for training and directing junior members of the Geology staff.  Other field 

duties include health and safety training, surveying, and assisting with geophysical surveys, soil and 

groundwater sampling, including natural attenuation parameters.  He has had limited experience using 

global positioning system (GPS) instruments and has performed field QA audits. 
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Mr. Conti, as a senior level, licensed geologist, has overseen hydrogeologic studies for more than 60 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and RCRA 

investigations for the EPA, Department of Navy, Air Force, and industry.  He has performed over 300 slug 

tests and/or pumping tests.  He has supervised several long term pumping tests utilizing pressure 

sensitive transducers and data loggers to record water level data.  He has evaluated data and provided 

information for groundwater modeling.  He utilizes computer software to transfer field generated data and 

subsequently imports this data into a spreadsheet for generating plots, which then can be used for 

pumping test evaluation and groundwater modeling. He has assisted in the design, setup, and operation 

of onsite carbon canister filtration systems used to filter out contaminants from pumped groundwater 

during pumping tests.  He was responsible for the initial hook up of the carbon filtration system, system 

operation, and the subsequent disassembly. These systems have been used on approximately 14 

pumping tests, which have proved to be a substantial cost savings to the clients, since the pumped water 

can be disposed of onsite, without further treatment. 

 

Mr. Conti has supervised and directed the drilling and installation of more than 600 monitoring wells, 

utilizing a variety of drilling methods, which include mud rotary, hollow stem auger, air rotary, air hammer, 

cable tool, roto-sonic and reverse circulation. Field duties include conducting site inspections and 

subsurface investigations, selecting field equipment, coordinating drilling and test pit operations.  He has 

supervised the sampling of soils and groundwater utilizing in line filters for groundwater samples.  He is 

familiar with real time monitoring instruments, decontamination procedures, documentation, packaging 

and shipping procedures. He has conducted and supervised the drilling of Level "B" activities, which 

included the drilling of monitoring wells through landfill materials. He is experienced with NX core drilling 

and packer testing.  He has supervised the taking of depth specific samples and using gas 

chromatograph results to provide quick turnaround samples. Other experience includes geotechnical 

inspection and construction supervision of the largest eastern U.S. impoundment dam for the containment 

of fly ash. He supervised subsurface grouting work for six deep mine stabilization projects in 

Pennsylvania and West Virginia. He supervised the installation of over 1,000 soil and rock anchors at 

numerous construction projects.   

 

His OSHA 29 CFR 1910.120 HAZWOPER training includes: 

• Initial 40-hour Training; September, 1983 

• 8-Hour Supervisory Training, March, 1988 

• 8-Hour Refresher Training, September, 2011 
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4.5 REQUIREMENT OF DESIGNATED COMPETENT PERSON ON SITE 

A competent person is an individual who is capable of identifying existing and predictable hazards or 

working conditions that are hazardous, unsanitary, or dangerous to employees, and who has 

authorization to take prompt corrective measures to eliminate or control these hazards and conditions.  

The SSO has many years of field supervision in excavation, soil sampling, and safety and meets the 

requirements as defined in the definitions of EM 385-1-1 and 29 CFR 1910.120 for knowledge of and 

experience in environmental sampling, 29 CFR 1926 for excavation, and heavy equipment supervision. 

 

The SSO will conduct daily pre-shift tailgate safety meetings discussing the planned site activities, the 

hazards associated with each task, and the training required of personnel involved in these tasks. The 

related personal protective equipment or related work equipment will be inspected by the 

competent/qualified person before any work is started.  No excavation, heavy equipment operation, or soil 

sampling activities will be conducted unless the SSO or task applicable Competent Person is present.   

 

Work at Remedial Investigation (RI) of the Transformer Boneyard Storage, Great Lakes, Illinois will only 

be performed when the designated competent person is physically on the job site. 

 

4.6  REQUIREMENTS OF PRE-TASK SAFETY AND HEALTH ANALYSIS 

Tetra Tech requires that an AHA be prepared for each job task to be performed at this site to identify 

hazards before they occur and provide mitigation measures.  The AHAs focus on the relationship 

between the worker, the task, the tools, and the work environment.  The AHAs are reviewed at the 

tailgate safety meeting at the beginning of each work day.  These sessions inform each person of the 

potential hazards for each task and provide steps to take to eliminate or reduce hazards to an acceptable 

risk level.  The AHAs are presented in the Section 17.0. 

 

Personnel will be encouraged to report to the SSO any conditions or practices that they consider 

detrimental to their health or safety, or those they believe violate applicable health and safety standards.  

Such reports may be made orally or in writing.  Personnel who believe that an imminent danger threatens 

human health or the environment are encouraged to bring the matter to the immediate attention of the 

SSO for resolution.  Job site activities presenting danger to life or limb should be stopped immediately 

and reported to the SSO for resolution.  Near miss incidents are to be reported to the SSO who will record 

the information in the site logbook and in the Tetra Tech TOTAL System. 

 

At least one copy of this APP will be available to site personnel.  Each vehicle used on the job site will 

contain a copy of the APP to ensure quick and easy access by employees.  In addition to a review of the 

AHAs, minor changes and any other relevant topics will be discussed by the SSO at the daily tailgate 
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safety meeting.  However, significant revisions must be discussed with the HSM and PM and approved 

prior to implementation. 

 

It is the goal of Tetra Tech to continue its excellent safety performance on NAVFAC contracts to support 

the Navy in their safety efforts.  Specifically, Tetra Tech will perform the work in a manner that is 

consistent with the Zero Incident Philosophy.  In accordance with this philosophy, it is our stated goal to 

plan and perform the work in a manner that integrates safety and health considerations so that it is 

accomplished without experiencing any worker injuries or illnesses, environmental releases/impacts, or 

property damage events. 

 

4.7 LINES OF AUTHORITY 

Personnel who will be working on this project (Tetra Tech and subcontractors) are covered by this APP.  

These documents shall be rigorously enforced during this field effort.  Violators of the APP will be verbally 

notified upon first violation, and the violation will be noted by the Tetra Tech SSO in a field logbook.  Upon 

second violation, the violator will be notified in writing, and the Tetra Tech PM and the violator’s 

supervisor will be notified.  A third violation will result in a written notification and the violator’s eviction 

from the site.  The written notification will be sent to the human resources department and the HSM.   

 

Any violations that are deemed to be serious, intentional, or otherwise egregious will be subject to 

immediate corrective action, up to and including removal from the site, and will not require adherence to 

this progressive, three-step disciplinary process. 

 

In the Tetra Tech Health and Safety Program Summary, it is stated by the company Chief Executive 

Officer Mr. Daniel L. Batrack, “Management is responsible for ensuring that all aspects of the workplace, 

including offices and project locations, are safe and that any risks, hazards, and safety violations are 

brought to their attention, investigated, and corrected promptly.  Tetra Tech's associates are responsible 

for complying with the H&S policy, programs and standards, and conducting their work safely and without 

detriment to themselves, other employees, other individuals or property.  Compliance with this policy is 

mandatory.  Willful violation or negligent disregard of this policy will be considered cause for disciplinary 

action up to and including termination.” 

 

4.7.1 Policies and Procedures Regarding Noncompliance 

An employee’s failure to adhere to the requirements of this Accident Prevention Plan, the Project Specific 

Work and Safety Plans, or to observe specified safety requirements and restrictions or to properly use 

identified protective equipment may lead to injury or illness.  As a result, deviation from safety and health 
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procedures is not tolerated.  Failure to comply with health and safety procedures and requirements will 

lead to reprimand up to and including dismissal.   

 

4.7.2 Manager and Supervisor Accountability 

The purpose of the Tetra Tech corporate Health and Safety Program is to define the health and safety 

standards required on a corporate wide basis.  The corporate Health and Safety Program applies to all 

Tetra Tech employees and sets forth minimum requirements for subcontractors working under contract to 

Tetra Tech.  The responsibilities, organizational structure, recordkeeping requirements, and evaluation of 

Tetra Tech’s corporate Health and Safety Program are outlined in detail in the Program Administration 

and Organizational Structure document: 

 

• Senior Vice President of Administration has overall responsibility for the Tetra Tech corporate Health 

and Safety Program. 

 

• Corporate Health and Safety Director 

 

• Operational Unit Health and Safety Managers individuals assigned to health and safety administration 

within each Tetra Tech operating unit 

 

• Operations Managers individuals who manage an office(s) within an operating unit of Tetra Tech 

 

• Office Health and Safety Representative who is assigned to health and safety program-related 

functions within an office or long-term project location 

 

• Project Managers who are responsible for managing a particular project or job. 

 

• Site Safety Coordinators who provide health and safety oversight for a particular project site. 

 

• Field personnel who are required to participate in appropriate health and safety programs and 

maintain their field-ready status. 

 

• Each and every employee of Tetra Tech is responsible for upholding the standards established by the 

company. 

 

An organization chart depicting the lines of authority is included as Figure 4-1. 
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5.0 TRAINING 

Personnel who may be exposed to hazardous conditions and who will participate in site activities are 

required to meet the training requirements outlined in 29 CFR §1910.120, HAZWOPER.  Furthermore, 

site personnel must satisfy any specialized training requirements that are presented in the AHAs for tasks 

to be completed under this CTO.   

 

5.1 NEW HIRE HEALTH AND SAFETY ORIENTATION 

Tetra Tech requires all new employees to attend orientation training which includes a review and sign off 

on the Employee Handbook. This employee handbook is a general guide to various personnel policies 

including the Health and Safety Program and employee benefits of Tetra Tech. Each new hire is required 

to view a video that explains basic safety policies at Tetra Tech.  Prior to working in the field on their own 

they are required to spend a minimum of three days actual field experience under the direct supervision 

of a trained experienced supervisor.  

 

5.2  MANDATORY TRAINING AND CERTIFICATIONS 

Tetra Tech personnel qualification and training certification documentation will be obtained by the PM and 

included in Attachment I and maintained on-site.  Mandatory training and certifications applicable to this 

project include the following: 

 

• 40 hours of introductory hazardous waste site training prior to performing work at NS Great Lakes.  

 

• 8 hours of refresher training within the past 12 months before being cleared for site work.  (Field 

personnel who have had introductory training more than 12 months prior to site work must complete 

this training again). 

 

• 8-hour supervisory training in accordance with 29 CFR 1910.120(e)(4) will be required for site 

personnel operating in a supervisory capacity. 

 

Documentation of Tetra Tech introductory, supervisory, and refresher training as well as site-specific 

training, will be maintained at the site.  Copies of certificates or other official documentation will be used 

to fulfill this requirement.  

 



  Revision 1 
NS Great Lakes  December 2012 
 

Accident Prevention Plan  5-2 CTO F27A 

5.3  SITE-SPECIFIC SAFETY AND HEALTH TRAINING 

The Tetra Tech SSO will provide site-specific training to Tetra Tech employees who will perform work on 

this project.  In addition, a brief meeting will be held at the beginning of each day to discuss operations 

planned for that day and to review the appropriate AHAs with the planned task participants.  Based on 

field activities, a short meeting may also be held at the end of the day to discuss the operations 

completed and any problems encountered.  

 

Prior to accessing active work areas of the sites or participating in any intrusive activities, site personnel 

and visitors will first be required to undergo a site-specific safety and health training session conducted by 

the FOL and SSO, which will include a review of the APP and signing of the Site-Specific Training 

Documentation form.   

 

Before site activities begin, the Tetra Tech FOL and SSO will present a briefing for site personnel who will 

participate in on-site activities.  The following topics will be addressed during the pre-work briefing:  

 

• Names of the personnel listed in the organizational chart and designated alternates  

• Site history 

• Work tasks 

• Hazardous chemicals that may be encountered 

• Physical hazards that may be encountered  

• PPE, including types of respiratory and hearing protection to be used for work tasks  

• Mandatory training and certification requirements (e.g., HAZWOPER, first aid, etc.)   

• Environmental surveillance (air monitoring) equipment use and maintenance  

• Action levels and situations requiring an upgrade or downgrade of level of protection 

• Site control measures including site communications and control zones  

• Decontamination procedures 

• Emergency communication signals and codes, including incident reporting procedures 

• Environmental accident/emergency procedures 

• Personnel exposure and accident emergency procedures  

• Fire and explosion emergency procedures 

• Emergency telephone numbers  

• Emergency routes 

 

Any other health and safety-related issues that may arise before site activities begin will be covered 

during the pre-work briefing. 
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5.4 HAZARD COMMUNICATION TRAINING 

In accordance with the OSHA Hazard Communication Standard (29 CFR 1920.1200 and 29 CFR 

1926.59), copies of material safety data sheets (MSDSs) for hazardous chemical materials that are used 

during site operations or that may be present on site will be available on site from the SSO. The SSO will 

conduct hazard communication (HAZCOM) training in accordance with 29 CFR 1920.1200 and 29 CFR 

1926.59, Engineer Manual (EM) 385-1-1 (current version), and the HAZCOM program. Training will 

include, but is not be limited to, the hazards or potential hazards associated with work activities, and any 

hazardous chemical materials brought to on the site. 

 

5.5  FIRST AID AND CARDIO PULMONARY RESUSCITATION TRAINING 

The SSO will identify those individuals who have current first aid and cardiopulmonary resuscitation 

(CPR) training. At a minimum two people including the SSO will be current in CPR/first aid. The names of 

all CPR/first aid-qualified workers will be added to this APP when the project starts.  For this project the 

CPR/first aid trained personnel are: 

Name:    Company: 

Stan Conti    Tetra Tech    

John King    Tetra Tech    

Jeremy Boeche   Environmental Field Services  

Mike Walker    Environmental Field Services      

 

5.6  BLOODBORNE PATHOGENS TRAINING 

Individuals on site who have first aid and CPR certification and who may provide emergency medical 

treatment shall have completed training in accordance with the Tetra Tech Bloodborne Pathogens 

Program and OSHA Bloodborne Pathogen Standard, 29 CFR 1910.1030. The Hepatitis B Vaccine 

Declination (mandatory) (in the event of accidental needle stick or other exposure to blood during first aid, 

etc.) will be one of the topics covered in the site orientation training in accordance with 29 CFR 

1910.1030. 

 

5.7  TRAINING DOCUMENTATION 

Attachment I (Site Specific Training Documentation) documents the provision and content of the project-

specific and associated training.  Site personnel will be required to sign this form prior to commencement 

of site activities.  This training documentation identifies personnel who, through record review and 

attendance of the site-specific training, are cleared for participation in site activities.  This document shall 

be maintained at the site to identify and maintain an active list of trained and cleared site personnel. 
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5.8 PERIODIC SAFETY AND HEALTH TRAINING 

Tetra Tech supervisors and employees are required to maintain their training and certifications and 

participation in the medical surveillance program required for field work. This is accomplished throughout 

the year by attending classroom sessions, taking on-line instruction, participating in webinars, attending 

professional conferences and obtaining annual or bi-annual physical examinations.  In addition to other 

corporate training Tetra Tech requires all employees to review and sign off on the Employee Handbook 

bi-annually which contains the Corporate Health and Safety Program.   

 

5.9 EMERGENCY RESPONSE TRAINING 

In the event of an emergency, which cannot be mitigated using on-site resources, personnel will evacuate 

to a safe place of refuge and the FOL/SSO will contact 9-1-1 to report the emergency.  The emergency 

response agencies listed in this plan are capable of providing the most effective response, and as such, 

are designated as the primary responders.  These agencies are located within a reasonable distance 

from the area of site operations, which ensures adequate emergency response time.  NS Great Lakes 

Emergency Dispatch will be notified anytime emergency response agencies are required.   

 

Site personnel will be trained on the provisions outlined in Section 8.1 Emergency Response and 

Contingency Procedures of this APP. 
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6.0  SAFETY AND HEALTH INSPECTIONS 

It is Tetra Tech’s internal policy that the job sites involving work for NAVFAC are subject to audits by 

corporate safety staff.   

 

6.1  SPECIFIC ASSIGNMENT OF RESPONSIBILITY FOR A MINIMUM DAILY JOB SITE 
SAFETY AND HEALTH INSPECTION DURING PERIODS OF WORK ACTIVITY 

The Tetra Tech SSO will conduct safety and health inspections during this field effort to ensure safe work 

areas and compliance with the APP.   

 

6.1.1 Proof of Inspector’s Training/Qualifications 

The SSO is certified as a HAZWOPER Supervisor under 29 CFR 1910.120(e)(4). 

 

6.1.2 Inspection Frequency 

Daily site safety inspections shall be conducted by the SSO 

 

6.1.3 Documentation Procedures 

The SSO will record any deficiencies in the Field Log Book that is maintained onsite for the site practices. 

 

6.1.4 Deficiency Tracking System and Follow-up Procedures 

The items noted during field audits will be communicated to the Tetra Tech HSM who maintains a 

corrective/preventive action database.  Responsibility for resolving each item noted during these audits is 

assigned and tracked through resolution.   

 

Results from field audits are also regularly communicated throughout Tetra Tech through training and 

electronic means as a method of continuous program improvement. The FOL and SSO will follow up on 

deficiencies to ensure that they are resolved.   

 

6.1.5 External Inspections/Certifications 

The Tetra Tech HSM or a designated representative may conduct an unannounced inspection during this 

project.



  Revision 1 
NS Great Lakes  December 2012 
 

Accident Prevention Plan  7-1 CTO F27A 

7.0  ACCIDENT REPORTING 

When an incident occurs, the FOL or SSO will verbally notify the PM.  If the incident is an injury requiring 

more than first aid or property damages exceeding $2,000 the PM will immediately notify the Navy RPM.   

 

7.1 EXPOSURE DATA 

If required by the Navy RPM, the FOL or SSO will calculate exposure data on a monthly basis. Man-hours 

worked are obtained from hours charged to a project for payroll purposes. Tetra Tech also collects the 

number of man-hours worked by subcontractors on project sites by reviewing daily production reports and 

recording the hours on those reports. 

 

7.2 ACCIDENT INVESTIGATIONS, REPORTS, AND LOGS 

Tetra Tech employees have been educated that prompt and accurate reporting of any incidents they 

encounter is one of their personal health and safety responsibilities.  On this project, the FOL and the 

SSO are responsible for assuring that the incidents and serious near miss events are reported via the 

Tetra Tech TOTAL incident reporting system.  The HSM is responsible for assuring that the incidents and 

serious near-miss events are adequately investigated.  The HSM is also responsible for collecting, 

tracking, and trending incident data (e.g., recordable cases, employee hours worked, etc.).  Accidents 

involving near misses, injuries, or illnesses must be immediately reported to the PM and the HSM, and 

documented on the Tetra Tech Incident Report form provided at the end of this section.   

 

Hazardous work conditions or unsafe work practices will be corrected in a timely manner, both in the field 

and in the office.  Upon discovery of an unsafe condition at a field site, the degree of hazard must be 

assessed.  Action may range from complete shutdown of the operation to phased correction.   

 

The Tetra Tech employees working on this project have "Stop Work" authority in the event that a 

potentially serious action or condition is observed.  Tetra Tech will shut down a project during which life 

threatening, severe environmental impact, or significant equipment or property damage conditions may 

exist.  Employees shall follow specific information for emergency evacuation and PPE usage as 

described in this APP.   

 

7.3 IMMEDIATE NOTIFICATION OF MAJOR INCIDENTS 

Any occupational incidents meeting the definitions presented below that occur on this project will be 

immediately reported to the POC as soon as possible, but not later than 24 hours from the time of the 

event.  Incidents that must be reported to the POC include those that result in any of the following: 
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• Fatalities 

• Permanent total disability 

• Permanent partial disability  

• Hospitalization of 3 or more people resulting from a single occurrence 

• Property damage of $200,000 or more 

 

With consultation with the PHSO, the PM will coordinate with the Program Manager in making any such 

notifications to the POC. 

 

7.4  INCIDENT REPORTING PROCEDURES 

Following the prescribed incident reporting procedure is necessary for documenting the information 

obtained at the time of the incident. Accidents or incidents, as well as near-miss events, are to be 

reported within 24 hours by either completing the written event report form or using the Tetra Tech web-

based incident reporting process. Within five working days, a complete investigation report must be 

submitted to the Navy RPM. All incidents occurring on site must be reported to the Navy Site Contact 

(Howard Hickey) within 4 hours. The Navy Site Contact will initiate the process for Tetra Tech to report in 

the Contractor Incident Reporting System (CIRS) per direction from NAVFAC. If there is an incident, the 

Navy will open a link to the system will send the Tetra Tech FOL a password. Tetra Tech will have a 

certain timeframe to complete the investigation and report back the results. Reporting should include 

incidents and near misses. The Tetra Tech FOL will coordinate with POC to identify the procedure to 

implement this process prior to the commencement of site activities. 

 

7.4.1 TOTAL Incident Reporting System 

TOTAL is Tetra Tech’s new online incident reporting system.  Site employees can use TOTAL to directly 

report health and safety incidents, notify key personnel, and initiate the process for properly investigating 

and addressing the causes of incidents, including near-miss events.   

 

An incident is considered any unplanned event.  It may include several types of near misses, events 

where no loss was incurred, or incidents that resulted in injuries or illness, property or equipment 

damage, chemical spills, fires, or damage to motor vehicles.  Some examples of incidents are as follows: 

 

• Work-related injury or illness 

• Suspected hazardous substance exposure over the allowable exposure limit 

• Automobile or vehicle-related incidents 

• Significant property or equipment damage 
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• An unplanned fire or explosion 

• An unplanned spill or release (including air releases) to the environment 

• A permit or permit equivalent exceedance 

• Unexpected contact with damage to aboveground or below ground utilities 

 

A near miss incident is described as an undesired event or workplace condition, which under slightly 

different circumstances had a reasonable probability of resulting in one of the outcomes described above. 

Some examples of near miss incidents are as follows: 

 

• Tools falling from overhead work near workers below 

• Unexpected contact without damage to aboveground or below ground utilities 

• Discovery of an unknown and potentially hazardous material or anomaly 

 

Incidents, including near-miss incidents, involving Tetra Tech personnel or Tetra Tech subcontractors 

under Tetra Tech’s immediate direction shall be reported and investigated. 

 

TOTAL is an intuitive system that guides users through the necessary steps to report an incident within 

24 hours of its occurrence.  TOTAL is a tool for Tetra Tech to better track incidents, analyze root causes, 

implement corrective action plans, and share lessons learned.  TOTAL is maintained on the secure Tetra 

Tech Intranet site at https://my.tetratech.com/. 

 

7.4.2 How to Access TOTAL to Report an Incident 

Once on the “My Tetratech” web site, TOTAL can be found under the “Health and Safety” tab, by clicking 

on “Incident Reporting.”  Select “Report an Incident (TOTAL)” then, near the bottom of the screen, click 

on “Launch TOTAL Application.”  This connects the user directly to TOTAL. Next, click on “Enter new 

incident”, and follow the steps as presented.  The system was designed to be “fail safe” in that the user 

will not be able to skip any required information.  TOTAL can also be accessed directly from the internet 

using the following web address:  http://totalhs.tetratech.com/.  

 

Note: When accessing the system from outside the Tetra Tech intranet system or when operating in a 

wireless mode, a VPN connection will be required.  The speed of the application may be dependent upon 

outside factors such as connection speed, signal strength, etc.  Enter the system using your network user 

name and password.  The user name should be in the following format - TT\firstname.lastname.  
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If any Tetra Tech personnel are injured or develop an illness as a result of working onsite, and they are at 

a remote location where they cannot establish reliable internet connection with TOTAL to report an 

incident, then the employee will complete a hard-copy Tetra Tech “Incident Report Form.” 

 

Tetra Tech’s Incident Reporting and Investigation Program requires that employees report all incidents as 

soon as possible, but within 24 hours.  An initial report must be completed on TOTAL within that time 

frame. 

 

Figure 7-1 is a print out of the screens found online in the TOTAL system.  It can be used as a reference 

during the incident information gathering phase and prior to completing the form on line. 
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8.0   EMERGENCY PLANNING 

The NS Great Lakes emergency response agencies listed in the APP are capable of providing the most 

effective response, and as such, are designated as the primary responders. These agencies are located 

within a reasonable distance from the area of site operations, which ensures adequate emergency 

response time. The Navy RPM and Base Contact will be notified if these response agencies are 

contacted.  

 

8.1  EMERGENCY RESPONSE AND CONTINGENCY PROCEDURES 

In the event of an emergency during onsite work, the primary response action by onsite personnel will be 

to safely evacuate, assemble at an area unaffected by the emergency, and notify the client and site 

contact Howard Hickey.  Workers who are ill or who have suffered a non-serious injury may be 

transported by site personnel to nearby medical facilities, provided that such transport does not aggravate 

or further endanger the welfare of the injured/ill person.  

 

Site personnel will record any pertinent information regarding allergies to medications or other special 

conditions will be provided to medical services personnel.   

 

Tetra Tech personnel will provide insipient emergency prevention activities such as: 

 

• Initial (e.g., non-structural) fire-fighting support (fire extinguisher) and prevention 

• Initial spill control and containment measures and prevention 

• Evacuate personnel from emergency situations 

• Initial medical support for injury/illness requiring only first-aid level support 

 

8.1.1  Pre-Emergency Planning 

Based on the nature of the planned activities, emergencies resulting primarily from physical hazards 

could be encountered.  To minimize or eliminate the potential for these emergency situations, pre-

emergency planning activities will include the following (which are the responsibility of the SSO and/or the 

FOL): 

 

• Coordinating with the local Emergency Response personnel prior to the commencement of work to 

ensure that Tetra Tech emergency action activities are compatible with existing emergency response 

procedures.   
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• The Tetra Tech FOL will contact the local Emergency Response Agencies listed in Table 8-1 and 

establish their ability to respond to incidents at the work site and their response capabilities. 

 

• Establishing and maintaining information at the project staging area (support zone) for easy access in 

the event of an emergency.  

 

• Creating and maintaining documents onsite that can be important in the event of an emergency 

situation, including: 

- A Chemical Inventory of hazardous chemicals onsite 

- Corresponding Material Safety Data Sheets. 

- Completed Medical Data Sheets for onsite personnel. 

- A log book identifying personnel onsite each day. 

- Hospital route maps with directions. 

- Emergency Notification - phone numbers. 

 

In the event of an onsite emergency, the Tetra Tech FOL will be responsible for the following tasks: 

 

• Determining that an emergency situation exists, initiating a site evacuation, accounting for onsite 

personnel at the assembly area, and determining if/when return to work conditions resume. 

 

• With assistance from the SSO, educating site workers to the hazards and control measures 

associated with planned activities at the site, and providing early recognition and prevention. 

 

• With assistance from the SSO, periodically performing practice drills to ensure site workers are 

familiar with incidental response measures. 

 

8.1.2  Personnel and Lines of Authority for Emergency Situations  

In the event of an emergency, personnel will evacuate and the NS Great Lakes Emergency Dispatch 

Center will be notified.  It has been determined that the majority of potential emergency situations would 

be better supported by NS Great Lakes emergency responders.  Based on this determination, Tetra Tech 

will not provide emergency response support beyond their on-site capabilities and their training.  The 

emergency response agencies listed in this plan are capable of providing the most effective response, 

and as such, will be designated as the primary responders.  These agencies are located within a 

reasonable distance from the area of site operations, which ensures adequate emergency response time.  

The POC will be notified anytime Tetra Tech must notify emergency response agencies.   
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8.1.3  Criteria and Procedures for Emergency Recognition and Site Evacuation 

Emergency situations may be encountered during site activities. 

 

8.1.3.1 Emergency Recognition 

Emergency situations that may be encountered during site activities will generally be recognized by visual 

observation.  Visual observation will also play a role in detecting potential exposure events to chemical 

hazards.  To adequately recognize chemical exposures, site personnel must have an awareness of signs 

and symptoms of exposure associated with the principle site contaminant of concern.  Tasks to be 

performed at the site, potential hazards associated with those tasks and the recommended control 

methods are discussed in this APP.  Additionally, early recognition of hazards will be supported by daily 

site surveys to eliminate any situation predisposed to an emergency.  The FOL and/or the SSO will be 

responsible for performing surveys of work areas prior to initiating site operations and periodically while 

operations are being conducted.  Survey findings are documented by the FOL and/or the SSO in the Site 

Health and Safety logbook.  Site personnel are responsible for reporting perceived hazardous situations.   

 

The above actions will provide early recognition for potential emergency situations, and allow Tetra Tech 

to instigate necessary control measures.  However, if the FOL and the SSO determine that control 

measures are not sufficient to eliminate the hazard, Tetra Tech will withdraw from the site and notify the 

appropriate response agencies.   

 

8.1.3.2 Site Evacuation 

An evacuation will be initiated whenever recommended hazard controls are insufficient to protect the 

health, safety or welfare of site workers.  Specific examples of conditions that may initiate an evacuation 

include, but are not limited to the following: severe weather conditions; fire or explosion; and evidence of 

personnel overexposure to potential site contaminants.  

 

In the event of an emergency requiring evacuation, personnel will immediately stop activities and report to 

the designated safe place of refuge unless doing so would pose additional risks.   When evacuation to the 

primary place of refuge is not possible, personnel will proceed to a designated alternate location and 

remain until further notification from the Tetra Tech FOL. 

   

A Safe place of refuge has been identified in Figure 8-1 and will be conveyed to personnel as part of the 

pre-activities training session. This information will be reiterated during daily safety meetings.  Whenever 

possible, the safe place of refuge will also serve as the telephone communications point for that area.  

During an evacuation, personnel will remain at the refuge location until directed otherwise by the Tetra 
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Tech FOL or the on-site Incident Commander of the Emergency Response Team.  The FOL or the SSO 

will perform a head count at this location to account for and to confirm the location of site personnel.  

Emergency response personnel will be immediately notified of any unaccounted personnel.  The SSO will 

document the names of personnel onsite (on a daily basis) in the site Health and Safety Logbook.  This 

information will be utilized to perform the head count in the event of an emergency. 

 

Evacuation procedures will be discussed during the pre-activities training session, prior to the initiation of 

project tasks.  Evacuation routes from the site and safe places of refuge are dependent upon the location 

at which work is being performed and the circumstances under which an evacuation is required.  

Additionally, site location and meteorological conditions (i.e., wind speed and direction) may dictate 

evacuation routes.  As a result, assembly points will be selected and communicated to the workers 

relative to the site location where work is being performed.  Evacuation should always take place in an 

upwind direction from the site.   

 

8.1.3.3 Emergency Alarm Systems 

Tetra Tech personnel will be working in close proximity to each other at NS Great Lakes.  As a result, 

hand signals, two-way radio communications, voice commands, and line of site communication will be 

sufficient to alert site personnel of an emergency.  When project tasks are performed simultaneously on 

different sites, vehicle horns will be used to communicate emergency situations.  If an emergency 

warranting evacuation occurs, the following procedures are to be initiated: 

 

Initiate the evacuation via radio communications, hand signals, voice commands, line of site 

communication, or vehicle horns.  The following signals shall be utilized when communication via vehicle 

horn is necessary: 

 

   HELP   three short blasts  (. . .) 
   EVACUATION  three long blasts  (- - -) 

 

• Report to the designated refuge point. 

• Once non-essential personnel are evacuated, appropriate response procedures will be enacted to 

control the situation. 

• Describe to the FOL (FOL will serve as the Incident Coordinator) pertinent incident details. 
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8.2  COMMUNICATION 

As personnel will be working in proximity to one another during field activities, a supported means of 

communication between field crew members will not be necessary. External communication will be 

accomplished by using cell phones.  Workers should ensure that their cell phones operate properly, have 

a sufficiently charged battery, and have programmed the emergency and important phone numbers into 

the cell phone prior to beginning work. 

 

8.2.1  Criteria for Alerting Local Community Responders 

In the event of an emergency situation, the FOL and SSO will enact emergency notification procedures to 

secure additional assistance in the following manner: 

 

• Dial 9-1-1 and call other pertinent emergency contacts listed in Table 8-1 and report the incident.   

• Give the emergency operator the: 

- Location of the emergency 

- Type of emergency 

- Number of injured 

- A brief description of the incident. 

• Stay on the phone and follow the instructions given by the operator.   

• The operator will then notify and dispatch the proper emergency response agencies. 

 

8.2.2 Posting of Emergency Telephone Numbers 

The list of emergency telephone numbers will be maintained at the telephone communications points in 

the field office and in each site vehicle. See Table 8-1. 

 

8.3 SPILL PLANS 

It is anticipated that bulk quantities of potentially hazardous materials (greater than 55-gallons) will not be 

handled during the site activities.  It is possible, however, that as the job progresses disposable PPE and 

other non-reusable items may be discarded and small quantities of investigation derived waste (IDW) will 

be generated.  As needed, 55-gallon drums may be used to contain IDW generated during sampling 

activities.  The drum(s) will be labeled with the site name and address, the type of contents, and the date 

the container was filled as well as an identified contact person.  As warranted, samples will be collected 

and analyzed to characterize the material and determine appropriate disposal measures, as described in 

the project-specific SAP.  Once characterized the drum(s) will be removed from the staging area and 

disposed of in accordance with Federal, State and local regulations.   
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TABLE 8-1 

EMERGENCY RESPONSE NOTIFICATION AND PHONE LIST 

SITE PERSONNEL 

Name Role Office # Cell # 

Stan Conti FOL/SSO (412) 921-8422  

John King Field Tech (412) 920-7023  

Jeremy Boeche Environmental Field 
Services   

Mike Walker Environmental Field 
Services   

    

    

    

    

    

    

NAVFAC AND TETRA TECH PERSONNEL 

Howard Hickey Great Lakes Site Contact (847) 688-2600 
x 243 (847) 815-6719 

Cory Rich PM (412) 921-8984 (412) 952-2159 

Matt Soltis HSM (412) 921-8912 (703) 447-8244 

Clyde Snyder PHSO (412) 921-8904 (724) 516-0907 

Report incidents within one hour to above and in writing within 24 hours to Matt Soltis 

Contact  Phone Number Reason to contact 
NS Great Lakes  
Fire Department and 
Emergency Medical Services 

911 
Fire Response and Emergency Medical Services 
If EMS transportation is required the ambulance will 
determine the medical center 

Vista Medical Center West 
 (847) 249-3900 Ambulatory patients with non-serious injuries that can 

be transported to a medical facility by private vehicle 
Certified Occupational 
Physician and Toxicologist , 
WorkCare™ 

(800) 455-6155 Injuries or expected injuries and chemical exposures 

Poison Control Center (800) 222-1222 Chemical exposure information 
National Response Center (800) 424-8802 Report chemical spills 
Chemtrec (800) 424-9300 Information on chemicals 

Police, Fire or Paramedics 
Great Lakes Fire and EMS 
Department 

911 
 

Non -Emergency 
(847) 688-2135 

Fire; explosion; evacuation; injuries beyond first aid; 
chemical releases which can affect off-site locations; 
excavated slope failure or damage affecting off-site 
locations; civil disturbance; trespassing; vandalism in 
progress; vehicle accidents 
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8.3.1 Potential Spill Areas 

Should drums contain liquid wastes, potential spill areas will be monitored in an ongoing attempt to 

prevent and control the spread of contamination into the environment.  Areas designated for handling, 

loading, and unloading of potentially contaminated water and debris present limited potential for leaks or 

spills.  Liquid waste other than IDW and decontamination fluids is not anticipated. 

 
8.3.2  Leak and Spill Detection 

To establish an early detection of potential spills or leaks, periodic inspections by the SSO will be 

conducted during working hours to visually confirm that containers are not leaking.  If a leak is detected, 

the first approach will be to transfer the container contents using a hand pump into a new container.  

Other provisions for the transfer of container contents will be made and appropriate emergency contacts 

will be notified, if necessary.  In most instances, leaks will be collected and contained using absorbents 

such as Oil-dry, vermiculite, and/or sand, which may be stored at the staging area in a conspicuously 

marked drum.  This material too, will be containerized for disposal pending analyses.  Inspections will be 

documented in the Project Logbook. 

 

8.3.3  Personnel Training and Spill Prevention 

Personnel will be instructed on the procedures for spill prevention, containment, and collection of 

hazardous materials in the site-specific training.  The FOL and/or the SSO will serve as the Spill 

Response Coordinator for this operation should the need arise.  

 

8.3.4  Spill Control Plan 

This section describes the procedures Tetra Tech field crewmembers will employ upon the detection of a 

spill or leak of potentially contaminated material. 

 

• Take immediate actions to stop the leak or to control the spill.   

• Notify the FOL/SSO immediately. 

• Avoid contacting container contents.   

• The potential hazards will be evaluated to determine the proper personal protection levels, methods, 

and equipment necessary for the cleanup. 

• Spread the absorbent material in the area of the spill covering completely. 

• If necessary, the spill area will be evacuated, isolated, and secured. 
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It is not anticipated that a spill will occur of such magnitude that the field crew cannot handle it.  Should 

this occur, however, the FOL/SSO will notify appropriate emergency response agencies and the POC 

immediately. 

 

The following represents the types of equipment that may be maintained at the staging area for the 

purpose of supporting this Spill Containment Program (depending on the likelihood that drums and/or 

liquid wastes are generated). 

 

• Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry) 

• Absorbent pads, 

• 5-gallon buckets. 

• Drums (55-gallon U.S. DOT 1A1 and/or 1A2) 

• Shovels, rakes, and brooms 

• Polyethylene sheeting, 

 

8.3.5 Spill Reporting 

The National Response Center (NRC) is the sole Federal point of contact for reporting hazardous spills 

and discharges, whether they are oil, chemical, radioactive, or other types.  The NRC gathers information 

about the emergency and coordinates the response by government officials.  For example, depending on 

the nature of the spill or environmental hazard, the NRC typically contacts the EPA for inland oil spills and 

the United States Coast Guard for marine oil spills.  The Hotline is staffed 24-hours a day.   If Tetra Tech 

or subcontractor personnel are involved in or witness an environmental emergency that presents a 

sudden threat to public health, the National Response Center must be called at (800) 424-8802. 
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9.0 DRINKING WATER PROVISIONS, TOILET AND WASHING FACILITIES 

9.1 POTABLE WATER 

Potable water as well as electrolyte balance sports drinks such as Gatorade will be provided to the field 

crews for fluid replacement, as it is necessary under conditions of ambient temperature extremes.  

Storage and dispensing will proceed as follows: 

 

• All containers will be clean and replenished daily. 

 

• All containers will clearly marked as to their contents (Potable Water – Drinking Water Only; 

Gatorade, etc.). 

 

• Dispensing locations will be placed in identified break areas within the support zone.  The most likely 

location will be at a support vehicle staged near the work area.  This will serve as an area for cooling 

or warming as well as an identified food and drink consumption area. 

 

• If larger containers are used, dispensing cups will be provided. 

 

• The coolers used for storage of potable drinks and cups will be stored in plastic bags away from 

potentially contaminating materials when not in use. 

 

9.2 TOILETS 

If conditions at the facility prevent site personnel from utilizing existing toilet facilities, then one toilet will 

be provided for every 20 people.  The toilets will be unisex and will have locking doors.  The toilet 

provided will either be a chemical toilet and service provider or the flush toilet readily accessible at a 

predetermined approved location at the site where work is being conducted. If necessary the FOL will 

arrange to have toilets moved or delivered and picked up when work is occurring at other sites. 

 

9.3 SHOWERS AND CHANGE ROOMS 

Based on this scope and duration of this project shower facilities and locker rooms will not be required. 
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9.4 BREAK AREA 

As needed, based on the location and the time of the year, structured suitable locations for work breaks 

and cooling regimens will reflect the ambient conditions. Portable shelters such as canopies can be 

provided for protection from the sun as well as to provide a suitable area to permit cooling in a hot 

environment. This may also be suitable for conducting certain field activities within a static position such 

as monitoring well installation and traffic control. 
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10.0 FIRST AID AND CPR TRAINING 

Tetra Tech will ensure that a minimum of two people have current certifications in CPR/AED, first aid, and 

bloodborne pathogens. Other than rendering basic CPR and first aid, these employees are not expected 

to perform emergency medical duties. However, they are authorized to perform emergency rescue or 

other duties up to the level of their training. Emergency Medical Services assistance will be acquired as 

needed.  

 

10.1 FIRST AID EQUIPMENT 

A first aid kit meeting the requirements of OSHA and EM 385-1-1, Section 03.B.01, will be readily 

available at each work site by having the kit available and ready for use. The location of each first aid kit 

shall be clearly marked, and kits shall be protected from the weather and maintained clean. The kit must 

contain all the items listed in Table 10-1 Requirements for Basic Unit Packages (from Section 3 of the EM 

385-1-1 Manual) and include one pocket mouthpiece or CPR barrier and latex gloves. The kit will be 

inspected weekly and items shall be replaced as they are used. 

 

Eye wash units (or bottles of disposable eyewash solution) are maintained during sampling activities due 

to the small quantities of corrosive preservatives and well construction activities due to the caustic nature 

of the cement/grout products.   

 

• These units are acceptable due to extremely small quantity of the corrosives.   

• These will be used as adjunct support until access to a fixed unit or the medical provider at the Vista 

Medical Center West.  

• These units will be maintained in a clean location and inspected each week.  
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TABLE 10-1 
REQUIREMENTS FOR BASIC UNIT PACKAGES 

 
 

Unit first aid item Minimum Size or 
Volume (metric) 

Minimum Size 
or Volume (US) 

Item 
quantity 
per unit 
package 

Unit 
package 

size 

*Absorbent Compress  206 cm2 32 in2 1 1 
* Adhesive Bandage  2.5 x 7.5 cm 1 x 3 in. 16 1 
Antibiotic Treatment  0.9 g 1/32 oz. 6 1 
* Adhesive Tape  457.2 cm 5 yd. (total) 1 or 2 1 or 2 
* Antiseptic Swab.  0.5 g 0.14 fl. Oz. 10 1 
Antiseptic Wipe 2.5 x 2.5 cm 1 x 1 in. 10 1 
Antiseptic Towelette  157 cm2 24 in. 10 1 
Aspirin, Individually Wrapped 325 mg  2 2 
Bandage Compress (2 in.).  5 x 91 cm 2 x 36 in. 4 1 
Bandage Compress (3 in.)  7.5 x 152 cm 3 x 60 in. 2 1 
Bandage Compress (4 in.).  10 x 183 cm 4 x 72 in. 1 1 
Burn Dressing 10 x 10 cm 4 x 4 in. 1 1-2 
* Burn Treatment 0.9 1/32 fl. oz. 6 1 
CPR Barrier    1 1 
Cold Pack 10 x 12.5 cm 4 x 5 in 1 1-2 
Eye Covering, with means of attachment 19 cm2 2.9 in2 2 1 
Eye Wash  30 ml 1 fl. Oz. total 1 2 
Eye Wash & Covering, with means of 
attachment 

30 ml total 
19 cm2 

1 fl. oz. total 
2.9 in2 

1 
2 2 

Gloves, latex free  XL XL 1 pair 1 
Gloves, latex free  L L 1 pair 1 
Roller Bandage (4 in.).  10 x 550 cm 4 in. x 6 yd. 1 1 
Roller Bandage (2 in.) 2 1 5 x 550 cm 2 in. x 6 yd. 2 1 
* Sterile pad  7.5 x 7.5 cm 3 x 3 in. 4 1 
* Triangular Bandage 101 x 101 x 142 cm 40 x 40 x 56 in. 1 1 
* Minimum mandatory contents for basic fill kit 
 

 

10.2 MEDICAL DATA SHEET  

Each field team member, including visitors and subcontractors, entering the exclusion zone(s) shall be 

required to complete and submit a copy of the Medical Data Sheet (see Figure 10-1). This shall be 

provided to the SSO, prior to participating in site activities. The purpose of this document is to provide site 

personnel and emergency responders with additional information that may be necessary in order to 

administer medical attention. Any pertinent information regarding allergies to medications or other special 

conditions should be documented. If an exposure to hazardous materials has occurred, provide 

information on the chemical, physical, and toxicological properties of the subject chemical(s) to medical 

service personnel. 
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10.3 HOSPITAL  

Life-threatening medical emergencies will be handled by the NS Great Lakes Fire and EMS Department.  

They will determine the destination for emergency medical care based on pre-existing medical protocol.   

However, in non-emergency situations, Tetra Tech personnel may transport ambulatory patients to a local 

hospital. The closest emergency department, which will accept non-military personnel, to NS Great Lakes 

is Vista Medical Center West.  A map with directions to this facility is provided in Figure 10-2. 
 

Tetra Tech personnel are instructed to perform a drive-by of the hospital prior to commencing site 

activities to ensure that it is accessible and available and that the most efficient routes (primary and 

alternate) are well mapped. If emergency medical assistance is not required, Tetra Tech personnel may 

contact WorkCare (occupational medicine provider) for additional guidance.  
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11.0 PERSONAL PROTECTIVE EQUIPMENT 

The levels of personal protection to be used for work tasks at the NS Great Lakes site have been 

selected based on the nature of the planned work activities and on the known or anticipated hazards; 

types and concentrations of contaminants that may be encountered onsite; and contaminant properties, 

toxicity, exposure routes, and matrixes.     

 

PPE is selected by the PHSO when writing the APP, and is confirmed through a rigorous review process 

by the Tetra Tech HSM.  To assure proper PPE has been selected, both the physical and chemical 

hazards present at the job site are taken into account in both developing and reviewing safety-related 

documents.   

 

PPE has been selected based on the results of task-specific hazard assessments.  Through the 

completion of employee training (e.g., introductory 40-hour hazardous waste training, annual refresher 

training, etc.), Tetra Tech employees have been informed of the proper selection, use, and care of PPE 

items provided to them.  After PPE is provided to an employee, the responsibility for using and caring for 

it appropriately is the responsibility of that employee.  The SSO is responsible for assuring that these 

responsibilities are fulfilled through daily observations and work area inspections at the sites.  The SSO is 

also responsible for assuring that appropriate and adequate supplies of PPE are maintained such that 

they are readily available for issuance/replacement and in a clean and sanitary manner and location.  The 

site personnel will use the procedures presented in the APP to obtain optimum performance from PPE. 

 

The levels of personal protection to be used for work tasks have been selected based on the nature of the 

planned work activities and on the known or anticipated hazards.  Specific PPE selected for this project is 

listed, by task, in the AHAs located in Section 17.0.  The PPE minimum is as follows: 

 

• Hard hat when near overhead hazards; 

• Long sleeve shirts and pants; 

• Water resistant shoe/boots with slip-resistant soles; and  

• Tyvek® coverall type suits if a chance of soiling clothing 

 

11.1 WORK CLOTHING 

The anticipated levels of protection selected for use by field personnel during site activities is the U.S 

EPA Level D.  If site conditions or the results of air monitoring performed during site activities warrant a 

higher level of protection, the field personnel will withdraw from the site, immediately notify the Tetra Tech 

PHSO, and obtain further instructions.  PPE levels can be upgraded or downgraded based on a change 
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in site conditions or investigation findings.  When a significant change in site conditions occurs, hazards 

will be reassessed.   

 

Site workers shall wear clothing suitable for the weather however minimum requirements for work shall be 

short-sleeve shirt, long pants (excessively long or baggy pants are prohibited) and leather work shoes. 

Safety-toed (or other protective) footwear shall be worn. 

 

11.2 EYE AND FACE PROTECTION 

Safety glasses with side shields shall be worn as stipulated in the AHA and/or determined by the SSO.    

 

11.3 HEARING PROTECTION 

Site activities will involve the use of equipment exceeding occupational noise exposure limit action levels. 

Exposure to noise equal to or exceeding the OSHA 8-hour Time-Weighted Average sound level [85 

decibels adjusted (dBA)] could result in hearing loss.  To minimize this hazard, the SSO will ensure the 

following measures are employed: 

 

• Noise monitoring and worker education on hearing conservation principles. 

 

• Effective use of hearing protection by all personnel working near excessive occupational noise 

sources. 

 

• Where possible, the use of engineering and/or administrative controls to reduce employee exposures 

to noise.  

 

Workers on site will be informed to observe the “noise rule of thumb” on this project, described as follows: 

• In general, if a worker must raise his/her voice to be heard by someone standing next to him/her 

(within 2 feet), noise levels may be exceeding 85 dBA and hearing protection will be required. 

 

11.4 HEAD PROTECTION 

Hard hats shall comply with ANSI Z89.1 and shall be worn by site personnel workers when a head hazard 

exists.  
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11.5 HIGH VISIBILITY APPAREL 

High visibility apparel shall comply with ANSI/ISEA 107, Class 2 requirements at a minimum and shall be 

worn by site workers exposed to vehicular or equipment traffic. 

 

11.6 PROTECTIVE LEG CHAPS 

Not applicable. 

 

11.7 GLOVES 

Leather or cotton work gloves worn by persons involved in activities that expose the hands to cuts, 

abrasions, punctures, burns.  When conducting environmental sampling surgeons style nitrile gloves will 

be worn to protect against contamination and chemical irritants. 

 

11.8  PERSONAL FLOTATION DEVICE 

Not applicable. 
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12.0 MACHINE GUARDS AND SAFEY DEVICES 

Operation of equipment with machine guards and safety devices, such as drill and DPT rigs, will be done 

by operators who have demonstrated the ability and necessary skills to operate safely. Ground-based 

workers will be trained in how to work safely around the equipment, and how to stay clear. Unsafe 

practices by site personnel can create dangerous situations. Serious injuries can occur if the equipment 

strikes a worker.   

 

• Equipment will be inspected and serviced regularly.  

- Complete equipment service in accordance with the manufacturer's recommendation.  

- Periodic safety inspections on all components of the equipment will be conducted by qualified 

personnel.  

 

• Back-up warning alarms must be functional so that it can be heard by all nearby workers.  

 

• Machine guards and covers must be secure and in place. 

 

 

 

 

 

 



  Revision 1 
NS Great Lakes  December 2012 
 

Accident Prevention Plan  13-1 CTO F27A 
 

13.0 HAZARDOUS SUBSTANCES 

13.1 HAZARD COMMUNICATION 

Site operations will be compliant with the provisions of the OSHA Hazard Communication 29 CFR 

1910.1200(f) Standard.  

 

13.1.1 MSDS 

Tetra Tech and subcontractor personnel will provide MSDSs for chemicals brought onsite.  The contents 

of these documents will be reviewed by the SSO with the user(s) of the chemical substances prior to any 

actual use or application of the substances onsite.  The MSDSs will then be maintained in a central 

location (i.e., temporary office) and will be available for anyone to review upon request.   

 

13.1.2 Chemical Inventory 

The SSO is responsible to develop and maintain an accurate chemical inventory list for the chemicals that 

will be used and stored at that workplace, 

 

13.1.3 Container Labeling 

When a chemical is brought onsite, the SSO is responsible for its receipt will verify that the container is 

properly labeled with the following information:  

 

• Name of the chemical substance 

• Appropriate hazard warning  

• Name and address of the chemical manufacturer. 

 

13.2  CONTAMINATION CHARACTERIZATION 

Based on an evaluation of data, in combination with historical information about the site, the primary 

contaminants of concern (COCs) at this site are metals (including Aluminum, Arsenic, Barium, Lead, 

Manganese, and Zinc).  It is not anticipated that levels of these constituents will be encountered that are 

of concern to field crews.  Previous sampling data has indicated very low concentrations of polynuclear 

aromatic hydrocarbons (PAH’s) which do not indicate a problem for field personnel.  However, it is 

recommended that exposure (via inhalation, ingestion, or skin contact) to these contaminants be 

minimized through the use of PPE and good work hygiene practices.  Table 13-1 lists the current 

occupational exposure limits (OEL) for the COC (metals).   
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TABLE 13-1 

CURRENT OCCUPATIONAL EXPOSURE LIMITS 
 

 
Table Notes:  
TWA8: Time-weighted average exposure concentration for a conventional 8-hour work period that is not to be 

exceeded.  
mg/kg: milligrams per kilogram 
mg/m3: milligrams per cubic meter 
 
 
Based on current site information and these calculations, the amount of dust-in-air that would have to be 

generated to reach the current OELs is 14.79 mg/m3, which is greater than the amount of dust visible to 

the naked eye (2.5 mg/m3).  Therefore, a dust monitor will not be necessary at this site, and area wetting 

methods will be used to control dust if visible dust generation is observed. 

 

13.2.1 Properties and Exposure Signs/Symptoms of Metals 

The physical effects of poisoning from the heavy metals tend to be a very slow process and occur over a 

long period of continued exposure to the source of the toxic metal.  The physical symptoms which are 

typically induced by the presence of toxic metals in the body tend to be very vague and can include 

symptoms such as persistent fatigue, the appearance of splitting and blinding headaches, the presence of 

an upset stomach, disorders such as colic and even anemia in some cases. The central nervous system 

is the main part of the human body likely to be affected by the presence of toxic metals. Symptoms of a 

disrupted central nervous system include the appearance of muscular tremors, the development of spells 

of dizziness, the presence of insomnia, the poor concentration abilities in the person and a sudden lack of 

muscular coordination in the body. 

 

13.2.2 Lead 

The effects of lead exposure are the same whether it enters the body through inhalation or ingestion.  

Lead can affect almost every organ and system in the body.  The main target for lead toxicity is the 

central nervous system, both in adults and children.  Long-term exposure to lead in adults can result in 

decreased performance in some tests that measure functions of the nervous system.  It may also cause 

weakness in fingers, wrists, or ankles.  Lead exposure also causes small increases in blood pressure, 

particularly in middle-aged and older people, and can cause anemia.  Exposure to high lead levels can 

COC Highest Concentration 
Previously Detected (mg/kg) 

Amount of Dust-In-Air that 
would have to be generated 

to reach the OEL (mg/m3) 
Current OEL (mg/m3) 

Aluminum 11,700 mg/kg 106.84 mg/m3 15 TWA 
Arsenic 25 mg/kg 25 mg/m3 0.01 TWA8 
Barium 423 mg/kg 295.51 mg/m3 0.5 TWA8 
Lead 845 mgkg 14.79 mg/m3 0.05 TWA8 

Manganese 846 mgkg 846 mg/m3 59.1 TWA 
Zinc 1530 mg/kg 816.99 mg/m3 NA 



  Revision 1 
NS Great Lakes  December 2012 
 

Accident Prevention Plan  13-3 CTO F27A 
 

severely damage the brain and kidneys in adults or children and ultimately cause death.  In pregnant 

women, high levels of exposure to lead may cause miscarriage.  High level exposure in men can damage 

the organs responsible for sperm production. 

 

13.2.3 Arsenic 

Inorganic arsenic is a human poison, and large oral doses above 60,000 parts per billion (ppb) in water 

can result in death.  If swallowed, lower levels of inorganic arsenic (from about 300 to 30,000 ppb in 

water), you may experience irritation of your stomach and intestines, with symptoms such as 

stomachache, nausea, vomiting, and diarrhea.  Other effects might be from swallowing inorganic arsenic 

include decreased production of red and white blood cells, which may cause fatigue, abnormal heart 

rhythm, blood-vessel damage resulting in bruising, and impaired nerve function causing a "pins and 

needles" sensation in the hands and feet.  

 

The most characteristic effect of long-term oral exposure to inorganic arsenic is a pattern of skin changes. 

These include patches of darkened skin and the appearance of small "corns" or "warts" on the palms, 

soles, and torso, and are often associated with changes in the blood vessels of the skin. Skin cancer may 

also develop. Swallowing arsenic has also been reported to increase the risk of cancer in the liver, 

bladder, and lungs. It has been determined that inorganic arsenic is a known human carcinogen  

 

High levels of inorganic arsenic inhaled will likely cause a sore throat and irritated lungs and some of the 

skin effects mentioned above.  Longer exposure at lower concentrations can lead to skin effects, and also 

to circulatory and peripheral nervous disorders.  An important concern is the ability of inhaled inorganic 

arsenic to increase the risk of lung cancer. This has been seen mostly in workers exposed to arsenic at 

smelters, mines, and chemical factories, but also in residents living near smelters and arsenical chemical 

factories.   If you have direct skin contact with high concentrations of inorganic arsenic compounds, your 

skin may become irritated, with some redness and swelling. However, it does not appear that skin contact 

is likely to lead to any serious internal effects. 

 

13.2.4 PAH’s  

A PAH is a semi volatile organic compound (SVOC) which is a water or soil contaminant such as diesel 

and motor oils, herbicides, pesticides, and combustion residues. A SVOC is an organic compound which 

has a boiling point higher than water and which may vaporize when exposed to temperatures above room 

temperature. SVOCs include a variety of chemicals, which may have short and long term adverse health 

effects. The health effects can vary greatly from those that are highly toxic, to those which at present, 

have no known health effects. Many are suspected to be cancer causing in humans and some are known 

to be carcinogenic in animals and humans e.g. benzo(a)pyrene. Other SVOCs have also been shown to 
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be reproductive toxicants based on animal studies e.g. phthalates and have been linked to asthma, 

allergies, and other bronchial irritations. Organ system toxicity (non-reproductive), cancer, birth or 

developmental effects, brain and nervous system, Reproduction and fertility, Immune system (including 

sensitization and allergies). The three primary routes of exposure for humans are: 

 

• Ingestion (swallowing), 

• Respiration (lungs), and 

• Dermal absorption (through the skin). 

 

The suspected health effects cover a broad range including, but not limited to, sensory irritation 

symptoms, allergies and asthma, neurological and liver toxicity, and cancer.  SVOC’s volatilize slowly at 

standard temperature (20 degrees C and 1 atm pressure). 
 

13.2.5 Potential Routes of Exposure 

Inhalation:  Based on the data from previous investigations at this worksite, worker exposure to airborne 

concentrations that could represent a health concern is not considered to be likely.    It is also important to 

keep in mind that the planned work area is outdoors, with ample natural ventilation that will reduce any 

airborne particulates through dilution and dispersion.   

 

In addition, examples of onsite practices to be observed that will protect workers from exposure via 

inhalation include: 

 

• Proper PPE use and hygiene care 

• Proper airborne monitoring and use of area wetting techniques, when visible dust is generated 

• Working upwind of equipment such as drill rigs that may be generating dust 

 

Ingestion and Skin Contact:  Potential exposure to metals may also occur through ingesting or coming 

into direct skin contact with contaminated soils.  However, the likelihood of worker exposure concerns 

through these two routes are considered very unlikely, provided that workers follow good personal 

hygiene and standard good sample collection/sample handling practices, and wear appropriate PPE as 

specified in this APP.  Examples of onsite practices that are to be observed that will protect workers from 

exposure via ingestion or skin contact include the following: 

 

• No hand-to-mouth activities on site (eating, drinking, smoking, etc.) 

• Washing hands upon leaving the work area and prior to performing any hand to mouth activities 
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• Wearing proper gloves whenever handling potentially-contaminated media, including soils, hand 

tools, and sample containers. 

 

13.2.6 Properties and Exposure Signs/Symptoms of Metals 

The physical effects of poisoning from the heavy metals tend to be a very slow process and occur over a 

long period of continued exposure to the source of the toxic metal.  The physical symptoms which are 

typically induced by the presence of toxic metals in the body tend to be very vague and can include 

symptoms such as persistent fatigue, the appearance of splitting and blinding headaches, the presence of 

an upset stomach, disorders such as colic and even anemia in some cases. The central nervous system 

is the main part of the human body likely to be affected by the presence of toxic metals. Symptoms of a 

disrupted central nervous system include the appearance of muscular tremors, the development of spells 

of dizziness, the presence of insomnia, the poor concentration abilities in the person and a sudden lack of 

muscular coordination in the body. 

 

13.3 EXPOSURE MONITORING/AIR SAMPLING PROGRAM 

None of the chemical contaminants are expected to be present in significant concentrations to present an 

inhalation hazard during planned site activities.  Contaminants of concern are non-volatile and were 

previously detected at low concentrations that are unlikely to pose a significant exposure threat to site 

personnel via inhalation, negating the need to monitor contaminant-specific airborne concentration.  

Additionally, several site activities will involve collecting samples that will be wet and/or saturated with 

water, which will further minimize the exposure potential.   

 

13.4 MEDICAL SURVEILLANCE 

Personnel performing onsite work that will result in exposure to contaminant-related health and safety 

hazards shall be enrolled in a medical surveillance program that complies with OSHA standards 29 CFR 

1910.120 (f) and 29 CFR 1926.65 (f).  Certification of medical surveillance program participation is 

appended to the APP.  The certification shall include: 

 

• Employee name 

• Date of last examination 

• Name of examining physician(s). 

 

The required written occupational physician’s opinion shall be made available upon request to the Navy 

Contracting Officers Representative.  The medical records shall be maintained in accordance with 29 

CFR 1910.1020.  Attachment I contains the certification of participation in a medical surveillance program.   
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13.5   DECONTAMINATION 

This section provides decontamination procedures and guidelines for developing site and activity specific 

decontamination procedures. 

 

13.5.1 Responsibilities 

The PHSO shall ensure that decontamination measures are adequately addressed in the Site Specific 

Health and Safety Plan.  The SSO is responsible for establishing a decontamination area.  The SSO also 

ensures that adequate decontamination procedures are followed to prevent contamination of individuals 

or the environment beyond the exclusion zone.  The PM will ensure that sufficient information has been 

provided to the PHSO to prepare adequate decontamination procedures for inclusion in the APP. 

 

13.5.2 Personal Decontamination 

The decontamination will consist of a soap/water wash and rinse for outer protective equipment (e.g., 

boots, gloves, PVC splash suits, etc.).  This function will take place at an area adjacent to the drilling 

operations bordering the support zone.   

 

This decontamination procedure will consist of: 

 

• Equipment drop 

• Soap/water wash and rinse of outer gloves and outer boots, as applicable 

• Soap/water wash and rinse of the outer splash suit, as applicable 

• Wash hands and face, leave contamination reduction zone 

 

The FOL/SSO will determine the organization and materials used.  Factors that are considered include: 

the extent and type of hazard expected, meteorological conditions, topography, levels of protection 

selected, and availability of equipment and supplies.   

 

13.5.3   Equipment Decontamination 

Sampling equipment will be decontaminated as stated per the requirements in the Sampling and Analysis 

Plan and/or Work Plan.  MSDS for any decontamination solutions (such as Alconox®, methanol, 

isopropanol, hexane, etc.) will be obtained and used to determine proper handling / disposal methods and 

protective measures (PPE, first-aid, etc.). The sampling equipment used will require a complete 

decontamination between locations and prior to removal from the site. 
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The equipment decontamination will take place at a centralized decontamination pad utilizing steam or 

pressure washers.  Heavy equipment, such as drill rigs, will have the wheels and tires cleaned along with 

any loose debris removed, prior to transporting to the central decontamination area.  The site vehicles will 

be restricted access to exclusion zones, or also have their wheels/tires sprayed off as not to track mud 

onto the roadways servicing this installation.  Roadways shall be cleared of any debris resulting from the 

onsite activity. 

 

The equipment used in the exclusion zone will require a complete decontamination between locations 

and prior to removal from the site. The FOL or the SSO will be responsible for evaluating equipment 

arriving onsite and that which is to leave the site.  Equipment will only be authorized access or exit with 

this authorization. Evaluation will consist of a visual inspection to ensure that visible contamination has 

been effectively removed. 

 

13.5.4 Closure of the Decontamination Line 

When the decontamination line is no longer needed, it will be closed down by site personnel.  The 

disposable items used during the operation will be double-bagged and contained onsite, or removed to an 

approved off-site disposal facility.  Decontamination and rinse solutions may be discarded onsite if 

approved by regulatory agencies.  If not, they will be removed to an approved disposal facility.  Reusable 

rubber clothing should be dried and prepared for future use.  If gross contamination had occurred, 

additional decontamination or disposal of these items may be required.  Cloth items must be bagged and 

removed from the site for final cleaning or disposal.  Wash tubs, pails, containers, etc., must be 

thoroughly washed, rinsed, and dried before removal from the site. 

 

13.6 DRUM/CONTAINER/TANK HANDLING 

During the execution of the contract, various types and quantities of generated waste materials will be 

generated and may include, but not be limited to, PPE excess soil, and limited quantities of 

decontamination fluids.  Personnel are permitted to handle and/or sample drums containing known waste 

sources/materials, but handling or sampling of other drums (unknowns) requires an APP revision or 

amendment approved by the Tetra Tech HSM. The following control measures must be taken when 

managing drums containing waste sources/materials: 

 

• Minimize transportation of drums or other containers with generated waste materials.  

- However, where this is deemed necessary, appropriate drum dollies, hand trucks or other 

suitable material handling equipment shall be used to transfer drums of generated waste 

materials. 
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• Sample or open only labeled drums or drums known to contain generated waste materials.  

 

• Unknown drums or drums that show evidence of excessive buckling/ bulging, corrosion, vapors, 

crystallization, unusual discoloration or other abnormalities may only be sampled with: 

- Evaluation of engineering controls,  

- Proper PPE air monitoring equipment and  

- Use of properly trained personnel familiar with the sampling of unknown drum contents.  

 

• Use caution when sampling bulging or swollen drums.  

- Relieve pressure slowly and step away from the drum as pressure is being released. 

 

• If drums contain, or potentially contain, flammable materials, use non-sparking (i.e., brass) tools to 

open the drum. 

- Picks, chisels, and firearms may not be used to open drums. 

 

• Reseal bung holes or plugs whenever possible. 

 

• Avoid mixing incompatible drum contents. 

 

• Sample drums without leaning over the drum opening. 

 

• Transfer the content of drums using a method that minimizes contact with material. 

 

• PPE worn to minimize potential dermal to identified contaminants of concern.  

 

• Good personal hygiene practices and procedures must be maintained. 
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14.0 TRAFFIC CONTROL 

Hazards associated with vehicular and equipment traffic are likely to exist during various site activities 

and whenever site personnel performed work on or near roadways.  If required, to minimize the potential 

for injuries associated with these hazards, a traffic control plan will be prepared and submitted for 

approval by the local authorities in accordance with the Illinois Manual on Uniform Traffic Control Devices 

(IMUTCD) which consists of the National Manual on Uniform Traffic Control Devices (NMUTCD) issued 

by the Federal Highway Administration as amended by the Illinois Supplement to the MUTCD.   

 

A subcontractor will be present to implement the traffic control plan through the use of warning signs, 

traffic cones, and flagmen.  Additionally, site personnel will be instructed to maintain awareness of traffic 

and moving equipment when performing site activities.  When working near roadways, site personnel will 

wear high visibility vests.   

 

Site personnel and subcontractors will follow the local traffic rules. Site vehicles will yield to bicycles and 

pedestrians. Personnel working in areas subject to vehicular traffic (streets, parking lots, and so forth) will 

wear high-visibility safety vests. Flashing light or reflectorized barricades will be used for roads that are 

blocked due to equipment placement. 

 

14.1 SITE 12 TRAFFIC CONTROL PROCEDURES 

When working in traffic areas (roads, parking lots etc.) the area will be marked and controlled as follows: 

 

• 4 foot orange traffic cones ringed with yellow barrier tape that state “DO NOT ENTER” will either stop all 

traffic from entering the area or the drilling/sampling site will be surrounded  

 

• Warning signs will be posted stating “"MEN WORKING" signage in accordance with the MUTCD 

posted 100’ in advance of the work area. 

 



  Revision 1 
NS Great Lakes  December 2012 
 

Accident Prevention Plan  15-1 CTO F27A 
 

15.0 CONTROL OF HAZARDOUS ENERGY (LOCKOUT/TAGOUT) 

Lockout refers to the specific steps taken to safeguard employees from the unexpected startup of 

machinery and equipment, or the release of hazardous energy, during setup, service, or repair.  When 

equipment is being repaired, a lock will be placed on the energy source, control, or isolating device. The 

SSO will meet with the drilling subcontractor and determine the type of equipment used, and procedures 

and assigned responsibilities to be used on site. The following critical elements will be discussed: 

 

• The SSO and the subcontractor will clearly define when a lockout needs to occur.   

 

• All potential energy sources will be identified. Simply disconnecting the main power switch is not 

sufficient, as other types of energy may exist, such as hydraulic, electric, thermal, radioactive, 

pneumatic, gravity, and chemical energy.  Any stored energy will be drained, released, or blocked as 

needed. 

 

• The energy isolating devices will be correctly located. To achieve proper equipment isolation, an 

energy isolating device – such as a circuit breaker, disconnect switch, or gate valve – will be found, 

tagged, and locked out in the closed position. 

 

• Site equipment operators will be informed of the lockout. A sudden loss of power could be dangerous 

if workers are not aware of the situation and are still working on the machinery. 

 

• Locks will be attached along with a warning tag indicating the date, purpose, and length of the lockout 

and who installed the lock. If there are several employees working on a job, each worker will attach 

his or her own lock to a multiple-locking device. 

 

• Uniquely keyed locks will be used (that come with only one key) to ensure that employees cannot 

remove each other’s locks. 

 

• After the lockout procedures have been performed, the operation of the machinery will be tested to 

ensure that all energy sources have been secured.  

 

• Locked-out equipment will be returned to service only after all start-up procedures established by the 

SSO have been followed. Special attention will be given to make sure all obstructions have been 

cleared, machine safeguards have been replaced, locks have been removed (in the correct order), 

and all workers have been notified and are free of the area. 
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16.0 SUPPLEMENTAL PLANS OR ADDITIONAL INFORMATION 

16.1 LAYOUT PLANS 

This section outlines the means to delineate work zones and use these work zones in conjunction with 

decontamination procedures to prevent the spread of contaminants into previously unaffected areas.  

 

16.1.1  C  

It is anticipated that a three-zone approach will be used during work at this site.  This approach will be 

comprised of an exclusion zone, a contamination reduction zone, and a support zone.  It is also 

anticipated that this approach will control access to site work areas, restricting access by the general 

public, minimizing the potential for the spread of contaminants, and protecting individuals who are not 

cleared to enter work areas.  Site personnel entering the exclusion zone and contamination reduction 

corridor will log-in and log-out with the FOL/SSO on a daily basis.  This information will be kept in the 

FOL/SSO project log book. 

 

16.1.1.1 Exclusion Zone 

The exclusion zone will be considered those areas of active operations plus an established safety zone 

depending on the task.  The following represent the exclusion zone boundaries for the following identified 

tasks: 

 

• Soil Boring and Monitoring well installation – height of mast plus 25 feet 

• Soil and or Groundwater sampling – 10 feet from point of sampling 

• Low pressure decontamination activities – 10-feet  

• High Pressure washing and heavy equipment decontamination operations –  35-feet  

• IDW Storage area – Authorized personnel only 

 

Exclusion zones will be delineated using barrier tape, cones and/or drive poles, and postings to inform 

and direct facility site personnel and visitors, as necessary.  See Section 14.1. 

 

A pre-startup site visit will be conducted to identify proposed subsurface investigation locations, conduct 

utility clearances, and provide notices concerning scheduled activities. 
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16.1.1.2 Contamination Reduction Zone 

The contamination reduction zone (CRZ) will be a buffer area between the exclusion zone and any area 

of the site where contamination is not suspected.  This area will also serve as a focal point in supporting 

exclusion zone activities.  This area will be marked using barrier tape, cones, and postings to inform and 

direct facility personnel.  Decontamination will be conducted at a central location.  Equipment potentially 

contaminated will be bagged and taken to that location for decontamination.   

 

16.1.1.3 Support Zone 

The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained.  The support zones will be 

established at areas of the site away from potential exposure to site contaminants during normal working 

conditions or foreseeable emergencies. 

 

16.1.2  Site Visitors 

Site visitors for the purpose of this document are identified as representing the following groups of 

individuals: 

 

• Personnel invited to observe or participate in operations by Tetra Tech 

• Regulatory personnel (i.e., DoD, EPA, OSHA) 

• Authorized Navy personnel 

• Other authorized visitors 

 

Non-Tetra Tech personnel working on this project are required to gain initial access to the base by 

coordinating with the Tetra Tech FOL or designee and following established base access procedures.   

Site visitors will be escorted and restricted from approaching any work areas where they could potentially 

be exposed to hazardous chemicals.  If a visitor has authorization from the client and from the Tetra Tech 

PM to approach our work areas, the FOL must ensure that the visitor first provides documentation 

indicating that he/she/they have successfully completed the necessary OSHA introductory training, 

receive site-specific training from the SSO and that they have been physically cleared to work on 

hazardous waste sites.   

 

16.1.3  Site Security 

Site security will be accomplished using Tetra Tech field personnel.  Tetra Tech will retain complete 

control over active operational areas.  As this activity takes place at a Navy facility open to public access, 
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the first line of security will take place at the base boundaries restricting the general public.  The second 

line of security will take place at the work site referring interested parties to the Base Contact.  The Base 

Contact will serve as a focal point for base personnel, interested parties, and serve as the final line of 

security and the primary enforcement contact. 

 

16.2 ACCESS AND HAUL ROAD PLAN 

Not applicable. 

 

16.3 RESPIRATORY PROTECTION PLAN 

Not applicable. 

 

16.4 LEAD ABATEMENT PLAN 

Not applicable. 

 

16.5 ASBESTOS ABATEMENT PLAN 

Not applicable. 

 

16.6 RADIATION SAFETY PROGRAM 

Not applicable. 

 

16.7 ABRASIVE BLASTING 

Not applicable. 

 

16.8 HEAT/COLD STRESS MONITORING PLAN 

It is necessary for the field team to be aware of the signs and symptoms and the measures appropriate to 

prevent heat and cold stress.  While it is unlikely, if such conditions are encountered use the following 

information on heat and cold stress recognition, prevention and control. 

 

Ambient temperature extremes (hot or cold working environments) may occur during performance of 

hazardous waste work depending on the project schedule.  Work performed when ambient air 

temperatures are below 50 degrees Fahrenheit (°F) may result in varying levels of cold stress (frost nip, 

frost bite, and/or hypothermia) depending on environmental factors such as temperature, wind speed, and 
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humidity; physiological factors such as metabolic rate and moisture content of the skin; and other factors 

such as work load and the protective clothing being worn.  Work performed when ambient temperatures 

exceed 70°F may result in varying levels of heat stress (heat rash, heat cramps, heat exhaustion, and/or 

heat stroke) depending on factors similar to those presented above for cold stress. 

 

In either case, these conditions can be debilitating and, when extreme, they can be fatal.  An 

understanding of the importance in preventing heat/cold stress, coupled with the worker's awareness of 

the signs and symptoms of overexposure, can significantly reduce the potential for adverse health effects.  

If this hazard is present during site operations, each worker will be provided with information necessary to 

protect themselves, and site management will be instructed to permit frequent breaks in mild temperature 

rest areas having hot/cold fluids available for consumption.  When site personnel are required to wear 

semi-permeable (Saranex, Tyvek) or impermeable protective clothing to perform their assigned tasks and 

ambient temperatures are 70°F or higher, biological monitoring may be performed and data compared to 

the most recent recommendations of the American Conference of Governmental Industrial Hygienists 

(ACGIH).   

 

16.8.1 Heat Related Disorders 

There are four heat related disorders to monitor while performing work onsite. 

 

16.8.1.1 Heat Rash 

Also known as prickly heat, this condition affects the skin.  It occurs in situations where the skin remains 

wet most of the time.  The sweat ducts become plugged and a skin rash soon appears. 

 

16.8.1.1.1 Signs and Symptoms 

• Skin rash will appear on affected areas of the body. 

• Tingling or prickling sensation will be felt on the affected areas. 

 

16.8.1.2 Heat Cramps 

Heat cramps are muscle pains, usually in the lower extremities, the abdomen, or both, that occur after 

profuse sweating with accompanying salt depletion.  Heat cramps most often afflict people in good 

physical condition, who overwork in conditions of high temperature and humidity.  Untreated, heat cramps 

may progress to heat exhaustion. 
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16.8.1.2.1 Signs and Symptoms 

Cramps in the extremities and abdomen that begin suddenly during vigorous activity.  Heat cramps can 

be mild with only slight abdominal cramping and tingling in the extremities, but more commonly present 

intense and incapacitating pain in the abdomen and extremities. 

 

• Respiration rate will increase, decreasing after the pain subsides. 

• Pulse rate will increase. 

• Skin will be pale and moist. 

• Body temperature will be normal. 

• Generalized weakness will be noted as the pain subsides. 

• Loss of consciousness and airway maintenance are seldom problems with this condition. 

 

Treatment for heat cramps is aimed at eliminating the exposure and restoring the loss of salt and water. 

 

16.8.1.3 Heat Exhaustion 

Heat exhaustion is a more severe response to salt and water loss, as well as an initial disturbance in the 

body's heat-regulations system.  Like heat cramps, heat exhaustion tends to occur in people working in 

hot environments.  Heat exhaustion may progress to heat stroke.  Treatment for heat exhaustion is similar 

in principle to that for heat cramps. 

 

16.8.1.3.1 Signs and Symptoms 

• Heat exhaustion may be accompanied present by a headache, fatigue, dizziness, or nausea with 

occasional abdominal cramping.  

• More severe cases of heat exhaustion may result in partial or complete temporary loss of respiration 

and circulation due to cerebral ischemia. 

• Sweating will be profuse. 

• Pulse rate will be rapid and weak. 

• Respiration rate will be rapid and shallow. 

• The skin will be pale and clammy. 

• The body temperature will be normal or decreased. 

• The person could be irritable and restless. 
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16.8.1.4 Heat Stroke 

Heat stroke is caused by a severe disturbance in the body's heat-regulating system and is a profound 

emergency:  The mortality rate ranges from 25 to 50 percent.  It can also occur from having too much 

exposure to the sun or prolonged confinement in a hot atmosphere.  Heat stroke comes on suddenly.  As 

the sweating mechanism fails, the body temperature begins to rise precipitously, reaching 106°F (41°C) or 

higher within 10 to 15 minutes.  If the situation is not corrected rapidly, the body cells -- especially the 

very vulnerable cells in the brain--are literally cooked, and the central nervous system is irreversibly 

damaged.  The treatment for heat stroke is aimed at maintaining vital functions and causing as rapid a 

decrease of body temperature as possible. 

 

16.8.1.4.1 Signs and Symptoms 

• The person's pulse will be strong and bounding. 

• The skin will be hot, dry, and flushed. 

• The worker may experience headache, dizziness, and dryness of mouth 

• Seizures and coma can occur. 

• Loss of consciousness and airway maintenance problems can occur. 

 

16.8.1.5 Controlling Heat Stress 

The following control measures are only guidelines for heat related emergencies.  Actual training in 

emergency medical care or basic first aid is recommended.  Employees will monitor one another for signs 

of heat stress.  If indications of heat stress occur, the following corrective measures will be performed: 

 

• Inform affected workers of the signs and symptoms of heat stress and encourage co-worker 

observations. 

 

• Schedule tasks that are physically-demanding in early morning and late afternoon timeframes when 

heavy loads would be less of an issue. 

 

• Notify the SSO who may perform biological monitoring to determine the extent of the heat related 

condition.  

 

• The SSO may alter the work regime that will provide adequate rest periods for cooling down.  This 

may require additional shifts of workers. 

 



- 
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• The SSO may also recommend cooling devices such as vortex tubes or cooling vests be worn 

beneath protective garments. 

 

• When conditions where heat related disorders may be experienced, the SSO through site-specific 

training and safety briefing will inform site personnel of the importance of adequate rest, acclimation, 

and proper diet in the prevention of heat stress. 

 

• Provide adequate liquids to replace lost body fluids.   

 

• Personnel must replace water and salt lost from sweating. 

 

• Personnel must be encouraged to drink more than the amount required to satisfy thirst. 

 

• Thirst satisfaction is not an accurate indicator of adequate salt and fluid replacement. 

 

• Approximately 1 cup of cool water every 20 minutes is recommended. 

 

• Replacement fluids can be commercial mixes such as Gatorade®. 

 

• Move affected persons into a shaded cool rest area (below 77°F is best). 

 

• Personnel shall remove impermeable protective garments during rest periods.  

 

• Personnel shall not be assigned other tasks during rest periods. 

 

• One of the following biological monitoring procedures may be utilized by the SSO to monitor heat 

stress concerns.   

 

• Heart rate (HR) shall be measured by the pulse for 30 seconds as early as possible in the resting 

period.  The HR at the beginning of the rest period should not exceed 110 beats/minute.   

 

• If the HR is higher, the next work period should be shortened by 10 minutes (or 33%), while the 

length of rest period stays the same.   

 

• If the pulse rate is 100 beats/minute at the beginning of the next rest period, the following work cycle 

should be shortened by 33%.   
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• The length of the initial work period will be determined by using the table below. 

 

TABLE 16-1 

PERMISSIBLE HEAT EXPOSURE THRESHOLD LIMIT VALUES 

Work-Rest Regimen 
Work Load 

Light Moderate Heavy 

Continuous 80.0°F 80.0°F 77.0°F 

75% Work - 25% Rest, Each Hour 87.0°F 82.4°F 78.6°F 

50% Work - 50% Rest, Each Hour 88.5°F 85.0°F 82.2°F 

25% Work - 75% Rest, Each Hour 90.0°F 88.0°F 86.0°F 

 

Body temperature shall be measured orally with a digital thermometer with disposable probe covers or an 

aural/temporal temperature sensor as early as possible in the resting period.  Oral temperature (OT) at 

the beginning of the rest period should not exceed 99°F.  If it does, the next work period should be 

shortened by 10 minutes (or 33%), while the length of the rest period stays the same.  However, if the 

oral temperature exceeds 99.7°F at the beginning of the next rest period, the following work cycle shall be 

further shortened by 33%.  OT should be measured at the end of the rest period to make sure that it has 

dropped below 99°F.  At no time shall work begin with the oral temperature above 99°F. 

 

NOTE: External temperatures in excess of those stated above shall be regarded as inclement weather.   

 

16.8.1.5.1 Temperature Extremes – Heat Stress Indication 

Temperature extremes are considered inclement weather.  Steps should be taken to the extent possible 

protect site personnel from the effects of heat stress and the sun.  Control measures include: 

 

• Watch for signs of heat stress/exhaustion, see Table 16-2. 

• Provide fluid replacement. 

• Provide adequate number of breaks within a cooler environment. 

 

Care should be exercised when working outdoors due to harmful effects of the sun.  To reduce the potential 

for sunburn and melanoma use the following measures: 

 

• Wear a hat that shades the face, neck, and ears. 

 

• Apply sunscreen with a SPF of 15 or higher liberally on any exposed skin at least 15 minutes before 

going outside, then at least every two hours, more if you are sweating a lot. 
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• Plan/provide suitable equipment to offer shade to avoid the midday sun since the sun's ultraviolet 

rays are most intense between 10 AM and 4 PM and can damage your skin even on hazy days.  

Portable canopies over the sample station are an example of this. 

 

• Wear wrap-around sunglasses to protect the eyes and delicate skin around them.  

 

TABLE 16-2 
 

HEAT STRAIN SYMPTOMS 
 

Stop work if any worker demonstrates any of the following:  
 

Heart Rate Sustained (several minutes) heart rate minus worker’s age > than 180 beats per minute 
(bpm) measured at any time. 

Body Core Temperature > 101.3ºF (38.5º C) 

Recovery Heart Rate > 110 bpm (measured 1 minute after peak work effort) 

Other symptoms Sudden and sever fatigue, nausea, dizziness, or headache 

 

Individuals may be at greater risk of heat stress when: 

 

• Profuse sweating is sustained over hours 

• Weight loss over a shift is > 1.5% of beginning body weight 

• 24-hour urinary sodium excretion is less than 50 nmoles 

 

16.8.1.5.2 First Aid for Heat Stroke 

Take the following steps to treat a worker with heat stroke:  

 

• Call NS Great Lakes Emergency Dispatch Center and notify FOL/SSO.  

• Move the affected individual to a cool shaded area.  

• Cool the worker using methods such as:  

- Soaking their clothes with water.  

- Spraying, sponging, or showering them with water.  

- Fanning their body.  

 

16.8.1.5.3 First Aid for Heat Exhaustion 

Treat victim suffering from heat exhaustion with the following:  

 

• Have them rest in a cool, shaded or air-conditioned area.  
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• Have them drink plenty of water or other cool, nonalcoholic beverages.  

• Have them take a cool shower, bath, or sponge bath.  

 

16.8.1.5.4 First Aid for Heat Cramps 

Individuals with heat cramps should:  

 

• Stop all activity, and sit in a cool place.  

• Drink clear water, juice or a sports beverage.  

• Do not return to strenuous work for a few hours after the cramps subside because further exertion 

may lead to heat exhaustion or heat stroke.  

• Seek medical attention if any of the following apply:  

- The person has heart problems.  

- The person is on a low-sodium diet.  

- The cramps do not subside within one hour.  

  

16.8.1.5.5 First Aid for Heat Rash 

Workers experiencing heat rash should:  

 

• Try to work in a cooler, less humid environment when possible.  

• Keep the affected area dry.  

• Dusting powder may be used to increase comfort.  

 

16.8.2 Cold Stress Related Disorders 

Just as heat can present a problem for on-site personnel during certain activities, so can cold 

temperatures. Just as the heat related disorders are magnified by environmental conditions and the tasks 

to be completed, so are the cold related disorders. As above, the focus is on recognizing conditions 

contributing to cold related disorders and selecting the most appropriate control measure.  

 

The ACGIH cold stress Threshold Limit Values (TLVs) are recommended to protect workers from the 

severest effects of cold stress (hypothermia) and cold injury and to describe exposures to cold working 

conditions under which it is believed that nearly all workers can be repeatedly exposed without adverse 

health effects.  The TLV objective is to prevent the deep body temperature from falling below 36 degrees 

centigrade (°C) or (96.8°F) and to prevent cold injury to body extremities (deep body temperature is the 

core temperature of the body determined by conventional methods for rectal temperature 

measurements).  For a single, occasional exposure to a cold environment, a drop in core temperature to 
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no lower than 35°C (95°F) should be permitted.  In addition to provisions for total body protection, the TLV 

objective is to protect all parts of the body with emphasis on hands, feet, and head from cold injury. 

 

Fatal exposures to cold among workers have almost always resulted from accidental exposures involving 

failure to escape from low environmental air temperatures or from immersion in low temperature water.  

The single most important aspect of life-threatening hypothermia is the fall in the deep core temperature 

of the body.  The clinical presentations of victims of hypothermia are shown in Table 16-3.  Workers 

should be protected from exposure to cold so that the deep core temperature does not fall below 36°C 

(96.8°F); lower body temperatures will very likely result in reduced mental alertness, reduction in rational 

decision making, or loss of consciousness with the threat of fatal consequences. 

 

TABLE 16-3 
PROGRESSIVE CLINICAL PRESENTATIONS OF HYPOTHERMIA* 

 
Core Temperature Clinical Signs 

°C °F 
37.6 99.6 "Normal" rectal temperature 
37 98.6 "Normal" oral temperature 
36 96.8 Metabolic rate increases in an attempt to compensate for heat loss 
35 95.0 Maximum shivering 
34 93.2 Victim conscious and responsive, with normal blood pressure 
33 91.4 Severe hypothermia below this temperature 
32 89.6 Consciousness clouded; blood pressure becomes difficult to obtain; pupils 

dilated but react to light; shivering ceases 31 87.8 
30 86.0 Progressive loss of consciousness; muscular rigidity increases; pulse and 

blood pressure difficult to obtain; respiratory rate decreases 
29 84.2 
28 82.4 Ventricular fibrillation possible with myocardial irritability  

27 80.6 Voluntary motion ceases; pupils nonreactive to light; deep tendon and 
superficial reflexes absent 

26 78.8 Victim seldom conscious 
25 77.0 Ventricular fibrillation may occur spontaneously 
24 75.2 Pulmonary edema 
22 71.6 Maximum risk of ventricular fibrillation 21 69.8 
20 68.0 Cardiac standstill 
18 64.4 Lowest accidental hypothermia victim to recover 
17 62.6 Isoelectric electroencephalogram 
9 48.2 Lowest artificially cooled hypothermia patient to recover 

* Presentations approximately related to core temperature.  Reprinted from the American Family Physician, published by the 
American Academy of Family Physicians. 

 

16.8.2.1 Signs and Symptoms  

Pain in the extremities may be the first early warning of danger to cold stress.  During exposure to cold, 

maximum severe shivering occurs when the body temperature has fallen to 35°C (95°F).  This must be 

taken as a sign of danger and exposure to cold should be immediately terminated when severe shivering 

becomes evident.  Useful physical or mental work is limited when severe shivering occurs. 
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16.8.2.2 Control Measures 

Since prolonged exposure to cold air or to immersion in cold water, at temperatures well above freezing 

can lead to dangerous hypothermia, whole body protection must be provided. 

 

• Adequate insulating dry clothing to maintain core temperatures above 36°C (96.8°F) must be 

provided to workers if work is performed in air temperatures below 4°C (40°F).   

 

• Wind chill cooling rate and the cooling power of air are critical factors.  [Wind chill cooling rate is 

defined as heat loss from a body expressed in watts per meter squared which is a function of the air 

temperature and wind velocity upon the exposed body.]   

 

• The higher the wind speed and the lower the temperature in the work area, the greater the insulation 

value of the protective clothing required.   

 

• An equivalent chill temperature chart relating the actual dry bulb air temperature and the wind velocity 

is presented in Table 16-4.   

 

• The equivalent chill temperature should be used when estimating the combined cooling effect of wind 

and low air temperatures on exposed skin or when determining clothing insulation requirements to 

maintain the deep body core temperature.  

 

• Unless there are unusual or extenuating circumstances, cold injury to other than hands, feet, and 

head is not likely to occur without the development of the initial signs of hypothermia.   

 

• Older workers or workers with circulatory problems require special precautionary protection against 

cold injury.   

 

- The use of extra insulating clothing and/or a reduction in the duration of the exposure period are 

among the special precautions which should be considered.   

 

- The precautionary actions to be taken will depend upon the physical condition of the worker and 

should be determined with the advice of a physician with knowledge of the cold stress factors and 

the medical condition of the worker. 
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TABLE 16-4 
 

COOLING POWER OF WIND ON EXPOSED FLESH EXPRESSED AS EQUIVALENT TEMPERATURE 
(under calm conditions)* 

 

Estimated Wind Speed  
(in mph) 

Actual Temperature Reading (°F) 

50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 
Equivalent Temperature (°F) 

Calm 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 

5 48 37 27 16 6 -5 -15 -26 -36 -47 -57 -68 

10 40 28 16 4 -9 -24 -33 -46 -58 -70 -83 -95 

15 36 22 9 -5 -18 -32 -45 -58 -72 -85 -99 -112 

20 32 18 4 -10 -25 -39 -53 -67 -82 -96 -110 -121 

25 30 16 0 -15 -29 -44 -59 -74 -88 -104 -118 -133 

30 28 13 -2 -18 -33 -48 -63 -79 -94 -109 -125 -140 

35 27 11 -4 -20 -35 -51 -67 -82 -98 -113 -129 -145 

40 26 10 -6 -21 -37 -53 -69 -85 -100 -116 -132 -148 

(Wind speeds greater than 
40 mph have little additional 
effect) 
 

LITTLE DANGER 
In < hr with dry skin. 
Maximum danger of  

false sense of security 
 

 INCREASING DANGER 
 Danger from freezing of 
 exposed flesh within one 
 minute. 
 

 GREAT DANGER 
 Flesh may freeze within 30 seconds. 
 

Trench foot and immersion foot may occur at any point on this chart. 
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• Acclimatization – With exposure the body does undergo changes that will permit it to adjust to the 

cold weather better. 

 

• Dehydration – Water and salt loss magnifies conditions associated with hypothermia. Warm, sweet 

nonalcoholic fluids should be employed for fluid replacement. Soup, non-caffeinated drinks including 

decaffeinated teas, coffees, etc. are suitable for this purpose. 

 

• Diet – A balanced diet can provide the body with the necessary nutrients to aid in combating cold 

stress. Restrictive diets avoiding salts, carbohydrates, etc. may rob you of certain elements that you 

need. Caffeine and alcoholic drinks may increase the effects of a cold environment through the loss 

of water and salts. 

 

• Engineering Controls such as wind shields/barriers may be used to control the potential affects of 

cold stress. 

 

• Administrative controls such as worker rotation; work/warm regimens; required fluid intake; 

scheduling the work for warmer weather; assigning more workers to the task to complete it quicker. 

 

• Overall physical condition should always be considered when combating cold stress.  

- Older persons and those on certain medications (blood pressure control) are vulnerable to cold 

environment and cold stress disorders. 

 

• Environmental monitoring results will tell you if the conditions are such that cold related disorders can 

occur.  

- Biological monitoring will provide real time information as to the progression of the cold related 

disorders within your field crew. 

 

16.8.2.3 Monitoring  

• Core temperature 

- Ensure that it does not drop below 96.8ºF 

 

• Weight Loss  

- Monitoring weight loss may be indicative of water and salt loss through dehydration.  

- >2% changes in body weight are indicative of water loss. 

 
• Visual observation of signs and symptoms of overexposure. 
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16.8.2.4 Special Conditions - Evaluation and Control 

For exposed skin, continuous exposure should not be permitted when the air speed and temperature 

results in an equivalent chill temperature of -32°C (-25.6°F).  Superficial or deep local tissue freezing will 

occur only at temperatures below -1°C (30.2°F) regardless of wind speed. 

 

At air temperatures of 2°C (35.6°F) or less, it is imperative that workers who become immersed in water 

or whose clothing becomes wet be immediately provided a change of clothing and be treated for 

hypothermia. 

 

TLVs recommended for properly clothed workers for periods of work at temperatures below freezing are 

shown in Table 16-5. 

 

Special protection of the hands is required to maintain manual dexterity for the prevention of accidents: 

 

• If fine work is to be performed with bare hands for more than 10-20 minutes in an environment below 

16°C (60.8°F), special provisions should be established for keeping the workers' hands warm.   

 

• For this purpose, warm air jets, radiant heaters (fuel burner or electric radiator), or contact warm 

plates may be utilized.   

 

Metal handles of tools and control bars should be covered by thermal insulating material at temperatures 

below -1°C (30.2°F). 

 

• If the air temperature falls below 16°C (60.8°F) for sedentary, 4°C (39.2°F) for light, -7°C (19.4°F) for 

moderate work and fine manual dexterity is not required, then gloves should be used by the workers. 

 

• To prevent contact frostbite, the workers should wear anti-contact gloves. 

 

• When cold surfaces below -7°C (19.4°F) are within reach, a warning should be given to each worker 

by the supervisor to prevent inadvertent contact by bare skin. 

 

• If the air temperature is -17.5°C (0°F) or less, the hands should be protected by mittens.   

 

• Machine controls and tools for use in cold conditions should be designed so that they can be handled 

without removing the mittens. 
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TABLE 16-5 
 

THRESHOLD LIMIT VALUES WORK/WARM-UP SCHEDULE FOR FOUR-HOUR SHIFT* 
 

Air Temperature - Sunny Sky No Noticeable Wind 5 mph Wind 10 mph Wind 15 mph Wind 20 mph Wind 

°C (approx) °F (approx) Max. Work 
Period 

No. of 
Breaks 

Max. 
Work 

Period 
No. of 
Breaks 

Max. Work 
Period 

No. of 
Breaks 

Max. Work 
Period 

No. of 
Breaks 

Max. Work 
Period 

No. of 
Breaks 

-26ºto -28º -15º to -19º (Norm 
Breaks) 

1 (Norm 
Breaks) 

1 75 min 2 55 min 3 40 min 4 

-29º to -31º -20º to -24º (Norm 
Breaks) 

1 75 min 2 55 min 3 40 min 4 30 min 5 

-32º to -34º -25ºto -29º 75 min 2 55 min 3 40 min 4 30 min 5 Non-emergency work 
should cease -35º to -37º -30ºto -34º 55 min 3 40 min 2 30 min 5 Non-emergency work should 

cease -38º to -39º -35º to -39º 40 min 4 30 min 1 Non-emergency work 
should cease -40º to -42º -40ºto -44º 30 min 5 Non-emergency work 

should cease -43º & below -45º& below Non-emergency work 
should cease 

 
NOTES: 

1. Schedule applies to moderate to heavy work activity with warm-up breaks of 10 minutes in a warm location.  For Light-to-Moderate Work (limited physical 
movement):  apply the schedule one step lower.  For example, at -35ºC (-30ºF) with no noticeable wind (Step 4), a worker at a job with little physical movement 
should have a maximum work period of 40 minutes with 4 breaks in a 4-hour period (Step 5). 

2. The following is suggested as a guide for estimating wind velocity if accurate information is not available:  5 mph: light flag moves; 10 mph:  light flag fully 
extended; 15 mph:  raises newspaper sheet; 20 mph:  blowing and drifting snow. 

3. If only the wind chill cooling rate is available, a rough rule of thumb for applying it rather than the temperature and wind velocity factors given above would be:  
(1) special warm-up breaks should be initiated at a wind chill cooling rate of about 1750 W/M2; (2) all non-emergency work should have ceased at or before a 
wind chill of 2250 W/m2.  In general, the warm-up schedule provided above slightly under-compensates for the wind at the warmer temperatures, assuming 
acclimatization and clothing appropriate for winter work.  On the other hand, the chart slightly over-compensates for the actual temperatures in the colder 
ranges, since windy conditions rarely prevail at extremely low temperatures. 

4. TLVs apply only for workers in dry clothing. 

 

* Adapted from Occupational Health & Safety Division, Saskatchewan Department of Labor. 
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• Provisions for additional total body protection are required if work is performed in an environment at 

or below 4C (39.2° F).  The  worke rs  s hould we a r cold prote ctive  clothing a ppropria te  for the  le ve l of 

cold and physical activity: 

 

• If the air velocity at the job site is increased by wind, draft, or artificial ventilating equipment, the 

cooling effect of the wind should be reduced by shielding the work area or by wearing an easily 

removable windbreak garment. 

 

• If only light work is involved and if the clothing on the worker may become wet on the job site, the 

outer layer of the clothing in use may be of a type impermeable to water.   

 

• With more severe work under such conditions, the outer layer should be water repellent, and the 

outerwear should be changed as it becomes wetted.   

 

• The outer garments should include provisions for easy ventilation in order to prevent wetting of inner 

layers of sweat.   

 

• If work is done at normal temperatures or in a hot environment before entering the cold area, the 

employee should make sure that clothing is not wet as a consequence of sweating.   

 

• If clothing is wet, the employee should change into dry clothes before entering the cold area.   

 

• The workers should change socks and any removable felt insoles at regular daily intervals or use 

vapor barrier boots.   

 

• The optimal frequency of change should be determined empirically and will vary individually and 

according to the type of shoe worn and how much the individual's feet sweat. 

 

• If exposed areas of the body cannot be protected sufficiently to prevent sensation of excessive cold 

or frostbite, protective items should be supplied in auxiliary heated versions. 

 

• If the available clothing does not give adequate protection to prevent hypothermia or frostbite, work 

should be modified or suspended until adequate clothing is made available or until weather conditions 

improve. 
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16.8.2.5 Work - Warming Regimen 

If work is performed continuously in the cold at an equivalent chill temperature (ECT) or below -7°C 

(19.4°F), heated warming shelters (tents, cabins, rest rooms, etc.) should be made available nearby.  The 

workers should be encouraged to use these shelters at regular intervals, the frequency depending on the 

severity of the environmental exposure.  The onset of heavy shivering, frostnip, the feeling of excessive 

fatigue, drowsiness, irritability, or euphoria are indications for immediate return to the shelter.  When 

entering the heated shelter, the outer layer of clothing should be removed and the remainder of the 

clothing loosened to permit sweat evaporation or a change of dry work clothing provided.  A change of dry 

work clothing should be provided as necessary to prevent workers from returning to work with wet 

clothing.  Dehydration, or the loss of body fluids, occurs insidiously in the cold environment and may 

increase the susceptibility of the worker to cold injury due to a significant change in blood flow to the 

extremities.  Warm sweet drinks and soups should be provided at the work site to provide caloric intake 

and fluid volume.  The intake of coffee should be limited because of the diuretic and circulatory effects. 

 

For work practices at or below -12°C (10.4°F) ECT, the following should apply: 

 

• The worker should be under constant protective observation (buddy system or supervision). 

 

• The work rate should not be so high as to cause heavy sweating that will result in wet clothing; if 

heavy work must be done, rest periods should be taken in heated shelters and opportunity for 

changing into dry clothing should be provided. 

 

• New employees should not be required to work full time in the cold during the first days of 

employment until they become accustomed to the working conditions and required protective 

clothing. 

 

• The weight and bulkiness of clothing should be included in estimating the required work performance 

and weights to be lifted by the worker. 

 

• The work should be arranged in such a way that sitting still or standing still for long periods is 

minimized.   

 

• Unprotected metal chair seats should not be used.   

 

• The worker should be protected from drafts to the greatest extent possible. 
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• The workers should be instructed in safety and health procedures.   

 

• The training program should include as a minimum instruction in: 

- Proper rewarming procedures and appropriate first aid treatment. 

- Proper clothing practices. 

- Proper eating and drinking habits. 

- Recognition of impending frostbite. 

- Recognition of signs and symptoms of impending hypothermia or excessive cooling of the body 

even when shivering does not occur. 

- Safe work practices. 

 

Note: This information has been adopted from the 2010-1011 "Threshold Limit Values for Chemical 

Substances and Physical Agents and Biological Indices" by the American Conference of Governmental 

Industrial Hygienists (ACGIH). 

 

As conditions may vary, it will be at the discretion of the Field Operations Leader and the Site Safety 

Officer to temporarily suspend or terminate activities as conditions dictate.  All site activities will be 

terminated in the advent of electrical storms, tornadoes, and other hazardous weather conditions. 

 

16.9 CRYSTALLINE SILICA MONITORING PLAN 

Not applicable. 

 

16.10 NIGHT OPERATIONS LIGHTING PLAN 

Not applicable. 

 

16.11 FIRE PREVENTION PLAN 

Combustible materials will be protected from heat, flames, and sparks by moving or covering them. 

Flammables will be kept in closed containers and safety cans will be used when required.  The site 

workers will have training on the use of portable fire extinguishers.  

 

Workers will only fight incipient stage fires. There will be at least one 20- pound 10B:C fire extinguisher at 

the work site. Fire extinguishers will also be located in each piece of mobile construction equipment and 

in the crew pickup trucks. The fire extinguishers are intended to fight only fires that have recently 

occurred and can be reasonably extinguished immediately. Workers will only attempt to fight a fire that 

can be reasonably extinguished within 30 seconds to 1 minute. The fire extinguishers are only sufficient 
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to fight small fires. Fire extinguishers will be inspected by the SSO on a monthly basis (at a minimum). 

Additionally, all fire extinguishers will be inspected and serviced annually by a qualified professional. Any 

defective or partially used fire extinguisher will be red-tagged and taken out of service until such time that 

it can be serviced. Fire extinguishers will be secured or supported when transported and in storage. At 

the conclusion of field activities, extinguishers will be handled/shipped/disposed safely in accordance with 

DOT regulations (that preclude shipping via air carrier). Smoking is allowed only in areas designated by 

the SSO. 

 

16.12 CRITICAL LIFT PLAN 

Not applicable. 

 

16.13 CONTINGENCY PLAN FOR SEVERE WEATHER 

The SSO will monitor the weather forecast daily. In preparation for an approaching storm, all equipment 

will be secured, and all doors and windows of the equipment will be closed. All tools and supplies will be 

stored in a designated secure location. 

 

16.14 FLOAT PLAN 

Not applicable. 

 

16.15 SITE-SPECIFIC FALL PROTECTION & PREVENTION PLAN DEMOLITION PLAN  

Not applicable. 

 

16.16 DEMOLITION PLAN 

Not applicable. 

 

16.17 EXCAVATION/TRENCHING PLAN  

Not applicable. 

 
16.18 EMERGENCY RESCUE (TUNNELING) 

Not applicable. 
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16.19 UNDERGROUND CONSTRUCTION FIRE PREVENTION AND PROTECTION PLAN 

Not applicable. 

 

16.20 COMPRESSED AIR PLAN 

Not applicable. 

 
16.21 FORMWORK AND SHORING ERECTION AND REMOVAL PLANS  

Not applicable. 

 
16.22 PRECAST CONCRETE PLAN 

Not applicable. 

 

16.23 LIFT SLAB PLANS 

Not applicable. 

 

16.24 STEEL ERECTION PLAN 

Not applicable. 

 

16.25 SITE SAFETY AND HEALTH PLAN FOR HTRW WORK  

Not applicable, no remediation work, only sampling with limited potential for low level exposure. 

 

16.26 BLASTING SAFETY PLAN 

Not applicable. 

 
16.27 DIVING PLAN 

Not applicable. 

 
16.28 CONFINED SPACE PROGRAM 

Not applicable. 
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17.0  ACTIVITY HAZARD ANALYSIS 

Work conducted in support of this project will be performed using the Activity Hazard Analysis (AHA) 

process to guide and direct field crews on a task by task basis.  It is the SSO's responsibility to review the 

AHAs with the task participants as part of a pre-task tailgate briefing session.   

 

Daily safety meetings will be conducted during site work and the task-specific AHA(s) will be reviewed 

prior to initiating any field activities.  This effort will ensure that site-specific considerations and changing 

conditions are incorporated into the planning effort.  Use of the APP will provide the line of communication 

for reviewing task-specific hazards and protective measures associated with each operation.  The APP 

will be used as the primary reference for selecting levels of protection and control measures.   

 

The FOL and/or the SSO will be responsible for making the parties aware of the contents and 

requirements of the APP.  Any problems encountered with the protective measures required will be 

documented and brought to the attention of the SSO.   

 

As an ongoing quality assurance effort, the SSO will review operations to ensure the AHAs adequately 

address potential hazards for the tasks being conducted.  Where deficient, they will be corrected and that 

information shared with the field personnel.  Amended AHAs will be forwarded to the PHSO for inclusion 

in future APPs for similar activities.  

 



I Tetra Tech, Inc. 

1 

 

 

 

 

 
ACTIVITY HAZARD ANALYSIS (JHA) 

Activity/Work Task: Site 
Mobilization/Demobilization Overall Risk Assessment Code (RAC)  (Use highest code) L 

Project Location: Naval Station Great Lakes Risk Assessment Code (RAC) Matrix 
Contract Number: CTO F27A 

Severity Probability Site: Site 12 
Date Prepared December 2012 Frequent Likely Occasional Seldom Unlikely 

Prepared by:  Clyde Snyder Catastrophic E E H H M 
Critical E H H M L 

Reviewed by: Jennifer Carothers, PhD Marginal H M M L L 
Negligible M L L L L 

Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 
“Probability” is the likelihood to cause an incident, near miss, or accident 
and Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 
“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L = Low Risk 

JOB STEPS HAZARDS CONTROLS RAC 

Mobilization / 
Demobilization 
 
• Assembling 

equipment and 
supplies 

• Performing 

1. Minor cuts, 
abrasions or 
contusions  

 

1. The use of knives when cutting has resulted in lacerations to workers’ 
hands, legs, and fingers. 
• Wear cut-resistant gloves when handling items with sharp or rough 

edges. 
• Use manufacturer-approved cutting tools.   
• Never rest an object on your knee or other part of your body when 

cutting.   
• Keep cutting tools sharp.   

L 
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JOB STEPS HAZARDS CONTROLS RAC 

initial/exit 
inspections of the 
intended work areas 

• Arranging for 
utilities, site access, 
notifying 
appropriate client 
contacts 

• Collecting and 
confirming 
applicable worker 
training and medical 
compliance 
documentation 

2. Heavy lifting 
(muscle strains 
and pulls) 

1. Practice safe lifting techniques  
2. Use mechanical lifting devices such as a dolly whenever possible 
3. Ensure clear path of travel 
4. Good grasp on object 
5. Perform "test lift" to gauge ability to safely make the lift 
6. Lift with legs, not back 
7. Obtain help when needed to lift large, bulky, or heavy items 

L 

3. Utility Clearance 
 

1. Utility Clearance Judy from NS Great Lakes has received from Julie (One 
Call) has confirmed that Utility Clearance will be conducted by dates below 
• For Site 12 – Recreational Area along Lake Michigan at Naval Station 

Great Lakes, Great Lakes, Illinois  #X3450301 By 9am 12/12/12 
• Parking area at the end of S. Harbor Rd, South and East of 10th 

St.,  South of Building 52 and the Naval Station Great Lakes Inner 
Harbor Approximately 42º 18’ 18” N; 87º 50’ 01” W – multiple 
locations in the area of this point. 

L 

4. Vehicular traffic  

1. Designate/demarcate vehicle and equipment staging areas. 
2. Place traffic cones and barrier tape to block or divert traffic.   
3. Inform all site personnel of heavy equipment areas and of their 

responsibility to stay clear of moving vehicles.   
4. In high traffic areas, wear high-visibility vests. 

L 

5. Slips, trips and 
falls 

1. Clear ground hazards from the Drill/DPT location.  
2. Practice good housekeeping to keep the site clear of obstructions, 

equipment and other tripping hazards. 
3. Wear appropriate foot protection to prevent slips and trips.  
4. Use caution when working on uneven and wet surfaces. 

L 

6. Heat/Cold Stress 
1. It is always necessary for the field team to be aware of the signs and 

symptoms and the measures appropriate to prevent cold stress. 
2. This is addressed in detail in Section 16.8 of the APP. 

L 

7. Inclement weather 
 

1. In the event that adverse weather conditions arise (electrical storms, 
hurricanes, etc.), the FOL and/or the SSO will be responsible for 
temporarily suspending or terminating activities until hazardous conditions 
no longer exist. 

L 



ACTIVITY HAZARD ANALYSIS 
Site Mobilization/Demobilization 
Page 3 of 3 
 

 

EQUIPMENT TO BE USED INSPECTION REQUIREMENTS TRAINING REQUIREMENTS 

Hand tools (dollies, hand carts, hand knives, 
etc.) 

Visual inspection prior to use by 
user.   

Review of AHA during pre-task tailgate safety briefing 
with all intended task participants. 

Personal Protective Equipment: Minimum: 
Safety toe boots, safety glasses.  Optional 
items: Hardhat, hearing protection.  
Hazardous, Toxic, Radioactive Waste 
(HTRW): None anticipated for this task. 

Initial PPE inspection performed 
by SSO.  Ongoing (prior to each 
use) inspections responsibilities of 
PPE users. 

PPE training in proper use, care, storage, and 
limitations.  It is anticipated that this has been covered in 
employees’ 40 hour HAZWOPER training, which is to be 
verified by the SSO through initial training 
documentation and review prior to permitting personnel 
to participate in any onsite activities, and will be 
confirmed by visual observations of worker activities. 

 
I have read and understand this AHA: 

 

Name (Printed) Signature Date 
   

   

   

   

 
 
 



0 Tetra Tech, Inc. 

 
 

 

 
 

 

 
ACTIVITY HAZARD ANALYSIS (JHA) 

Activity/Work Task: Soil Boring with DPT, including 
soil sampling and well installation Overall Risk Assessment Code (RAC)  (Use highest code) M 

Project Location: Naval Station Great Lakes Risk Assessment Code (RAC) Matrix 
Contract Number: CTO F27A Severity Probability 
Site: Site 12 Frequent Likely Occasional Seldom Unlikely 

Prepared by: C. Snyder Catastrophic E E H H M 
Critical E H H M L 

Reviewed by: J. Carothers, PhD Marginal H M M L L 
Negligible M L L L L 

Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 
“Probability” is the likelihood to cause an incident, near miss, or accident and 
Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 
“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L= Low Risk 

JOB STEPS HAZARDS CONTROLS RAC 

Drill/DPT Rig set up 
and operation 

1. Struck By 1. Hard hats and high visibility vests for all personnel in work area. 
2. Control work area (use flaggers, signage, barricades, and/or other means) 

and restrict all non-essential personnel from the area.  
3. Inspect rig and ensure that all equipment, augers, rods and tools will be 

properly secured during transport.  

M 

2. Tip Over 1. Do not permit rig to attempt to traverse severely sloping terrain.   
2. Use a ground guide along with a functioning back-up alarm during 

equipment backing.   
3. Once rig is sited, deploy outriggers to properly block and level the rig and 

secure parking brake. 

L 

3. Slips, Trips, Falls 1. Clear ground hazards from the Drill/DPT location.   
2. Practice good housekeeping to keep the ground around the Drill/DPT site 

clear of obstructions, equipment and other tripping hazards. 
3. Wear appropriate foot protection to prevent slips and trips.  Use caution 

when working on uneven and wet ground surfaces. 

L 

4. Minor cuts, or abrasions  1. When handling equipment and tools wear cut-resistant gloves when 
handling items with sharp or rough edges. 

L 
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JOB STEPS HAZARDS CONTROLS RAC 

5. Heavy lifting (muscle 
strains and pulls) 

1. Practice safe lifting techniques (use mechanical lifting devices such as a 
dolly whenever possible. 

2. Ensure clear path of travel, good grasp on object, perform "test lift" to 
gauge ability to safely make the lift 

3. Lift with legs, obtain help to lift large, bulky, or heavy items. 

L 

6. Insect bites 1. Shake out boots before donning.   
2. Use insect repellants (products containing DEET should be applied to 

exposed skin, products containing Permethrin should be applied to 
clothing only.  Follow manufacturer’s recommendations for application). 

3. Tape up pants leg to work boot joints with duct tape.  Wear light-colored 
clothing to better see and remove any insects. Perform close body 
inspections at least daily upon leaving the site. 

L 

7. Inclement weather 1. The FOL and/or the SSHO will temporarily suspend outside activities in the 
event of electrical storms or high winds.  

2. It is preferred that supported systems such as lightning detection devices or 
emergency weather broadcasts are employed. 

3. However, when this is not possible field personnel should use the 30/30 
Rule:  
“If there is less than 30 seconds between thunder and lightning go inside 
and stay inside for at least 30 minutes after the last thunder.” 

L 

Drill/DPT Operations 1. Traffic Control 4. When working in traffic areas (roads, parking lots etc.) The area will be 
marked and controlled as follows: 

• 4’ traffic cones will either block the area or surround the drilling or 
sampling site and be ringed with yellow barrier tape that states “DO NOT 
Enter”. 

• Warning signs will be posted stating “"MEN Working" signage IAW 
MUTCD posted 100’ in advance of the work area .  

• The exclusion zone for work on low speed roads or parking areas will 
be the area of the work site of known or suspected contamination.  
− Areas around wells will have the potential for contaminants brought 

to the surface.   
− The exclusion zones for this project are those areas of the site 

where groundwater sampling or drilling is being performed, a 
designated area of at least 10 feet surrounding the work area.   

L 
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JOB STEPS HAZARDS CONTROLS RAC 

 2. Intermittent high noise 
levels  

1. Operators/nearby personnel are to wear hearing protection if noise levels 
are such that they must raise their voice in order to communicate with 
someone who is within arm’s reach (approx. 2’) of them.   

2. FOL/SSO responsible for determining and designating when hearing 
protection is required.   

3. Hearing protection is to consist of either ear muffs or ear plugs that have an 
NRR of at least 25 dB. 

L 

3. Contact with equipment 
moving parts  

1. Ensure that workers are thoroughly trained and competent to perform their 
assigned task with the equipment used in investigation.   

2. Ensure that back-up alarms are functional on equipment.   
3. The equipment operators and Site Supervisors are responsible to ensure 

that the equipment is properly inspection prior to being permitted onsite.  
(see Equipment Inspection Checklist in Attachment II) 

4. Ensure that all moving parts are guarded if such parts are exposed.  Check 
and or test all emergency stop controls.  

M 

4. Contact/striking 
underground or 
overhead utilities 

1. Movement of rig with mast raised will be strictly prohibited.   
2. Inspect for buried and overhead utilities in the vicinity of the Drill/DPT/HSA 

location.  Verify the location of utility lines in accordance with the Tetra 
Tech SOP Utility Location and Excavation Clearance (See Attachment III).  
Plan the move with the local utility companies if utility lines must be moved.   

3. Pre-survey the height of equipment and height of utility lines to determine 
which lines must be removed or raised.  Equipment should not come within 
20 feet of existing overhead utility lines. 

L 

5. Pressurized hydraulic 
lines could rupture, 
causing release of hot 
hydraulic fluid.  

1. Inspect all hydraulic lines before placing rig in service.  
• Any damaged hoses or connections must be replaced before unit is 

used. 
2. Immediately shut down equipment if lines rupture. 

• If rupture occurs, as quickly as possible, berm the liquid to minimize 
the area over which the liquid spreads.  

3. Ensure that all pressurized lines have whip checks. 

L 

6. Workers could trip or fall 
by the borehole 

1. Cap and flag open boreholes.  
2.  If left unattended, protect all open boreholes as any open excavation. 

L 

Drill/DPT service or 
maintenance 

1. Electrical shock 1. Turn ignition key to the off position and ensure engine powers off.   
2. Remove ignition key from ignition and lock it in the tool storage 
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compartment. 
3. Disconnect the positive battery cable from the battery and use fastener to 

secure it away from positive battery terminal.  
4. Follow steps in reverse to re-energize. 

2. Hydraulic struck by 1. Turn ignition key to the off position and ensure engine powers off.   
2. Remove ignition key from ignition and lock it in the tool storage 

compartment. 
3. Disconnect the positive battery cable from the battery and use fastener to 

secure it away from positive battery terminal.  
4. Wait 5 minutes before servicing to allow hydraulic pressure to bleed back 

into hydraulic fluid reservoir.  
5. When completing hydraulic service, crack hydraulic fittings slowly to ensure 

hydraulic pressure has been released back into hydraulic reservoir. 
6. Follow steps in reverse to re-energize. 

L 

Handling drill rods 
and augers 

1. Overhead hazards 1. All personnel within the radius of the Drill/DPT rig must wear ANSI approved 
hard hats. 

L 

2. Slips, Trips, Falls 1. Clear ground hazards from the location. 
2. Practice good housekeeping to keep the ground around the site clear of 

obstructions, equipment and other tripping hazards. 
3. Wear appropriate foot protection to prevent slips and trips.   
4. Use caution when working on uneven and wet ground surfaces. 
5. Keep a wide base and assure secure footing while attempting to handler 

auger flights and tooling. 

L 

3. Contusions, cuts, or 
abrasions 

1. When handling auger flights, tools or items with sharp or rough edges, wear 
cut-resistant heavy cotton or leather work gloves. 

L 

4. Heavy lifting (muscle 
strains and pulls). 

1. Practice safe lifting techniques by using mechanical lifting devices such as a 
dolly whenever possible. 

2. Ensure clear path of travel. 
3. Have a good grasp on object. 
4. Perform "test lift" to gauge ability to safely make the lift. 
5. Lift with legs not back.  Obtain help when needed to lift large, bulky, or 

heavy items 

L 

Soil and subsurface 1. Chemical exposure 1. Wear surgeons’ gloves when handling potentially-contaminated media and L 
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JOB STEPS HAZARDS CONTROLS RAC 

soil sampling  samples.   
2. Avoid contact with potentially-contaminated media to the extent possible. 
3. Practice good personal hygiene (hands and face washing) when exiting 

work area.   
4. Hand-to-mouth activities in the work area are prohibited (eating, drinking, 

smoking, etc.).   
5. Exposure via dermal contact and ingestion represent some limited concern 

during this task. 
6. Periodically screen breathing zone (BZ) with PID. 

• If readings are above 10 ppm in the BZ for (4) exposures of 5 minutes 
in one day exit the site: 

7. After at least 5 minutes, FOL/SSO will approach from upwind direction 
screening BZ areas.   
• Work may resume when readings in the BZ return to background level.  

8. For visible dust from metals area wetting methods will be employed to 
suppress dust. 

2. Cuts and lacerations  1. When cutting acetate liners, use the proper material handling devices 
2. Always cut away from yourself and others.  
3. Do not place items to be cut in your hand or on your knee.  
4. Change blades as necessary to maintain a sharp cutting edge as many 

accidents result dull cutting attachments.  
5. Wear cut-resistant gloves (leather or heavy cotton) at least on the non-

knife/saw hand, where possible.  
6. When cutting acetate liners use the tubing retention tub to secure the tube.  
7. Use the knife intended for that purpose.   

• Geoprobe® makes a kit for this purpose. 

L 

EQUIPMENT TO BE USED INSPECTION 
REQUIREMENTS TRAINING REQUIREMENTS 

DPT Rig, bore rods, auger flights, acetate cutting device 
and sharp knives, hand tools (dollies, hand carts, etc.) 
Safety Equipment: 
1. A 20-pound dry chemical ABC fire extinguisher 

readily available.  
2. Spill-control kit available at drilling location.  
3. First-aid kit, eyewash (meeting the ANSI Z358.1 

Visual inspection 
prior to use by user.   
 
PID or FID must be 
calibrated as per the 
manufacturer’s 
recommendations 

1. Review of AHA during pre-task tailgate safety briefing 
with all intended task participants.  

2. Personnel must be trained in use of drilling equipment.  
3. The Drill/DPT operator must have current certifications 

to operate the equipment.  
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EQUIPMENT TO BE USED INSPECTION 
REQUIREMENTS TRAINING REQUIREMENTS 

criteria), and an emergency air horn nearby.   
Monitoring Instruments: 
PID 

and documented on 
each use. 

Personal Protective Equipment: Minimum: Safety toe 
boots, safety glasses.  Optional items: Hardhat, hearing 
protection Nitrile surgeon’s style gloves and Tyvek if 
there is a change to soil clothing.  
HTRW: VOCs, SVOCs and metals 

Initial PPE inspection 
performed by 
FOL/SSO.  Ongoing 
(prior to each use) 
inspections 
responsibilities of 
PPE users. 

PPE training in proper use, care, storage, and limitations.  
It is anticipated that this has been covered in employees’ 
40 hour HAZWOPER training, which is to be verified by the 
FOL/SSO through initial training documentation and review 
prior to permitting personnel to participate in any onsite 
activities, and will be confirmed by visual observations of 
worker activities. 

 
I have read and understand this AHA: 

Name (Printed) Signature Date 
   

   

   

   

   

 



0 Tetra Tech, Inc. 

 

 

 
ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task: Decontamination Overall Risk Assessment Code (RAC)  (Use highest code) L Project Location: Naval Station Great Lakes 
Contract Number: CTO F27A Severity Probability 
Site: Site 12 Frequent Likely Occasional Seldom Unlikely 
Date Prepared December 2012 Catastrophic E E H H M 
Prepared by:  Clyde Snyder Critical E H H M L 

Reviewed by: Jennifer Carothers, PhD Marginal H M M L L 
Negligible M L L L L 

Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 
“Probability” is the likelihood to cause an incident, near miss, or accident 
and Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 
“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L= Low Risk 

JOB STEPS HAZARDS CONTROLS RAC 

Personal Decontamination 
• Equipment drop 
• Segregated removal of PPE 

(wash and rinse reusable items, 
dispose of non-reusable items) 

1. Slips, Trips, Falls 1. Clear intended decon area location of ground hazards.   
2. Practice good housekeeping to keep the site clear of 

obstructions, materials, equipment and other tripping 
hazards.   

3. Wear appropriate foot protection to prevent slips and trips.   
4. Use caution when working on uneven and wet ground 

surfaces. 

L 

2. Exposure to 
contaminated media 

1. Follow good decontamination practices (work from top down 
and outside in).   

2. Nitrile gloves are to be the last item of PPE removed.   
3. Wash hands and face following personal decontamination 

and prior to performing any hand-to-mouth activity. 

L 

Decontamination of sampling 
equipment  

1. Slips/trips/falls 
 

1. Keep decon areas orderly 
2. Maintain good housekeeping 
3. Spread light coating of sand on decon pad liner to increase 

traction.  

L 

2. Exposure to 
contaminated media 

1. Follow good decontamination practices (work from top down 
and outside in).   

2. Surgeon’s gloves are to be the last item of PPE removed.   
3. Wash hands and face following personal decontamination 

and prior to performing any hand-to-mouth activity. 

L 
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EQUIPMENT INSPECTION TRAINING 

Hand tools (hand brushes, garden sprayers, 
etc.) 

Visual inspection prior to use 
by user.  Check wooden 
handles for cracks or splinters. 

None required. 

Personal Protective Equipment: Minimum:  
Safety toe boots, safety glasses  Faceshield 
Optional items:  Hardhat, hearing protection. 
HTRW:  none 

Initial PPE inspection 
performed by SSO.  Ongoing 
(prior to each use) inspections 
responsibilities of PPE users. 

OSHA 40 Hazardous Waste Operations and Emergency 
Response (HAZWOPER) training, plus appropriate 8-hour 
annual refresher training for all task participants.  
Supervisors must have completed additional 8 hours of 
HAZWOPER training.  Also Review of AHA during tailgate 
safety briefing with the intended task participants. 
 
PPE training in proper use, care, storage, and limitations.  
It is anticipated that this has been covered in employees’ 
40 hour HAZWOPER training, which is to be verified by the 
SSO through initial training documentation and review prior 
to permitting personnel to participate in site activities, and 
will be confirmed by visual observations of worker 
activities. 

 
I have read and understand this AHA: 

 

Name (Printed) Signature Date 
   

   

   

   

 

 

 

 



0 Tetra Tech, Inc. 

 

 

 

ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task: Investigative Derived Waste (IDW) Overall Risk Assessment Code (RAC)  (Use highest code) L Project Location: Naval Station Great Lakes 
Contract Number: CTO F27A Severity Probability 
Site: Site 12 Frequent Likely Occasional Seldom Unlikely 
Date Prepared December 2012 Catastrophic E E H H M 
Prepared by:  Clyde Snyder Critical E H H M L 

Reviewed by: Jennifer Carothers, PhD Marginal H M M L L 
Negligible M L L L L 

Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 
“Probability” is the likelihood to cause an incident, near miss, or accident 
and Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 
“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L= Low Risk 

JOB STEPS HAZARDS CONTROLS RAC 

Filling, moving 55-gallon 
drums of IDW 

1. Heavy lifting 
 
 
 
 
 
2. Struck by/pinches 

compressions 
 
 
3. Falling objects (drums) 
 
 
 
4. Slips, Trips, Falls 
 
 
 
 
5. Foot hazards 
 
 
6. Strains/sprains due to heavy 

1. Practice safe lifting techniques (use mechanical lifting devices 
such as a dolly whenever possible, ensure clear path of travel, 
good grasp on object, perform "test lift" to gauge ability to safely 
make the lift,  lift with legs not back, obtain help when needed to 
lift large, bulky, or heavy items). 

 
2. Exercise caution when handling drums.  Position drums so that 

there is adequate room between them for placement and 
repositioning. 

 
3. Do not stack drums on top of each other.  Do not place more 

than 4 drums to a pallet.  Leave at least 4 ft. of clearance 
between pallets for clear access. 

 
4. Maintain good housekeeping in IDW storage areas, keeping it 

clear of loose debris and other potential tripping hazards.  Wear 
appropriate foot protection to prevent slips and trips.  Use caution 
when working on uneven and wet ground surfaces. 

 
5. Safety toe foot protection will be required for IDW container 

handling activities. 
 
6. Practice safe lifting techniques (use mechanical lifting devices 

L 
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JOB STEPS HAZARDS CONTROLS RAC 

lifting 
 
 
 
7. Minor contusions, abrasions, 

cuts  

such as a dolly whenever possible, ensure clear path of travel, 
good grasp on object, lift with legs not back, and obtain help 
when needed to lift large, bulky, or heavy items). 

 
7. Wear cut-resistant gloves when handling items with sharp or 

rough edges. 

EQUIPMENT INSPECTION  TRAINING 

Hand tools (drum dollies, wrenches, etc.) Visual inspection prior to use 
by user.  Check wooden 
handles for cracks or splinters. 

All personnel participating in this activity must be current 
with HAZWOPER training requirements. 

Personal Protective Equipment: Minimum: 
Safety toe boots, safety glasses Optional 
items: Hardhat, cotton or leather work gloves. 
 
HTRW: If contact with IDW is likely, wear 
chemical-resistant coveralls (e.g., Tyvek) or 
aprons and surgeon’s nitrile gloves under 
leather/cotton work gloves. 

Initial PPE inspection 
performed by SSO.  Ongoing 
(prior to each use) inspections 
responsibilities of PPE users. 

PPE training in proper use, care, storage, and limitations.  It 
is anticipated that this has been covered in employees 40 
hour HAZWOPER training, which is to be verified by the 
SSO through initial training documentation and review prior 
to permitting personnel to participate in site activities, and 
will be confirmed by visual observations of worker activities. 

 
I have read and understand this AHA: 

 

Name (Printed) Signature Date 
   

   

   

   

 



Tetra Tech, Inc. 

 

 

 
 

 

 
ACTIVITY HAZARD ANALYSIS (AHA) 

Activity/Work Task: Soil Sampling Overall Risk Assessment Code (RAC)  (Use highest code) L Project Location: Great Lakes 
Site: Site 12 Severity Probability 
Date Prepared: December 2012 Frequent Likely Occasional Seldom Unlikely 

Prepared by: Clyde Snyder Catastrophic E E H H M 
Critical E H H M L 

Reviewed by: Jennifer Carothers, PhD Marginal H M M L L 
Negligible M L L L L 

Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above) 
“Probability” is the likelihood to cause an incident, near miss, or accident 
and Identified as: Frequent, Likely, Occasional, Seldom, or Unlikely. RAC Chart 
“Severity” is the outcome/degree if an incident, near miss, or accident did 
occur and identified as: Catastrophic, Critical, Marginal, or Negligible 

E= Extremely High Risk 
H= High Risk 

Step 2: Identify the RAC (Probability/Severity) as E, H, M, or L for each 
“Hazard” on AHA.  Annotate the overall highest RAC at the top of AHA. 

M= Moderate Risk 
L= Low Risk 

JOB STEPS HAZARDS CONTROLS RAC 

Soil sampling  1. Chemical exposure 
(VOC’s and Metals) 

1. Wear surgeons’ gloves when handling potentially-contaminated media and 
samples.   

2. Avoid contact with potentially-contaminated media to the extent possible. 
3. Practice good personal hygiene (hands and face washing) when exiting 

work area.   
4. Hand-to-mouth activities in the work area are prohibited (eating, drinking, 

smoking, etc.).   
5. Exposure via dermal contact and ingestion represent some limited concern 

during this task. 
6. Periodically screen worker BZ with monitoring equipment.   

• If readings exceed the action level of 10 ppm for 4 exposures of 5 
minutes each in any one work day: 
− After at least 5 minutes, SSO will approach from upwind direction 

screening BZ areas.   
− Work may resume when readings in the BZ return to BGLs 

L 
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JOB STEPS HAZARDS CONTROLS RAC 

2. Cuts and lacerations 1. Always cut away from yourself and others.  
2. Do not place items to be cut in your hand or on your knee.  
3. Change blades as necessary to maintain a sharp cutting edge as many 

accidents result dull cutting attachments.  
4. Wear cut-resistant gloves (leather or heavy cotton) at least on the non-

knife/saw hand, where possible.  
5. When cutting acetate liners use the tubing retention tub to secure the tube.  
6. Use the knife intended for appropriate purpose. 

L 

3. Slips, Trips, Falls 1. Maintain good housekeeping in IDW storage areas 
2. Keep it clear of loose debris and other potential tripping hazards 
3. Wear appropriate foot protection to prevent slips and trips. 
4. Use caution when working on uneven and wet ground surfaces. 

L 

4. Inclement weather 1. The FOL and/or the SSHO will temporarily suspend outside activities in the 
event of electrical storms or high winds.  

2. It is preferred that supported systems such as lightning detection devices or 
emergency weather broadcasts are employed. 

3. However, when this is not possible field personnel should use the 30/30 
Rule:  
• “If there is less than 30 seconds between thunder and lightning go inside 

and stay inside for at least 30 minutes after the last thunder.” 

L 

EQUIPMENT TO BE USED INSPECTION 
REQUIREMENTS TRAINING REQUIREMENTS 

hand and sampling tools 
 
Personal Protective Equipment: 
Minimum: Safety toe boots, safety glasses 
Optional items:  

 
Monitoring Instruments: 
PID 

Visual inspection 
prior to use by user.   
 
PID or FID must be 
calibrated as per the 
manufacturer’s 
recommendations 
and documented on 
each use. 

Review of AHA during pre-task tailgate safety briefing with 
all intended task participants.  
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EQUIPMENT TO BE USED INSPECTION 
REQUIREMENTS TRAINING REQUIREMENTS 

Personal Protective Equipment: Minimum: Safety toe 
boots, safety glasses.  Optional items: Hardhat, hearing 
protection Nitrile surgeon’s style gloves and Tyvek if 
there is a change to soil clothing.  
HTRW: benzene 

Initial PPE inspection 
performed by SSO.  
Ongoing (prior to 
each use) 
inspections 
responsibilities of 
PPE users. 

PPE training in proper use, care, storage, and limitations.  
It is anticipated that this has been covered in employees’ 
40 hour HAZWOPER training, which is to be verified by the 
SSO through initial training documentation and review prior 
to permitting personnel to participate in any onsite 
activities, and will be confirmed by visual observations of 
worker activities. 

 
I have read and understand this AHA: 

Name (Printed) Signature Date 
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18.0   REFERENCES, MATERIALS AND DOCUMENTATION  

United States Army Corps of Engineers (USACE).  15 December 2008.  Engineer Manual (EM) 385-1-1, 

Safety and Health Requirements Manual.   

Available online at: http://www.usace.army.mil/inet/usace-docs/eng-manuals/em385-1-1/entire.pdf 

 

Department of the Army, 24 May 2011, Pamphlet 385-64 Ammunition and Explosive Safety Standards 

Available online at: http://armypubs.army.mil/epubs/pdf/P385_64.PDF 

 

The Tetra Tech FOL shall ensure the following materials/documents are taken to the project site and 

used when required.  The following documentation is to be posted or maintained at the site for quick 

reference purposes.  For this project, the items so noted below will be maintained in the Tetra Tech work 

vehicle.  

 

Project-Specific Sampling and Analysis Plan (SAP) Addendum - dated December 2012  

 

Chemical Inventory Listing (posted) - This list represents the chemicals brought onsite, including 

decontamination solutions, sample preservations, fuel, etc.  This list will be maintained in the Tetra Tech 

Work Trailer. 

 

Material Safety Data Sheets (MSDSs) (maintained) - The MSDSs will be maintained in the Tetra Tech 

Work trailer.  These documents should match the listings on the chemical inventory list for substances 

used onsite.  It is acceptable to have these documents within a central folder and the chemical inventory 

as the table of contents. 

 
Placards and Labels (maintained) - Where chemical inventories have been separated because of 

quantities and incompatibilities, these areas will be conspicuously marked using Department of 

Transportation (DOT) placards and acceptable (Hazard Communication 29 CFR 1910.1200(f)) labels. 

 

The OSHA Job Safety & Health Protection Poster (posted) - This poster, as directed by 29 CFR 

1903.2 (a)(1), should be conspicuously posted in places where notices to employees are normally posted.  

Each FOL shall ensure that this poster is not defaced, altered, or covered by other material. See 

Attachment IV. 

 

Site Clearance (maintained) - This list identifies site personnel, dates of training (including site-specific 

training), and medical surveillance.  The list indicates not only clearance but also status.  If personnel do 
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not meet these requirements, they do not enter the site while site personnel are engaged in activities. 

This list will be maintained in a vehicle onsite during operations. 

 

Emergency Phone Numbers and Directions to the Hospital(s) (posted) - This list of numbers and 

directions will be maintained at phone communications points and in each site vehicle. 

 

Medical Data Sheets/Cards (maintained) - Medical Data Sheets will be completed by onsite personnel 

and filed in the Tetra Tech Work Trailer.  The Medical Data Sheet will accompany any injury or illness 

requiring medical attention to the medical facility.  A copy of this sheet will be given to personnel to carry 

with them while on site. 

 

Hearing Conservation Standard (29 CFR 1910.95) (posted) - This standard will be posted any time 

hearing protection or other noise abatement procedures are used. 

 

Personnel Monitoring (maintained) - Results generated through personnel sampling (levels of airborne 

toxins, noise levels, etc.) will be posted to inform individuals of the results of that effort. 
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SITE 12 DRILLING LOCATIONS AND GROUNDWATER SAMPLING MAP 

 
 



0 

Total number of 	Total number of Total number of cases 	Total number of 
deaths 	 cases with clays with job transfer or 	other recordable 

away from work restriction 	 cases 
0 

industry description (e.g., Manufacture of motor truck trailers) 
Environmental Consulting  

890,072 
Total howl worked by all employees last 
year 

(6261470-2619 13.Jan-10  
PilOre 	 Dale 

OSHA's Form 300A (Rev. 01/2004) 

Summary of Work-Related Injuries and illnesses 
All establishments covered by Part 1904 must complete this Summary page, even if he injuries or 
Illnesses occurred during Me year. Remember to review the Log to verify that the entries ere cant:date 

Using the Log, count the individual entries you nude for each category. Then write the totals below, 
making sure you've added the entries horn every page of the log. I f you had no cases write "O." 

Employees former employees, and their representatives have the right to review the OSHA Form 330 in 
its entirety. They also have heeled access to the OSHA Poem 301 or its equivalent, See 29 CPR 
190435, in 02144's Recordkeeping rule, for further detaas on the access Provisions for these kerns. 

Total number of 
days away front 
work 

0 
(K) 

' • 
Types 

• X: 

Total number of... 
(M) 

(1) 	Injury (4) Poisoning 0 
(2) Skin Disorder 0 (5) Hearing Loss 0 
(3) Respiratory 
Condition 0 (6) All Other Illnesses 0 

Post this Summary page from February 1 to April 30 of the year following the year covered by the form 

Fists reporting burden for yes collodion of iriorrnation is eshmaled to average 59 miracles per response, naming time to review the insnuction, search and 
gather Me data needed, and sorn,olete and review lie collect. of INonnalion. Persons are not required to respond to the odlection of information unless it 
displays a currently valid OMB sunhat number. If you have any comments about -Mesa eslimaies or any aspects It this data collection. coded US Depariment 
N Labor, OSHA Office of Statistics, Roam 1-3614, 200 Conslikzion Ave, NW, Washington, CC 20210. Do not sand his candorod tones to Its awe. 

E 	EE.-oSE: 

(0) 
	

(11) 
	

(I) 
	

(J) 

Total number of days of 
job transfer or restriction 

38 
(L) 

^Ero 	E-mEn,  ,  

Year 2009 *) 

U.S. Department of Labor 
Oscupasionai safety ma moth admiakantion 

Establishment information 

Your establishment name Tetra Tech NUS, Inc. 

Street 661 Andersen Drive, Foster Plaza 7  

City Pittsburgh 	State 	 PA 	Zip 15220 

Standard Industrial Classification (SEC), if known (eg., SIC 3715) 

OR North American industnal Classibcalion (NAICS), if known (e.g.. 335212) 

5 	4 	I 	6 	2 	0  

Employment information 

Annual average number of employees 	 437 

Sign here 

Knowingly falsifying this document may result in a line. 

Certify mat i have examined this document and that to the best of my knowledge the entries are true, accurate, and 
complete. 

President  
Comps 	emotive 	 Title 
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Year  2009 	121.  
U.S. Department of Labor 

Occupational Safely and I lealth Administration 

Attention: flits form conlains inlormation relating 

Ix employee health and must be used ln a manner 

Thal pi elects lire cunfrduntiulily of cm ploys] oh lo lire 

extent possible while the information! is being used 

fur onsupational safety arid heallh pun pus es. 

OSHA's Form 300 (Rev. 01/2004) 

Log of Work-Related Injuries and Illnesses 

CIassjiv the case Ida rtfv the person Describe the case — 

U 
IsE• 

g 
rc 

Yes mit mon, .nforrnalian abed oway mark-n:121nd lapin,. or Henan the inweins lams of rmminunnnnn rmireled work %fridyer jeblmrcJer Mir away from wont or morlicat heel mend beyond lint 

Sid You rnusl also record signifeari souk-melee injuries and illnesses Vial are diagnosed by a physician or leerend holdh care professional Yes mina Rho record serhrelaled injuries and ilnossos 

Mal end any al the specre reconing crdena listed ri 29 5X It 1951.11 through 1901.12 I eel fret to sue two lines tor a single case d you need :a You must compete an iniury and illness incident 

wort (OR LAI lienli/11 eneguselnl term 1w eachinpri or here recorded on !his torn It yorke not sum ofiethor a case n recordable. call your local QUI IA nelmo for help 

Form approved OMB no. 1218 0176 

Tetra Tech NUS. inc. Establishment name 

PA State City 	Pittsburgh 

CHECK ONLY ONE 

the moat serious outcome 

box for each case based ore 

for gull caw 

Enter the number of 

days the injured or ill 

worker was-  

Check the 

Z. 

(1) 

fdaYs) i 

restriction a 

Injury' 

o 

(2) 

column 

6' 5 
E.. 

(2) 

(M)  

of illness' 

II 0  

r 
. 

(4) 

or choose 

m 
17 

(5) 

one type 

11.1  
E 

(G) 

(A) 

Case No. 

(B) 

LIIIployetis Nampo 

(C) 

Job i are (e.g.. 
Welder) 

gjd,  

Date al 

ogury ur 
onsel et 

illness 

(me Noy) 

(rerl 

Maine the eeeio ecwifed (3.e. 
Loading dent midi mop 

(F) 
ueei.iitie Injury or illness. pails al body attested. 
and roluyinntisubstanne that directly mimed or 

made person ill (e.g. Second degree bums on 

nght forearm from acetylene torch) 
neeie 

(6) 

from work 

9 9 

Rem ninnd 

Job transfer transter 

or reshiction 

(1) 

at work 

Other record- 

able cases 

1-11 

Fr urn 

Work 

09 

Avray 
 

On jrils 

Ka nder or 

(days) 

94 

NUS 2009 19 XXXXXXXXXXXXXXX 
Environmental 

Engineer 9/4/2000 
151911sWest Energy 	E&S 
Permits Sprained right ankle while walking a gas pipeline 2 3R X 

Page totals 0 0 1 0 0 30 I 0 0 0 0 51 

Pubic ripening lawderi fur Di, ealleclaon el inlormiiian as uslimalirdlo average 14 nnorlon per resp,so. rmludny hmu lo 

review !he irsinclice, search and gather rho dais needed, an d coroplele and review Itaa collection d efairfriatinn. Persons am 

not rimuired to rimporrJ to tic eallwliun ul irtorrratinn !Amu t 	GUM,* raid OW control number. If you lure any 
comment, about Minn rAiffirlift, or arry aspects el Me data collnelion. Geri WI' LIflOnparloine el Leber, omv,  Onv,  
51adistis, Ream N3644, 200 CornIrlutian Aye, 190, Washinglen, OQ Z0210 Do not shod the completed lame to WM [Ike. 

Page 	1 of 1 	 (1) 	(2) 	(3) 	(4) 	(5) 	(6) 

Be sure to transfer these totals to the Summary page (Form 300A) before you post it 
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Total number of 
days away from 
work 

0  
OS) 

Total number of days of 

Job transfer or restriction 

2 
IL) 

OSHA's Form 300A (Rev. 01/2004) 

Summary of Work-Related Injuries and Illnesses 
estehitshmerite covered by Pad 1904 must complete this Seminary paw, inwn ncp injoriee or 

nInesses ix-mined during the year. Remember to review the Log to may that the entries em complete 

Using Rae Log, count the ,ncftviokiat entries you merle for each category. Then wife the totals below, 
reeking Sure youle added the entries from emery page tit the log. 1 foxy had no cams wile V." 

Employees former empeeyeas, end their representatives hem the right to reviles,. the 05014 Fawn SOO M 
its entirely. They alas, hese/kneed access to Me OSHA Form SOF or its equivalent. See 29 CFA 
1904 ss. OSHAb Recorakedtping rule, Mr higher dadaWar on the access provisions for these femme. 

Number of Cases 

Total number of 	Total number of Total number of cases 	Total number of 

deaths 	 cases with days with job transfer or 	other recordable 

away from work restriction 	 cases 

0 	 0 	 1 

(0) 	 (H) 

Number of Days 

Injury and Illness Types 

Total number of... 
(M) 

(1) Injury 	 3 	(4) Poisoning 
(2) Skin Meader 	0 	(5) Hearing Loss 
(3) Respiratory 
Condition 	0 	(6) All Other Illnesses 

Poet MS Summary page from February 1 to April 30 Of the year hallowing the year cowered by the twin 

Fable raporsag [MOM let da bieteito 01 i1ente040 eritettel In average 58 anharla per rarsceretedueng Caw :Ouches Or retortion, search and 
ogler the SIC rablidld, and cerrelres and review re Cdik,Man d iddrttalkat POTS= We nol required to reaped to the Weeks el iclemblen Mass I 
deploys aocrelly veld 0146 Wahl MAW. a you have any canmaris about Smut attendee or any aspects 01 In data [diadem. waled: US Deporbsert 
01 tabor, OSHA 011ite 01 StabSON. Ron N0644, 200 Cifolattutiee Ask the. WaStiette DC 30210. Do nreasnd Fe oomdcted forma to this ethos. 

Year 2010 • 

U.S. Department of Labor 
Occupalessal Solely rat Hearth ASelNibutles 

Fenn approvedC.3re. L2.8 01rE 

Establishment Information 

YOU establishment name Tetra Tish NUS, MO 

Street Foster Plapt 7, 661 Andersen Dive 

Clip Pittsburgh Slate 	 PiarcIttleade 	OP 	15220 

Industry desorigeon (e.g., kranuladura al motor truck trailers) 
Enstroornenlal ConSUIIIK  

Standard Induatnall Cls.ssification (SIC), if know {e4., SIC 371&) 

OR NOrlh iNTSOOSID Ineustnal Classification MVO% it loom, 	396212) 

a 	1 	e 	2 	0 

Employment information 

Annual average number al emproyees 	485 

Tolel hours worked by el employees 'ash 
year 	 900 192 

Sign here 

Knowingly lalsifyi ng the document may result in a line. 

28-Jan-t1  

0416 
(412) 921-7217 

Phone 

Cea 15 1COI. 1 have examined MS document sine that to Ito Cost of my knowledge the mires are true. accurate. and 
COMplele. 

President 
rile 
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Year  2010  40 
U.S. Department of Labor 

Compahunal ashy and Hula Aelardilralbm 

ASMaUene TIM lam emiata Ilemmallen snaps  b 
Vb10yet ream ane swag be 4.40.7 M e mime. that 
MOM%sae onlaamanyd 1.1•121 q 11.2 palm% 
pomade mtsk. lrR Mbniwilam a bent used Pm 
eacupatimM aaferty and MUM wpm... 

OSHA's Form 300 (Rev. D1/2004) 

Log of Work-Related Injuries and Illnesses 

Tetra Tech NUS, Inc. 

State 	 PA 

Foam apixedea MP rm. 12141-017E 

Establishment name 

CBy 	Plishorgh  
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am al lessee& reportills atria Wed In 22 CFR 1164.2 Papp 1SOLla Fag Ima 'lama In Pas lx alalpleelse A ym rem in. Yea matemmea. in eddy as Mal Yeklari rappt (0.5aM Fom 
2211.er &p.a. /am Mr meh kjm, m ammvamatd m Mak.,  1 ywst m41..mom acme recadadc...2 pea  loPJ C/SWa Oa FY 114,- 

(11 	t21 	011 	I4.1 	Ire 

se sure to transfer these /Mats In die Summary page (Form 300A) before you poll i . 

Papa 	I or I 

Ma retard"; IPMenfor MacRae., ef Ikeffakil k aelmalell, smaisell mr0104 .0 00,04,  Meiena ma n R.b.  tc 
kighlattql. Mr Ell geWila 	MOAK ird mnp wa1.4... Nwl tal•don liyrd50.  210011 SI Ma raViPP 
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a 

(B) 
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(C) 
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W01000 

(IJ) 
D001 ol 
may 12 
Poe cf 
rierse 

OmmialaU 
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FIGURE 4-1 

ORGANIZATION CHART 
FIELD ACTIVITIES AT NS GREAT LAKES 
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FIGURE 7-1 

  

Report Date Report Prepared By Incident Report Number 
   

INSTRUCTIONS:  
 

All incidents (including those involving subcontractors under direct supervision of Tetra Tech 
personnel) must be documented on the IR Form. 

 

Complete any additional parts to this form as indicated below for the type of incident selected. 

TYPE OF INCIDENT (Check all that apply) Additional Form(s) Required for this type of incident 
Near Miss (No losses, but could have resulted in injury, illness, or 
damage)  Complete IR Form Only 

Injury or Illness   Complete Form IR-A; Injury or Illness 

Property or Equipment Damage, Fire, Spill or Release  Complete Form IR-B; Damage, Fire, Spill or 
Release 

Motor Vehicle   Complete Form IR-C; Motor Vehicle 

INFORMATION ABOUT THE INCIDENT 
Description of Incident 
 
            
  
 
            
  
 
            
  
Date of Incident Time of Incident 

     AM   PM  OR  Cannot be determined   
 

Weather conditions at the time of the incident Was there adequate lighting?    

                                                                 Yes     No      
Location of Incident 
            
   
Was location of incident within the employer’s work environment? Yes     No      
Street Address City, State, Zip Code and Country 

  

Project Name/Number Client: 

  

Tt Supervisor or Project Manager Was supervisor on the scene?   

     Yes     No      
WITNESS INFORMATION (attach additional sheets if necessary) 

Name Company 

  

Street Address City, State and Zip Code 

  

Telephone Number(s) 
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FIGURE 7-1 
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CORRECTIVE ACTIONS 
Corrective action(s) immediately taken by unit reporting the incident: 
 
              
 
              
 
 
Corrective action(s) still to be taken (by whom and when): 
 
              
 
              
 
 

ROOT CAUSE ANALYSIS LEVEL REQUIRED 

Root Cause Analysis Level Required:   Level - 1     Level - 2      None   

Root Cause Analysis Level Definitions 

Level - 1 

 

Definition: A Level 1 RCA is conducted by an individual(s) with experience or training in root cause analysis 
techniques and will conduct or direct documentation reviews, site investigation, witness and affected employee 
interviews, and identify corrective actions.  Activating a Level 1 RCA and identifying RCA team members will be at 
the discretion of the Corporate Administration office.  
 

The following events may trigger a Level 1 RCA: 
 Work related fatality 
 Hospitalization of one or more employee where injuries result in total or partial permanent disability  
 Property damage in excess of $75,000 
 When requested by senior management  
 

Level - 2 

 

Definition: A Level 2 RCA is self performed within the operating unit by supervisory personnel with assistance of 
the operating unit HSR.  Level 2 RCA will utilize the 5 Why RCA methodology and document the findings on the 
tools provided.  
 

The following events will require a Level 2 RCA: 
 OSHA recordable lost time incident   
 Near miss incident that could have triggered a Level 1 RCA 
 When requested by senior management 
 

Complete the Root Cause Analysis Worksheet and Corrective Action form. Identify a corrective action(s) for each root cause 
identified within each area of inquiry.   

NOTIFICATIONS 

Title Printed Name Signature Telephone 
Number Date 

Project Manager or Supervisor     

Site Safety Coordinator or Office H&S 
Representative     

Operating Unit H&S Representative     

Other:  __________________________      

 

The signatures provided above indicate that appropriate personnel have been notified of the incident. 
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INSTRUCTIONS:  
 

Complete all sections below for incidents involving injury or illness.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

EMPLOYEE INFORMATION 
Company Affiliation 

Tetra Tech Employee?       TetraTech subcontractor employee (directly supervised by Tt personnel)?      

Full Name Company (if not Tt employee) 

  

Street Address, City, State and Zip Code Address Type 
 
 ________________________________________________  
 
 ________________________________________________  
 

Home address (for Tt employees)         
 
Business address (for subcontractors)         

Telephone Numbers 

Work:      Home:      Cell:      

Occupation (regular job title) Department 

  

Was the individual performing regular job duties? Time individual began work 

    Yes     No         AM     PM    OR   Cannot be determined    

Safety equipment 
 
Provided?    Yes     No     
 
Used?   Yes     No     If no, explain why 
 
       
 
       
 
       
 

 

Type(s) provided:   Hard hat      Protective clothing 
 

    Gloves      High visibility vest 
 

    Eye protection      Fall protection 
 

    Safety shoes      Machine guarding 
 

    Respirator      Other (list) 
 
        
 

NOTIFICATIONS 
Name of Tt employee to whom the injury or illness was first 
reported Was H&S notified within one hour of injury or illness? 

     Yes     No      

Date of report H&S Personnel Notified 

  

Time of report Time of Report 

  

If subcontractor injury, did subcontractor’s firm perform their own incident investigation? 

Yes     No     If yes, request a copy of their completed investigation form/report and attach it to this report. 
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INJURY / ILLNESS DETAILS 
What was the individual doing just before the incident occurred? Describe the activity as well as the tools, equipment, or material the 
individual was using. Be specific. Examples: “Climbing a ladder while carrying roofing materials”; “Spraying chlorine from a hand sprayer”; “Daily 
computer key-entry” 
 
              
 
              
 

What Happened? Describe how the injury occurred. Examples: “When ladder slipped on wet floor and worker fell 20 feet”; “Worker was sprayed 
with chlorine when gasket broke during replacement”; Worker developed soreness in wrist over time” 

 
              
 
              
 
 

Describe the object or substance that directly harmed the individual: Examples: “Concrete floor”; “Chlorine”; “Radial Arm Saw”. If this 
question does not apply to the incident, write “Not Applicable”. 

 
              
 
              
 

MEDICAL CARE PROVIDED 
 

Was first aid provided at the site:   Yes       No     If yes, describe the type of first aid administered and by whom? 
 
              
 
 

Was treatment provided away from the site:   Yes       No     If yes, provide the information below. 
 

Name of physician or health care professional Facility Name 

  

Street Address, City State and Zip Code Type of Care? 
 
 ________________________________________________  
 
 ________________________________________________  
 

Was individual treated in emergency room?                  Yes    No     
 

Was individual hospitalized overnight as an in-patient? Yes    No    
  

Did the individual die?      Yes      No      If yes, date:    
 

Will a worker’s compensation claim be filed?                Yes    No   

Telephone Number 

 

NOTE: Attach any police reports or related diagrams to this report. 

SIGNATURES 
I have reviewed this report and agree that all the supplied information is accurate 

Affected individual (print) Affected individual (signature) Telephone Number Date 

    

 

This form contains information relating to employee health and must be used in a manner that protects the confidentiality of the employee to 
the extent possible while the information is being used for occupational safety and health purposes. 
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INSTRUCTIONS:  
 

Complete all sections below for incidents involving property/equipment damage, fire, spill or release.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

TYPE OF INCIDENT (Check all that apply) 

Property Damage    Equipment Damage      Fire or Explosion      Spill or Release      

INCIDENT DETAILS 
Results of Incident: Fully describe damages, losses, etc. 

 
              
 
              
 
              
 
Response Actions Taken: 
 
              
 
              
 
              
 

Responding Agency(s) (i.e. police, fire department, etc.) Agency(s) Contact Name(s) 

  

DAMAGED ITEMS (List all damaged items, extent of damage and estimated repair cost) 
Item: Extent of damage: Estimated repair cost 

   

   

   

SPILLS / RELEASES (Provide information for spilled/released materials) 

Substance Estimated quantity and duration Specify Reportable Quantity (RQ) 

       Exceeded?  Yes     No     NA      

FIRES / EXPLOSIONS (Provide information related to fires/explosions) 

Fire fighting equipment used?   Yes     No     If yes, type of equipment:          

NOTIFICATIONS 
Required notifications Name of person notified By whom Date / Time 

Client:    Yes     No         

Agency:   Yes     No         

Other:   Yes     No         

Who is responsible for reporting incident to outside agency(s)?      Tt     Client    Other    Name:   

Was an additional written report on this incident generated?      Yes     No     If yes, place in project file. 
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INSTRUCTIONS:  
 

Complete all sections below for incidents involving motor vehicle accidents.  Do NOT leave any 
blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

INCIDENT DETAILS 
Name of road, street, highway or location where accident 
occurred Name of intersecting road, street or highway if applicable 

  

County City  State 

   

Did police respond to the accident? Did ambulance respond to the accident? 

    Yes     No          Yes     No      
Name and location of responding police department Ambulance company name and location 

 
 

Officer’s name/badge #  

Did police complete an incident report? Yes     No       If yes, police report number:                             
Request a copy of completed investigation report and attach to this form. 

VEHICLE INFORMATION 
How many vehicles were involved in the accident?      (Attach additional sheets as applicable for accidents involving 
more than 2 vehicles.) 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Vehicle Owner / 
Contact 
Information 

 

Vehicle Owner / 
Contact 
Information
   

 

Color  Color  

Make  Make  

Model  Model  

Year  Year  

License Plate #  License Plate #  

Identification #  Identification #  

Describe damage to vehicle number 1 Describe damage to vehicle number 2 

  

Insurance Company Name and Address Insurance Company Name and Address 

  

Agent Name  Agent Name  

Agent Phone No.  Agent Phone No.  

Policy Number  Policy Number  
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DRIVER INFORMATION 
Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Driver’s Name  Driver’s Name  

Driver’s Address  Driver’s Address  

Phone Number  Phone Number  

Date of Birth  Date of Birth  

Driver’s License #  Driver’s License #  

Licensing State  Licensing State  

Gender Male     Female      Gender Male     Female      

Was traffic citation issued to Tetra Tech driver? Yes  No       Was traffic citation issued to driver of other vehicle? Yes  No       
Citation #  Citation #  

Citation Description  Citation Description  

PASSENGERS IN VEHICLES (NON-INJURED) 

List all non-injured passengers (excluding driver) in each vehicle. Driver information is captured in the preceding section. 
Information related to persons injured in the accident (non-Tt employees) is captured in the section below on this form. 

Injured Tt employee information is captured on FORM IR-A 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

How many passengers (excluding driver) in the vehicle?      How many passengers (excluding driver) in the vehicle?      

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

INJURIES TO NON-TETRATECH EMPLOYEES 
Name of injured person 1 Address of injured person 1 

  
Age Gender Car No. Location in Car Seat Belt 

Used? 
Ejected from 
car? Injury or Fatality? 

 Male   Female        Yes  No   Yes   No   Injured    Died      

Name of injured person 2 Address of injured person 2 

  
Age Gender Car No. Location in Car Seat Belt 

Used? 
Ejected from 
car? Injury or Fatality? 

 Male   Female        Yes  No     Yes   No   Injured    Died      

OTHER PROPERTY DAMAGE 
Describe damage to property other than motor vehicles 
 
Property Owner’s Name Property Owner’s Address 
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COMPLETE AND SUBMIT DIAGRAM DEPICTING WHAT HAPPENED 
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FIGURE 8-1 

SAFE PLACE OF REFUGE FOR SITE 12 
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FIGURE 10-1 

MEDICAL DATA SHEET 

This Medical Data Sheet must be completed by on-site personnel and kept in the command post during 
the conduct of site operations.  This data sheet will accompany any personnel when medical assistance is 
needed or if transport to hospital facilities is required. 
 

Project             

 

Name       Home Telephone     

Address            

Age     Height         Weight        

Person to notify in the event of an emergency: Name:        

       Phone:        

Drug or other Allergies:            

               

 

Particular Sensitivities:           

               

 

Do You Wear Contacts?           

               

 

What medications are you presently using?         

               

 

Name, Address, and Phone Number of personal physician:       

               

               
Note:  Health Insurance Portability and Accountability Act (HIPAA) Requirements  
 
HIPAA took effect May 14, 2003. Loosely interpreted, HIPAA regulates the disclosure of Protected Health Information (PHI) by the 
entity collecting that information. PHI is any information about health status (such as that you may report on this Medical Data 
Sheet), provision of health care, or other information. HIPAA also requires Tetra Tech to ensure the confidentiality of PHI. This Act 
can affect the ability of the Medical Data Sheet to contain and convey information you would want a Doctor to know if you were 
incapacitated. So before you complete the Medical Data Sheet understand that this form will not be maintained in a secure location. 
It will be maintained in a file box or binder accessible to other members of the field crew so that they can accompany an injured 
party to the hospital. 
 
DO NOT include information that you do not wish others to know, only information that may be pertinent in an emergency situation 
or treatment. 

 
               

Name (Print clearly)    Signature     Date
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FIGURE 10-2 

DIRECTIONS AND MAP TO VISTA MEDICAL CENTER WEST 
 

Vista Medical Center West 
2615 Washington St.  
Waukegan IL 60085 
(847) 249-3900 
 
Distance: 5.8 miles Approximate travel time: 16 minutes 
A. 10th Ave    

• Head northwest on 10th Ave toward Crusley Dr    0.2 mi   
• Turn right onto Crusley Dr      338 ft   
• Turn left onto Mahan Rd       0.1 mi   
• Turn right onto Decatur Ave      308 ft   
• Take the 1st left onto Paul Jones St     0.1 mi   
• Take the 3rd left onto Cluverius Ave     0.3 mi   
• Continue onto 22nd Street      1.2 mi   
• Turn right  onto N Green Bay Rd     0.2 mi   
• Turn right onto Washington St      0.4 mi 

B. Medical Center is on the right   
 

 



 

 

 
 

 

 

ATTACHMENTS



 

 

 
 

 
 

 
 

 
 

 
    

 

 

ATTACHMENT I 

SITE-SPECIFIC TRAINING 
DOCUMENTATION FORM 

AND 
EMPLOYEE 

TRAINING/QUALIFICATIONS/MEDICAL 
CLEARANCE  

 
TO BE ATTACHED BY PM/FOL 

  
(40-Hour HAZWOPER Certificates; 8-Hour HAZWOPER 

Refresher Certificates; First Aid/CPR Certificates; 
employee resumes as required) 



 

 

 
 

 SITE-SPECIFIC TRAINING DOCUMENTATION 
 
My signature below indicates that I am aware of the potential hazardous nature of performing field 
investigation activities at NS Great Lakes, and that I have received site-specific training which includes 
the following elements: 
• Names of personnel responsible for site safety and health 
• Safety, health, and other hazards present onsite 
• Use of personal protective equipment 
• Safe use of engineering controls and equipment 
• Medical surveillance requirements 
• Signs and symptoms of overexposure 
• Emergency response procedures (evacuation/assembly area) 
• Incipient response procedures 
• Review of the contents of relevant Material Safety Data Sheets 
• Review of the use of AHAs 
• Stop work authorization and process 
 
I have been given the opportunity to ask questions and my questions have been satisfactorily answered.  
The dates of my training and medical surveillance requirements indicated below are accurate. 

Name 
Printed and Signature 

Site-
Specific 40-Hour 8-Hour 

Refresher 
8-Hour 

Supervisor 
Medical 
Exam 

Basic First 
Aid/BBP 

       

 

       

 

       

 

       

 

       

 

       

 

       

 

       

 

       

 

       

 



 

 

 
 

 Insert employee documents here.



 

 

 
 

 

ATTACHMENT II 

EQUIPMENT INSPECTION CHECKLISTS



❑ 
❑ 

❑ 
❑ 

❑ 
❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ 
❑ 

❑ 
❑ 

❑ 
❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

 

 

 
 Equipment Inspection Checklist for Drill Rigs 

Company:         Unit/Serial No#:       
 
Inspection Date:       /      /      Time:  :  Equipment Type:       
            (e.g, Drill Rigs Hollow Stem, Mud Rotary, Direct Push, HDD)  
Project Name:        Project No#:        
 
Yes No NA Requirement Comments 

 
 
 

 
 

 

 
 
 

 
 

 

 
 
 

 
 

 

Emergency Stop Devices 
• Emergency Stop Devices (At points of operation) 
• Have all emergency shut offs identified been communicated to 

the field crew? 
• Has a person been designated as the Emergency Stop Device 

Operator? 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

Highway Use 
• Cab, mirrors, safety glass? 
• Turn signals, lights, brake lights, etc. (front/rear) for equipment 

approved for highway use? 
• Seat Belts? 
• Is the equipment equipped with audible back-up alarms and 

back-up lights? 
• Horn and gauges 
• Brake condition (dynamic, park, etc.) 
• Tires (Tread) or tracks 
• Windshield wipers 
• Exhaust system 
• Steering (standard and emergency) 
• Wheel Chocks? 
• Are tools and material secured to prevent movement during 

transport?  Especially those within the cab? 
• Are there flammables or solvents or other prohibited substances 

stored within the cab? 
• Are tools or debris in the cab that may adversely influence 

operation of the vehicle (in and around brakes, clutch, gas 
pedals) 

 



❑❑ 
❑ 

❑ 

❑❑ 
❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

❑ 

 

 

 
 

Yes No NA Requirement Comments 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fluid Levels: 
• Engine oil 
• Transmission fluid 
• Brake fluid 
• Cooling system fluid 
• Hoses and belts 
• Hydraulic oil 

 

 
 
 
 

 
 
 
 

 
 
 
 

High Pressure Hydraulic Lines 
• Obvious damage 
• Operator protected from accidental release 
• Coupling devices, connectors, retention cables/pins are in good 

condition and in place 

 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

Mast Condition 
• Structural components/tubing 
• Connection points 
• Pins 
• Welds 
• Outriggers 
• Operational 
• Plumb (when raised) 

 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

Hooks 
• Are the hooks equipped with Safety Latches? 
• Does it appear that the hook is showing signs of wear in excess 

of 10% original dimension? 
• Is there a bend or twist exceeding 10% from the plane of an 

unbent hook? 
• Increase in throat opening exceeding 15% from new condition 
• Excessive nicks and/or gouges 
• Clips 
• Number of U-Type (Crosby) Clips 

(cable size 5/16 – 5/8 = 3 clips minimum) 
(cable size 3/4 – 1 inch = 4 clips minimum) 
(cable size 1 1/8 – 1 3/8 inch = 5 clips minimum) 

 



❑ ❑ ❑ 

❑ ❑ ❑ 

❑ 
❑ 

❑ 
❑ 

❑ 
❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ 
❑ 

❑ 
❑ 

❑ 
❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

 

 

 
 

Yes No NA Requirement Comments 
 
 

 
 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

Power cable and/or hoist cable 
• Reduction in Rope diameter π 

(5/16 wire rope>1/64 reduction nominal size -replace) 
(3/8 to 1/2 wire rope>1/32 reduction nominal size-replace) 
(9/16 to 3/4 wire rope>3/64 reduction nominal size-replace) 

• Number of broken wires  
(6 randomly broken wires in one rope lay) 
(3 broken wires in one strand) 

• Number of wire rope wraps left on the Running Drum at nominal 
use (>3 required) 
- Lead (primary) sheave is centered on the running drum 

• Lubrication of wire rope (adequate?) 
• Kinks, bends – Flattened to > 50% diameter 

 

 
 

 
 

 
 

 
 

 
 

 
 

Hemp/Fiber rope (Cathead/Split Spoon Hammer) 
• Minimum ¾; maximum 1 inch rope diameter (Inspect for 

physical damage) 
• Rope to hammer is securely fastened 

 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

Safety Guards –  
• Around rotating apparatus (belts, pulleys, sprockets, spindles, 

drums, flywheels, chains) all points of operations protected 
from accidental contact? 

• Hot pipes and surfaces exposed to accidental contact? 
• High pressure lines 
• Nip/pinch points 

 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

Operator Qualifications 
• Does the operator have proper licensing where applicable, 

(e.g., CDL)? 
• Does the operator, understand the equipment’s operating 

instructions? 
• Is the operator experienced with this equipment? 
• Is the operator 21 years of age or more?  

 



D D 
	

D 

 

 

 
 

Yes No NA Requirement Comments 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

PPE Required for Drill Rig Exclusion Zone 
• Hardhat 
• Safety glasses 
• Work gloves 
• Chemical resistant gloves     

  
• Steel toed Work Boots 
• Chemical resistant Boot Covers 
• Apron 
• Coveralls Tyvek, Saranex, cotton)      

 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

Other Hazards 
• Excessive Noise Levels?     dBA 
• Chemical hazards (Drilling supplies - Sand, bentonite, grout, 

fuel, etc.) 
- MSDSs available? 

• Will On-site fueling occur 
- Safety cans available? 
- Fire extinguisher (Type/Rating -__________ _  )  

 

 
Approved for Use  Yes   No   See Comments 
 
 
                  
Site Health and Safety Officer       Operator 
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1.0 PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations.  Contact 
with underground or overhead utilities can have serious consequences including employee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users.  
 
The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface and overhead utility locating services.  
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees.  The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to present requirements and restrictions relevant to these types 
of activities.  This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 
 
2.0 SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities.  This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services.  This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement.  Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific 
project.  This SOP is not intended to provide a detailed description of methodology and instrument 
operation.  Specialized expertise during both planning and execution of several of the methods presented 
may also be required. 
 
3.0 GLOSSARY 

Electromagnetic Induction (EMI) Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 
 
Magnetometer – A device used for precise and sensitive measurements of magnetic fields.   
 
Magnetic Survey – A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects.   
 
Metal Detection – A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects.   
 
Vertical Gradiometer – A magnetometer equipped with two sensors that are vertically separated by a 
fixed distance.  It is best suited to map near surface features and is less susceptible to deep geologic 
features. 
 
Ground Penetrating Radar – Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter.  Some portion of the signal will be reflected 
from the subsurface material, which is then recorded with a receiver and electronically converted into a 
graphic picture. 
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4.0 RESPONSIBILITIES 

Project Manager (PM)/Task Order Manager (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 
 
Site Manager (SM)/Field Operations Leader (FOL) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPs or as otherwise directed by the approved 
project plan(s). 
 
Site Health & Safety Officer (SHSO) – Responsible to provide technical assistance and verify full 
compliance with this SOP.  The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PM/TOM. 
 
Health & Safety Manager (HSM) – Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 
 
Site Personnel – Responsible for performing their work activities in accordance with this SOP and the 
TtNUS Health and Safety Policy. 
 
5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services.  These procedures are 
addressed individually from a buried and overhead standpoint. 
 
5.1 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence and/or location is unknown or incorrectly known on 
client properties.  This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services.  In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 
 
Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PM/TOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 
 
1. A comprehensive review must be made of any available property maps, blue lines, or as-builts 

prior to site activities.  Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities.  
Information regarding utility locations shall be added to project maps upon completion of this 
exercise.  

 
2., A visual site inspection must be performed to compare the site plan information to actual field 

conditions.  Any findings must be documented and the site plan/maps revised.  The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities.  The site inspection should 
focus on locating surface indications of potential underground utilities.  Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions.  
Note the location of any emergency shut off switches.  Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PM/TOM.  

 
3. If the planned work is to be conducted on private property (e.g., military installations, 

manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel 
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements.  It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities.  

 
4. If the work location is on public property, the state agency that performs utility clearances must be 

notified (see Attachment 1).  State “one-call” services must be notified prior to commencing 
fieldwork per their requirements.  Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation.  Such services typically assign a "ticket" number to the 
particular site.  This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again.  The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame.  It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers.  Given this situation, “one call” systems may still be required to 
provide location services on military installations. 

 
5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 

accepted means.  The location of all utilities must be noted on a field sketch for future inclusion 
on project maps.  Utility locations are to be identified using the following industry-standard color 
code scheme, unless the property owner or utility locator service uses a different color code: 

 
 white excavation/subsurface investigation location 
 red electrical 
 yellow gas, oil, steam 
 orange telephone, communications 
 blue water, irrigation, slurry  
 green sewer, drain 

 
6. Where utility locations are not confirmed with a high degree of confidence through drawings, 

schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation.  In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools.  Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP.  Each 
method has advantages and disadvantages including complexity, applicability, and price.  It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

 
7. At each location where trenching or excavating will occur using a backhoe or other heavy 

equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass.  If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation.  

 
8. All utilities uncovered or undermined during excavation must be structurally supported to prevent 

potential damage.  Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM.  All repairs require that the line be 
locked-out/tagged-out prior to work.  
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5.2 Overhead Power Lines 

If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician.  If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 
 
The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 
 

Nominal Voltage Minimum Clearance 
0 -50 kV 10 feet, or one mast length; whichever is greater 

 
50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 

mast lengths; whichever is greater 
 
6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed.  The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 
 
6.1 Geophysical Methods 

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar.  
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and 
ground penetrating radar surveys can be found in one or more of the TtNUS SOPs included in the 
References (Section 8.0). 
 
Electromagnetic Induction 

Electromagnetic Induction (EMI) line locators operate either by locating a background signal or by 
locating a signal introduced into the utility line using a transmitter.  A utility line acts like a radio antenna, 
producing electrons, which can be picked up with a radiofrequency receiver.  Electrical current carrying 
conductors have a 60HZ signal associated with them.  This signal occurs in all power lines regardless of 
voltage.  Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which 
can be picked up with an EM receiver.  A typical example of this type of geophysical equipment is an EM-
61.    
 
EMI locators specifically designed for utility locating use a special signal that is either indirectly induced 
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp.  
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little 
chance of the resulting signals being interfered with.  A good example of this type of equipment is the 
Schonstedt® MAC-51B locator.  The MAC-51B performs inductively traced surveys, simple magnetic 
locating, and traced nonmetallic surveys.   
 
When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used.  
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the 
pipe. 
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Magnetics 

Magnetic locators operate by detecting the relative amounts of buried ferrous metal.  They are incapable 
of locating or identifying nonferrous utility lines but can be very useful for locating underground storage 
tanks (UST's), steel utility lines, and buried electrical lines.  A typical example of this type of equipment is 
the Schonstedt® GA-52Cx locator.  The GA-52Cx is capable of locating 4-inch steel pipe up to 8 feet 
deep. 
 
Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line.  A signal 
is then introduced to the snake that is then traced. 
 
Ground Penetrating Radar  

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the 
ground via a transmitter.  Some portion of the signal will be reflected from the subsurface material, which 
is then recorded with a receiver and electronically converted into a graphic picture.  In general, an object 
which is harder than the surrounding soil will reflect a stronger signal.  Utilities, tunnels, UST's, and 
footings will reflect a stronger signal than the surrounding soil.  Although this surface detection method 
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. 
gas, electrical vs. telephone); hence, verification may be necessary using other methods.  This method is 
somewhat limited when used in areas with clay soil types or with a high water table. 
 
6.2 Passive Detection Surveys  

Acoustic Surveys 

Acoustic location methods are generally most applicable to waterlines or gas lines.  A highly sensitive 
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds 
introduced into the water main using a transducer.  Acoustics may also be applicable to determine the 
location of plastic gas lines. 
 
Thermal Imaging  

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object. 
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or 
a monitor.  The operator does not look for an exact temperature; rather they look for heat anomalies 
(either elevated or suppressed temperatures) characteristic of a potential utility line.  
 
The thermal fingerprint of underground utilities results from differences in temperature between the 
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance.  In addition, 
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture 
content of underground utility trenches.  High-performance thermal imagery can detect temperature 
differences to hundredths of a degree. 
 
6.3 Intrusive Detection Surveys  

Vacuum Excavation  

Vacuum excavation is used to physically expose utility services.  The process involves removing the 
surface material over approximately a 1' x 1' area at the site location.  The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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debris.  This process ensures the integrity of the utility line during the excavation process, as no 
hammers, blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the 
risk of damage to utilities.  The process continues until the utility is uncovered. Vacuum excavation can be 
used at the proposed site location to excavate below the "utility window" which is usually 8 feet.  
 
Hand Excavation 

When the identification and location of underground utilities cannot be positively confirmed through 
document reviews and/or other methods, borings and excavations may be cleared via the use of non-
conductive hand tools.  This should always be done in conjunction with the use of detection equipment.  
This would be required for all locations where there is a potential to impact buried utilities.  The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site.  This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region.  Attachment 2 presents frost line depths for the regions of the 
contiguous United States.  At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs).  For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig 
auger or bit prior to drilling.  For soil gas surveys, the survey probe shall be placed as close as possible to 
the cleared hand excavation.  It is important to note that a post-hole digger must not be used in this type 
of hand excavation activity. 
 
Tile Probe Surveys 

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be 
used.  A tile probe is a “T”-handled rod of varying lengths that can be pushed into the soil to determine if 
any obstructions exist at that location.  Tile probes constructed of fiberglass or other nonconductive 
material are readily-available from numerous vendors.  Tile probes must be performed to the same depth 
requirements as previously specified.  As with other types of hand excavating activities, the use of a non-
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment. 
 
7.0 INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 
 
1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 

specified by the client or property owner. 
 

2. Notify the property owner and/or client that the locations are marked.  At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utility clearance.  

 
Note:  Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

 
3. Notify “One Call” service.  If possible, arrange for an appointment to show the One Call 

representative the surface locations or excavation boundaries in person.  This will provide a 
better location designation to the utilities they represent.  You should have additional drawings 
should you need to provide plot plans to the One Call service. 

 
4. Implement supplemental utility detection techniques as necessary and appropriate to conform 

utility locations or the absence thereof. 
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5. Complete Attachment 3, Utility Clearance Form.  This form should be completed for each 

excavation location.  In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form.  Upon completion, the Utility Clearance Form and 
revised/annotated utility location map becomes part of the project file. 

 
8.0 REFERENCES 

OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
Tt Utility Locating and Clearance Policy 
Tt SOP GH-3.1; Resistivity and Electromagnetic Induction 
Tt SOP GH-3.2; Magnetic and Metal Detection Surveys  
Tt SOP GH-3.4; Ground-penetrating Radar Surveys  
 



American Public Works Association 
2345 Grand Boulevard, Suite 500, Kansas City, MO 64108-2625 
Phone (816) 472-6100 • Fax (816) 472-1610 
Web vvww.apwa.net  • E-mail apwaigapwa.net  

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DIRECTORY 

Ala bama 
Alabama One-Call 
1-800-292-8525 

Alaska 
Locate Call Center of Alaska. Inc. 
1-800-478-3121 

Arizona 
Arizona Blue Stake 
1-800-782-5348 

Arkansas 
Arkansas One Call System, Inc 
1-800-482-8998 

California 
Underground Service Alen North 
1-800-227-2600 
Underground Service Alert of Southern 

California 
1-800-227-2600 

Colorado 
Utility Notification Center of Colorado 
1-800-922-1987 

Connecticut 
Call Before You Dig 
1-800-922-4455 

Delaware 
Miss Utility of Delmarva 
1-800-282-8555 

Florida 
Sunshine State 	 Florida,   One-Call of Inc 
1-800-432-4770 

Georgia 
Underground Protection Center, Inc. 
1-800-282-7411 

Hawaii 
Underground Service Alert North 
1-800-227-2600 

Idaho 
Dig Line Inc 
1-800-342-1585 
Kootenai County One-Call 
1-800-428-4950 
Shoshone - Benewah One-Call 
1-800-398-3285 

Illinois 
JULIE, Inc. 
1-800-892-0123 
Digger (Chicago Utility Alert Network) 
312-744-7000 

Indiana 
Indiana Underground Plant Protection 

Service 
1-800-382-5544 

Iowa 
Iowa One-Call 
1-800-292-8989 

Kansas 
Kansas One-Call System, Inc. 
1-800-344-7233 

Kentucky 
Kentucky Underground Protection Inc. 
1-800-752-6007 

Louisiana 
Louisiana One Call System, Inc. 
1-800-272-3320 

Maine 
Dig Safe System. Inc. 
1-888-344-7233 

Maryland 
Miss Utility 
1-800-257-7777 
Miss Utility of Delmarva 
1-800-282-8555 

Massachusetts 
Dig sate System, 
1-888.344-7233 

Michigan 
Miss Dig System, Inc. 
1-800-482-7171 

Minnesota 
Gopher State One Call 
1-800-252-1166 

Mississippi 
Mississippi One-Call System, Inc 
1-800-227-6477 

Missouri 
Missouri One-Call System, Inc. 
1-800-344-7483 

Montana 
Utilities Underground Protection Center 
1-800424-5555 
Montana One Call Center 
1-800-551-8344 

Nebraska 
Diggers Hotline of Nebraska 
1-800-331-5666 

Nevada 
Underground Service Alert North 
1-800-227-2600 

New Hampshire 
Dig Safe System, Inc. 
1-888-344-7233 

New Jersey 
New Jersey One Gall 
1-800-272-1000 

New Mexico 
New Mexico One Call System, Inc. 
1-800-321-2537 
Las Cruces- Dona Ana Blue Stakes 
1-888-528-0400 

New York 
Dig Safely New York 
1-800-962-7962 
New York City- Long Island One Call 

Center 
1-800-272-4480 

North Carolina 
The North Carolina One-Call Center, 

Inc. 
1-800-632-4949 

North Dakota 
North Dakota One-Call 
1-800-795-0555 

Ohio 
Ohio Utilities Protection Service 
1.800-362-2764 
Oil & Gas Producers Underground 

Protect'n Svc 
1-800-925-0988 

Oklahoma 
Call Okie 
1-800-522-6543 

Oregon 
Oregon Utility Notification Center/One 

Call Concepts 
1-800-332-2344 

Pennsylvania 
Pennsylvania One Call System, Inc, 
1-800-242-1770 

Rhode Island 
Dig Safe System, Inc. 
1-888-344-7233 

South Carolina 
Palmetto Utility Protection Service Inc 
1-888-721-7877 

South Dakota 
South Dakota One Call 
1-800-781-7474 

Tennessee 
Tennessee One-Call System Inc 
1-800-351-1111 

 Subject 
 

UTILITY LOCATING AND  
EXCAVATION CLEARANCE 

Number 
 HS-1.0 

Page 
 9 of 15 

Revision 
 3 

Effective Date 

 01/2012 

 
 

019611/P Tetra Tech 

 

ATTACHMENT 1 
LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES 

 

 



Texas 
Texas One Call System 
1-800-245-4545 
Texas Excavation Safety System, Inc. 
1-800-344-8377 
Lone Star Notification Center 
1-800-669-8344 

Utah 
Blue Stakes of Utah 
1-800-662-4111 

Vermont 
Dig Safe System, Inc. 
1-888-344-7233 

Virginia 
Miss Utility of Virginia 
1.800-552-7001 
Miss Utility (Northern Virginia) 
1-800-257-7777 

Washington 
Utilities Underground Location Center 
1-800-424-5555 
Northwest Utility Notification Center 
1-800-553-4344 
Inland Empire Utility Coordinating 

Council 
509-456-8000 

West Virginia 
Miss Utility of West Virginia. Inc. 
1-800-245-4848 

Wisconsin 
Diggers Hotline, Inc. 
1-800-242-8511 

Wyoming 
Wyoming One-Call System. Inc. 
1-800-348-1030 
Call before You Dig of Wyoming 
1-800-849-2476 

District of Columbia 
Miss Utility 
1-800-257-7777 

Alberta 
Alberta One-Call Corporation 
1-800-242-3447 

British Columbia 
BC One Cal 
1-800-474-6886 

Ontario 
Ontano One-Call System 
1-800-400-2255 

Quebec 
Info-Excavation 
1-800-663-9228 
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FROST PENETRATION 

Average Depth In Inches 

Courtesy U.S. Department Of Commerce 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client:       Project Name:        

Project No.:      Completed By:        

Location Name:      Work Date:       

Excavation Method/Overhead Equipment:         

1. Underground Utilities        Circle One 

 a)  Review of existing maps?      yes   no   N/A 

b) Interview local personnel?      yes   no   N/A 

c) Site visit and inspection?      yes   no   N/A 

 d) Excavation areas marked in the field?     yes   no   N/A 

 e) Utilities located in the field?      yes   no   N/A 

f) Located utilities marked/added to site maps?    yes   no   N/A 

g) Client contact notified       yes   no   N/A 
 Name     Telephone:       Date:     

 g) State One-Call agency called?      yes   no   N/A 
  Caller:        
  Ticket Number:         Date:     

 h) Geophysical survey performed?        yes   no   N/A 
Survey performed by:      

  Method:         Date:     

i) Hand excavation performed (with concurrent use of utility  yes   no   N/A 
 detection device)? 
 Completed by:       

  Total depth:  feet       Date:    

j) Trench/excavation probed?       yes   no   N/A 
Probing completed by:      

  Depth/frequency:        Date:     

2. Overhead Utilities        Present  Absent 

 a) Determination of nominal voltage     yes   no   N/A 
 b) Marked on site maps       yes   no   N/A 
 c) Necessary to lockout/insulate/re-route     yes   no   N/A 
 d) Document procedures used to lockout/insulate/re-route   yes   no   N/A 
 e) Minimum acceptable clearance (SOP Section 5.2):     

3. Notes:  
_____________________________________________________________________________ 
_____________________________________________________________________________ 
_____________________________________________________________________________ 

 Approval: 
            
 Site Manager/Field Operations Leader   Date 

c:  PM/Project File 
 Program File 



Mr. Joseph Caldwell 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
211 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7, 2003, we responded to your inquiry of September 18, 2002, regarding the 
use of hydro-vacuum equipment to locate underground utilities by excavation, After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition, a number of industry 
stakeholders, including the National Utility Contractors Association (NUCA), have provided new 
information regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry, 

Question: Section 1926.651 contains several requirements that relate to the safety of employees 
engaged in excavation work. Specifically, paragraphs (b)(2) and (b)(3) relate in part to the 
safety of the means used to locate underground utility installations that, if damaged during an 
uncovering operation, could pose serious hazards to employees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines, and further, would the use of hydro-vacuum excavation be acceptable under the 
standard? 

Answer 

Background 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651(Specific excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (b)(2) states: 

When utility companies or owners cannot respond to a request to locate underground utility 
installations within 24 hours * * * or cannot establish the exact location of these installations, the 
employer may proceed, provided the employer does so with caution, and provided detection 
equipment or other acceptable means to locate utility installations are used. (emphasis added). 

Paragraph (b)(3) provides: 
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When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceptable means. (emphasis 
added). 

Therefore, "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe and 
acceptable means." The preambles to both the proposed rule and the final rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15, 1987), noted that a 1972 version of this standard contained language that 
specified "careful probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equally 
effective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities 
have not been marked and detection equipment is not being used — "probing with hand-held 
tools." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31, 1989): 

OSHA received two comments * * and input from ACCSH IOSHA's Advisory Committee on 
Construction Safety and Health] * * on this provision. All commenters recommended dropping 
`such as probing with hand-held tools' from the proposed provision, because this could create a 
hazard to employees by damaging the installation or its insulation. 

In other words, the commenters objected to the use of hand tools being used unless detection 
equipment was used in conjunction with them. OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Non-conductive hand tools are permitted 

This raises the question of whether the standard permits the use of hand tools alone -- without 
also using detection equipment. NUCA and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non-
conductive or insulated probes were not discussed in the rulemaldng Since they were not 
considered at that time, they were not part of the class of equipment that was thought to be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand tools, when used with 
appropriate caution, is an "acceptable means" for locating underground utilities. 
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Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
"acceptable means" of locating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies 

We are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions, please feel free to contact us again by fax at: U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of Construction Standards and Compliance Assistance, fax # 
202-693-1689. You can also contact us by mail at the above office, Room N3468, 200 
Constitution Avenue, N.W., Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 

NOTE: OSHA requirements are set by statute, standards and regulations. Our interpretation 
letters explain these requirements and how they apply to particular circumstances, but they 
cannot create additional employer obligations. This letter constitutes OSHA=s interpretation 
of the requirements discussed. Note that our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
information. To keep apprised of such developments, you can consult OSHA's website at 
http://www.osha.gov. 
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ATTACHMENT IV 

OSHA POSTER
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occupati al Safety 
andlilealth Administration 

DG rtment of Labor 
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Free assistance in identifying and 
correcting hazards or complying with 
standards is available to employers, 
without citation or penalty, through 
OSHA-supported consultation 
programs in each state. 

1-800-321-OSHA 
vvvi.rw.osha.gov  

Job Safety 
and Health 
It's the law! 
EMPLOYEES: 
You have the right to notify your employer or OSHA 
about workplace hazards_ You may ask OSHA to keep 
your name confidential. 

• You have the right to request an OSHA inspection if you 
believe that There are unsafe and unhealthful conditions 
in your workplace. You or your representative may 
participate in that inspection. 

• You can file a complaint with OSHA within 30 clays 
of retaliation or discrimination by your employer for 
making safety and health complaints or for exercising 
your rights under the OSH Act 

You have the right to see OSHA citations issued to your 
employer. Your employer must post the citations at or 
near the place of the alleged violations. 

• Your employer must correct workplace hazards by the 
date indicated on the citation and must certify that 
these hazards have been reduced or eliminated. 

• You have the right to copies of your medical records 
and records of your exposures to toxic and harmful 
substances or conditions. 

• Your employer must post this notice in your workplace. 

• You must comply with all occupational safety and health 
standards issued under the  OSH Art  that apply to your 
own actions and conduct on the job. 

EMPLOYERS: 
• You must furnish your employees a place of employment 

free from recognized hazards. 

You must comply with the occupational safety and health 
standards issued under the 0.51-1 Act. 

This free poster available from OSHA  - 
The Best Resource for Safety and Health 

1sphi 8iss-124at 
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CERTIFICATE OF ACCREDITATION 
ANSI-ASQ National Accreditation Board/ACLASS 

500 Montgomery Street, Suite 625, Alexandria, VA 22314, 877-344-3044 

This is to certify that 

TriMatrix Laboratories, Inc. 
5560 Corporate Exchange Court, SE 

Grand Rapids, MI 49512 
has been assessed by ACLASS 
and meets the requirements of  

ISO/IEC 17025:2005 and DoD-ELAP 
while demonstrating technical competence in the field(s) of 

TESTING 
Refer to the accompanying Scope(s) of Accreditation for information regarding the 

types of tests to which this accreditation applies. 
 
  ADE-1542 

        Certificate Number     
  

  
        ACLASS Approval 
 
Certificate Valid:  4/30/2011-04/30/2013        
Version No. 002        Issued: 12/23/2011 
                         

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2005.  This 
accreditation demonstrates technical competence for a defined scope and the operation of a laboratory quality 

management system (refer to joint ISO-ILAC-IAF Communiqué dated January 2009). 
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SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 & DoD-ELAP  
 

TriMatrix Laboratories, Inc 
5560 Corporate Exchange Court, SE, Grand Rapids, MI 49512 

Rick Wilburn Phone:  616-975-4500 
 

TESTING 
 

Valid to:  April 30, 2013  Certificate Number:  ADE - 1542 

I. Environmental 

MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water/Solid TKN 351.2 Spectrophotometric 

Water/Solid 
Nitroaromatics and 

Nitramines 
8330A HPLC-UV 

Solid Ignitability 1020A Closed-Cup 

Water 
HEM Oil and 

Grease/SGT-HEM 
Non-Polar Material 

1664A/9070A Gravimetric 

Solid 
HEM Oil and 

Grease/SGT-HEM 
Non-Polar Material 

9071B Gravimetric 

Water  Metals 200.7/6010C ICP 

Solid Metals 6010C ICP 

Water Metals 200.8/6020A ICP MS 

Solid Metals 6020A ICP MS 

Water 
Calcium Hardness As 

CaCO3 
SM2340B ICP 

Water 
Total Hardness As 

CaCO3     
SM2340B ICP 

Water Mercury 245.1/7470A CVAA 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Solid Mercury 7471A CVAA 

Water Volatiles Organics 601/602/8021B GC-PID; HECD 

Solid Volatile Organics     8021B GC-PID; HECD 

Water Volatile Organics 524.2/624/8260B GCMS 

Solid Volatile Organics 8260B GCMS 

Water 
Organochlorine 

Pesticides 
608/8081B GC-ECD 

Solid 
Organochlorine 

Pesticides 
8081B GC-ECD 

Water 
Semivolatile Organic 

Compounds 
625/8270C GCMS 

Solid 
Semivolatile Organic 

Compounds 
8270C GCMS 

Water PCBs 608/8082A GC 

Solid PCBs 8082A GC 

Water/Solid 
Chlorinated 
Herbicides 

8151A GC-ECD 

Solid Paint Filter Test 9095B Filtration 

Water Sulfate ASTM D516-02(90); 9038 Turbidimetric 

Water 
Dissolved Gas 

Analysis 
RSK-175 GC-FID 

Water Color SM 2120B Platinum-Cobalt Color 

Water Turbidity SM2130B Nephelometric 

Water Acidity SM2310B Titrimetric 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water 
Total Alkalinity  

(as CaCO3) 
SM2320B Titrimetric 

Water  Conductivity SM2510B/9050A Specific Conductance 

Water 
Total Residue/Solids 

(TS) 
SM2540B Gravimetric 

Water 
Filterable Residue 

(TDS) 
SM2540C Gravimetric 

Water 
Non-Filterable 
Residue (TSS)              

SM 2540 D Gravimetric 

Solid Chromium (VI) Cr+6 3060A Digestion 

Water Chromium (VI) Cr+6 SM3500-Cr B/7196A Spectrophotometric 

Solid Chromium (VI) Cr+6 7196A Spectrophotometric 

Water Ferrous Iron SM 3500-Fe B Spectrophotometric 

Water Chloride SM 4500-Cl E/9251 Spectrophotometric 

Water/Solid Fluoride SM 4500-F C ISE 

Water pH and Corrosivity SM 4500-H+ B/9040C Potentiometric 

Solid pH and Corrosivity 9045D Potentiometric 

Water/Solid Ammonia-N SM 4500-NH3 B Distillation 

Water/Solid Ammonia-N SM 4500-NH3 G Spectrophotometric 

Water Nitrite-N SM 4500-NO2 B/NO3 F Spectrophotometric 

Water/Solid Nitrate-N SM 4500-NO3 F Spectrophotometric 

Water Nitrate+Nitrite-N SM 4500-NO3 F Spectrophotometric 



ss,, 

Version 004                                                                                                                                                          Issued: 12/23/2011 Page 4 of 7 

 

 

 
 

         500 Montgomery St. Suite 625│ Alexandria, VA 22314│703-836-0025 │ www.aclasscorp.com 

 

MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water Sulfide SM 4500-S2 D Spectrophotometric 

Water Sulfide SM 4500-S2 F Titrimetric 

Water/Solid Sulfide 9034 Titrimetric 

Water Sulfite SM 4500-SO3
2- B Titrimetric 

Water o-Phosphate SM 4500-P E Spectrophotometric 

Water/Solid Phosphorus Total SM 4500-P E Spectrophotometric 

Water Silica as SiO2 SM 4500-SiO2 D Spectrophotometric 

Water COD SM 5220 D Spectrophotometric 

Water 
Total Organic Carbon 

(TOC) 
SM 5310 C/9060A Oxidation/CO2 Det 

Water Surfactants (MBAS) SM 5540 C Spectrophotometric 

Water 
Heterotrophic 

Bacteria (Std Plate) 
SM 9215 B Microbiological 

Water Fecal Coliform SM 9222 D Microbiological 

Water 
Total Coliform, E. 

Coli 
SM 9223 B Microbiological 

Solid 
Total Residue/Solids 

(TS) 
SM 2540B Gravimetric 

Water/Solid 
Diesel Range 

Organics (DRO) 
Wisconsin DRO/8015C GC-FID 

Water/Solid 
Gasoline Range 
Organics (GRO) 

Wisconsin GRO/8015C GC-FID 

Water/Solid Oil Range Organics 8015C GC-FID 

Water/Solid TCLP 1311 Acetic Acid Leaching 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water/Solid SPLP 1312 Acetic Acid Leaching 

Solid 
Semivolatiles 

Extraction 
3550C Ultrasonic Extraction 

Water Metals Digestion 200.2 Block Digestion 

Solid 
Semivolatiles 

Extraction 
3545A Pressurized Fluid Ext 

Solid Volatiles Extraction 5035A Purge & Trap 

Solid Cyanide Extraction 9013A Extraction 

Water Metals Digestion 3010A Block Digestion 

Water Metals Digestion 3020A Block Digestion 

Solid Metals Digestion 3050B Block Digestion 

Water 
Semivolatiles 

Extraction 
3510C Separatory Funnel Ext 

Water Volatiles Extraction 5030B Purge & Trap/Water 

Water Volatile Residue (VS)                                                                                 160.4 Gravimetric 

Water Methoxychlor                                                                                         608 GC-ECD 

Water 
1,2-Dibromo-3-

Chloropropane & 1,2-
Dibromoethane 

8011 GC-ECD 

Water/Solid 
Nitroglycerine and 

PETN 
8332 HPLC-UV 

Water Mercury, Low-Level                                                                                              1631E CVAF 

Water Anions 300.0/9056A Ion Chromatographic 

Solid Anions 9056A Ion Chromatographic 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water Total Phenolics                                                                                            420.4/9065 Spectrophotometric 

Solid Total Phenolics 9065 Spectrophotometric 

Water 
Nonhalogenated 

Organics 
8015C GC-FID 

Water/Solid 
Semivolatile Organic 

Compounds 
8270C SIM GCMS 

Water/Solid Carbonyl Compounds 8315A HPLC-UV 

Water 
Total Organic Halides 

(TOX)                                                                           
9020B Coulometric Titration 

Water/Solid Sulfide                                                                                              9030B Distillation 

Solid 

Acid Volatile Sulfide 
and Selected 

Simultaneously  
Extractable Metals 

EPA  Method 821-R-91-
100 

Distillation/ 
Spectrophotometric 

Solid 
Total Organic Carbon 

(TOC)                                                                            
Lloyd Kahn  Infrared 

Water/Solid Cyanide Available OIA-1677 Amperometry 

Water 
Calcium Hardness As 

CaCO3                                                                            
SM 2340 C Titrimetric 

Water 
Total Hardness As 

CaCO3                                                                            
SM 2340 C Titrimetric 

Water Cyanide                                                                                        SM 4500-CN C/9010C Distillation 

Solid Cyanide 9010C Distillation 

Water Cyanide Total                                                                                        SM 4500-CN E/9014 Spectrophotometric 

Solid Cyanide Total 9014 Spectrophotometric 

Water Cyanide Amenable                                                                                     SM 4500-CN G/9014 Spectrophotometric 

Solid Cyanide Amenable 9014 Spectrophotometric 
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MATRIX 
SPECIFIC TEST 

or ANALYTE 
GROUP**  

SPECIFICATION OR 
STANDARD 
METHOD  

(all EPA unless 
specified) 

* KEY EQUIPMENT 
OR TECHNOLOGY 

USED 

Water BOD and CBOD SM 5210 B Luminescence 

Solid 
Total Organic Carbon 

(TOC)                                                                            
WALKLEY BLACK Titrimetric 

Water Bromide ASTM D1246-88 ISE 

Notes: 
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NELAC 
Code Analyte

Trace Metals
1000 Aluminum 200.7 200.8 6010C 6020A 6010C

1005 Antimony 200.8 6020A 6020A

1010 Arsenic 200.7 200.8 6010C 6020A 6010C 6020A

1015 Barium 200.7 200.8 6010C 6020A 6010C 6020A

1020 Beryllium 200.7 200.8 6010C 6020A 6010C 6020A

1025 Boron 200.7 200.8 6010C 6020A 6010C 6020A

1030 Cadmium 200.7 200.8 6010C 6020A 6010C 6020A

1035 Calcium 200.7 6010C 6010C

1040 Chromium, total 200.7 200.8 6010C 6020A 6010C 6020A

1045 Chromium VI SM3500Cr B 7196A 7196A

1050 Cobalt 200.7 200.8 6010C 6020A 6010C 6020A

1055 Copper 200.7 200.8 6010C 6020A 6010C 6020A

1070 Iron 200.7 6010C 6010C

1075 Lead 200.7 200.8 6010C 6020A 6010C 6020A

1085 Magnesium 200.7 6010C 6010C

1090 Manganese 200.7 200.8 6010C 6020A 6010C 6020A

1095 Mercury 245.1 7470A 7471A

1095 Mercury (Low Level) 1631E

1100 Molybdenum 200.7 200.8 6010C 6020A 6010C 6020A

1105 Nickel 200.7 200.8 6010C 6020A 6010C 6020A

1125 Potassium 200.7 6010C 6010C

1140 Selenium 200.7 200.8 6010C 6020A 6010C 6020A

1150 Silver 200.7 200.8 6010C 6020A 6010C 6020A

1155 Sodium 200.7 6010C 6010C

1160 Strontium 200.7 200.8 6010C 6020A 6010C

1165 Thallium 200.7 200.8 6010C 6020A 6010C 6020A

1175 Tin 200.7 200.8 6010C 6020A 6010C 6020A

1180 Titanium 200.7 6010C 6010C

1185 Vanadium 200.7 200.8 6010C 6020A 6010C 6020A

1190 Zinc 200.7 200.8 6010C 6020A 6010C 6020A

Demands 
2040 TOC SM5310C 9060A Walkley Black Lloyd Kahn

1565 COD SM5220D

Misc Analytes
1505 Total Alkalinity (as CaCO3) SM2320B

BOD and CBOD SM5210B

Calcium Hardness as CaCO3 SM2340B SM2340C

1550 Total Hardness as CaCO3 SM2340B SM2340C

1960 Total Residue/Solids (TS) SM2540B 3550C

1705 Filterable Residue (TDS) SM2540C

1780 Ignitability 1020A

1955 Non-Filterable Residue (TSS) SM2540D

Volitile Residue (VS) 160.4

pH 9040C SM4500H+B 9045D

2005 Sulfide SM4500S2- D SM4500S2- F 9034 9034

1645 Total Cyanide SM4500CN E 9014 9014

1510 Cyanide, Amenable SM4500-CN G 9014 9014

1515  Ammonia SM4500NH3-G SM4500NH3-G

1610 Conductivity SM2510B 9050A

1795 Nitrogen, Total Kjeldahl (TKN) 351.2 351.2

1905 Total Phenolics 420.4 9065 9065

2045 Total Organic Halides (TOX) 9020B

1540 Bromide ASTM D1246-88 9056A 9056A

1575 Chloride SM4500Cl-E 9251 300.0 9056A 9056A

1730 Fluoride SM4500F-C 300.0 9056A 9056A SM4500F-C
1810 Nitrate as N SM4500NO3-F 300.0 9056A 9056A SM4500NO3-F

1840 Nitrite as N SM4500NO2-B SM4500NO3-F 300.0 9056A 9056A

1820 Nitrate + Nitrite as N SM4500NO3-F 300.0 9056A 9056A

1870 ortho-phosphorus SM4500P-E

1910 Total Phosphorus SM4500P-E SM4500P-E

1990 Silica as SiO2 SM4500-Si D

2000 Sulfate ASTM D516-02 9038 300.0 9056A 9056A

2025 Surfactants - MBAS SM5540C

Fecal Coliform SM9222D

Heterotrophic Bacteria (Std Plate) SM9215B

Total Coliform, E. Coli SM9223B

2055 Turbidity SM2130B

Petroleum Hydrocarbons
1935 SGT-HEM; Non-Polar Material 1664A 9070A 9071B

1860 HEM; Oil and Grease 1664A 9070A 9071B

9408 Gasoline Range Organics (GRO) 8015C Wisconsin GRO 8015C Wisconsin GRO

9369 Diesel Range Organics (DRO) 8015C Wisconsin DRO 8015C Wisconsin DRO

Oil Range Organics (ORO) 8015C 8015C

VOCs
4315 Acetone 624 8260B 8260B

4320 Acetonitrile 624 8260B 8260B

4325 Acrolein 624 8260B 8260B

4340 Acrylonitrile 624 8260B 8260B

4375 Benzene 524.2 624 8260B 602 8021B 8021B 8260B

4385 Bromobenzene 524.2 8260B 601 8021B 8021B 8260B

4390 Bromochloromethane 524.2 8260B 8260B

4395 Bromodichloromethane 524.2 624 8260B 601 8021B 8021B 8260B

4400 Bromoform 524.2 624 8260B 601 8021B 8021B 8260B

4950 Bromomethane 524.2 624 8260B 601 8021B 8021B 8260B

4410 2-Butanone (MEK) 624 8260B 8260B

4435 n-Butylbenzene 524.2 8260B 8260B

4440 sec-Butylbenzene 524.2 8260B 8260B

4445 tert-Butylbenzene 524.2 8260B 8260B

4450 Carbon disulfide 624 8260B 8260B

4455 Carbon Tetrachloride 524.2 624 8260B 601 8021B 8021B 8260B

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI
TriMatrix Laboratoires, Inc.

Matrix

Aqueous
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NELAC 
Code Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI
TriMatrix Laboratoires, Inc.

Matrix

Aqueous
4475 Chlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B

4575 Chlorodibromomethane 524.2 624 8260B 601 8021B 8021B 8260B

4485 Chloroethane 524.2 624 8260B 601 8021B 8021B 8260B

4500 2-Chloroethylvinylether 624 8260B 601 8021B 8021B 8260B

4505 Chloroform 524.2 624 8260B 601 8021B 8021B 8260B

4960 Chloromethane 524.2 624 8260B 601 8021B 8021B 8260B

4535 2-Chlorotoluene 524.2 8260B 8260B

4540 4-Chlorotoluene 524.2 8260B 8260B

4570 1,2-Dibromo-3-chloropropane (DBCP) 624 8260B 601 8021B 8021B 8260B

4585 1,2-Dibromoethane (EDB) 624 8260B 601 8021B 8021B 8260B

4595 Dibromomethane 524.2 624 8260B 601 8021B 8021B 8260B

4610 1,2-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B

4615 1,3-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B

4620 1,4-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B

4625 Dichlorodifluoromethane 524.2 624 8260B 601 8021B 8021B 8260B

4630 1,1-Dichloroethane 524.2 624 8260B 601 8021B 8021B 8260B

4635 1,2-Dichloroethane 524.2 624 8260B 601 8021B 8021B 8260B

4640 1,1-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B

4645 cis -1,2-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B

4700 trans-1,2-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B

4975 Dichloromethane (Methylene Chloride) 524.2 624 8260B 601 8021B 8021B 8260B

4655 1,2-Dichloropropane 524.2 624 8260B 601 8021B 8021B 8260B

4660 1,3-Dichloropropane 524.2 8260B 8260B

4665 2,2-Dichloropropane 524.2 8260B 8260B

4670 1,1-Dichloropropene 524.2 8260B 8260B

4680 cis-1,3-Dichloropropene 524.2 624 8260B 601 8021B 8021B 8260B

4685 trans -1,3-Dichloropropene 524.2 624 8260B 601 8021B 8021B 8260B

9375 Di-isopropylether (DIPE) 8260B 8260B

4765 Ethylbenzene 524.2 624 8260B 602 8021B 8021B 8260B

3815 1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 8260B 8260B

4835 Hexachlorobutadiene 524.2 624 8260B 8260B

4860 2-Hexanone 624 8260B 8260B

4900 Isopropylbenzene 524.2 624 8260B 601 8021B 8021B 8260B

4910 4-Isopropyltoluene 524.2 8260B 8260B

4995 4-Methyl-2-pentanone (MIBK) 624 8260B 8260B

5000 Methyl-tert-butylether (MTBE) 524.2 624 8260B 602 8021B 8021B 8260B

5005 Naphthalene 524.2 624 8260B 601 8021B 8021B 8260B

5090 n-Propylbenzene 524.2 8260B 8260B

5100 Styrene 524.2 624 8260B 601 8021B 8021B 8260B

4370 tert-amylmethylether (TAME) 8260B 8260B

5105 1,1,1,2-Tetrachloroethane 524.2 624 8260B 601 8021B 8021B 8260B

5110 1,1,2,2-Tetrachloroethane 524.2 624 8260B 601 8021B 8021B 8260B

5115 Tetrachloroethene 524.2 624 8260B 601 8021B 8021B 8260B

5140 Toluene 524.2 624 8260B 602 8021B 8021B 8260B

5150 1,2,3-Trichlorobenzene 524.2 8260B 8260B

5155 1,2,4-Trichlorobenzene 524.2 624 8260B 601 8021B 8021B 8260B

5160 1,1,1-Trichloroethane 524.2 624 8260B 601 8021B 8021B 8260B

5165 1,1,2-Trichloroethane 524.2 624 8260B 601 8021B 8021B 8260B

5170 Trichloroethene 524.2 624 8260B 601 8021B 8021B 8260B

5175 Trichlorofluoromethane (Freon 11) 524.2 624 8260B 601 8021B 8021B 8260B

5180 1,2,3-Trichloropropane 524.2 624 8260B 601 8021B 8021B 8260B

5210 1,2,4-Trimethylbenzene 524.2 8260B 8260B

5215 1,3,5-Trimethylbenzene 524.2 8260B 8260B

5225 Vinyl acetate 624 8260B 601 8021B 8021B 8260B

5235 Vinyl chloride 524.2 624 8260B 601 8021B 8021B 8260B

5250 o-Xylene 624 8260B 602 8260B

5240 m+p-Xylene 624 8260B 602 8260B

5260 Xylenes, total 524.2 624 8260B 602 8021B 8021B 8260B

SVOCs - Base/Neutrals/Acids
5500 Acenaphthene 8270C SIM 625 8270C 8270C 8270C SIM

5505 Acenaphthylene 8270C SiM 625 8270C 8270C 8270C SIM

5545 Aniline 625 8270C 8270C

5555 Anthracene 8270C SIM 625 8270C 8270C 8270C SIM

5575 Benzo(a)anthracene 8270C SIM 625 8270C 8270C 8270C SIM

5585 Benzo(b)fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM

5600 Benzo(k)fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM

5590 Benzo(g,h,i)perylene 8270C SIM 625 8270C 8270C 8270C SIM

5580 Benzo(a)pyrene 8270C SIM 625 8270C 8270C 8270C SIM

5595 Benzidine 625 8270C 8270C

5610 Benzoic acid 625 8270C 8270C

5630 Benzyl alcohol 625 8270C 8270C

5660 4-Bromophenyl-phenylether 625 8270C 8270C

5670 Butyl benzyl phthalate 625 8270C 8270C

5680 Carbazole 8270C

5745 4-Chloroaniline 625 8270C 8270C

5760 bis(2-Chloroethoxy)methane 625 8270C 8270C

5765 bis(2-Chloroethyl)ether 625 8270C 8270C

5780 bis(2-Chloroiospropyl) ether 625 8270C 8270C

5700 4-Chloro-3-methylphenol 625 8270C 8270C

5795 2-Chloronaphthalene 625 8270C 8270C

5825 4-Chlorophenyl-phenylether 625 8270C 8270C

5800 2-Chlorophenol 625 8270C 8270C

5855 Chrysene 8270C SIM 625 8270C 8270C 8270C SIM

5895 Dibenzo(a,h)anthracene 8270C SIM 625 8270C 8270C 8270C SIM

5905 Dibenzofuran 625 8270C 8270C

5925 Di-n-butylphthalate 625 8270C 8270C

4610 1,2-Dichlorobenzene 625 8270C 8270C

4615 1,3-Dichlorobenzene 625 8270C 8270C

4620 1,4-Dichlorobenzene 625 8270C 8270C

5945 3,3'-Dichlorobenzidine 625 8270C 8270C

6000 2,4-Dichlorophenol 625 8270C 8270C

6005 2,6-Dichlorophenol 625 8270C 8270C

6070 Diethyl phthalate 625 8270C 8270C

6130 2,4-Dimethylphenol 625 8270C 8270C
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NELAC 
Code Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI
TriMatrix Laboratoires, Inc.

Matrix

Aqueous
6135 Dimethylphthalate 625 8270C 8270C

6175 2,4-Dinitrophenol 625 8270C 8270C

6185 2,4-Dinitrotoluene 625 8270C 8270C

6190 2,6-Dinitrotoluene 625 8270C 8270C

6200 Di-n-octylphthalate 625 8270C 8270C

4740 p-Dioxane 8270C 8270C

6065 bis(2-ethylhexyl) phthalate 625 8270C 8270C

6265 Fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM

6270 Fluorene 8270C SIM 625 8270C 8270C 8270C SIM

6275 Hexachlorobenzene 625 8270C 8270C

4835 Hexachlorobutadiene 625 8270C 8270C

6285 Hexachlorocyclopentadiene 625 8270C 8270C

4840 Hexachloroethane 625 8270C 8270C

6315 Indeno(1,2,3, cd)pyrene 8270C SIM 625 8270C 8270C 8270C SIM

6320 Isophorone 625 8270C 8270C

6360 2-Methyl-4,6-Dinitrophenol 625 8270C 8270C

6400 2-Methylphenol 625 8270C 8270C

6410 4-Methylphenol (and/or 3-Methylphenol) 625 8270C 8270C

6385 2-Methylnaphthalene 8270C SIM 625 8270C 8270C 8270C SIM

5005 Naphthalene 8270C SIM 8270C 8270C 8270C SIM

6460 2-Nitroaniline 625 8270C 8270C

6465 3-Nitroaniline 625 8270C 8270C

6470 4-Nitroaniline 625 8270C 8270C

5015 Nitrobenzene 625 8270C 8270C

6490 2-Nitrophenol 625 8270C 8270C

6500 4-Nitrophenol 625 8270C 8270C

6525 N-Nitrosodiethylamine 625 8270C 8270C

6530 N-Nitrosodimethylamine 625 8270C 8270C

6535 N-Nitrosodiphenylamine 625 8270C 8270C

6545 N-Nitroso-di-n-propylamine 625 8270C 8270C

6590 Pentachlorobenzene 625 8270C 8270C

6605 Pentachlorophenol 625 8270C 8270C

6615 Phenanthrene 8270C SIM 625 8270C 8270C 8270C SIM

6625 Phenol 625 8270C 8270C

6665 Pyrene 8270C SIM 625 8270C 8270C 8270C SIM

5095 Pyridine 625 8270C 8270C

6715 1,2,4,5-Tetrachlorobenzene 625 8270C 8270C

6735 2,3,4,6-Tetrachlorophenol 625 8270C 8270C

5145 o-Toluidine 625 8270C 8270C

5155 1,2,4-Trichlorobenzene 625 8270C 8270C

6835 2,4,5-Trichlorophenol 625 8270C 8270C

6840 2,4,6-Trichlorophenol 625 8270C 8270C

Nitroaromatic and Nitramines
9306 4-Amino-2,6-dinitrotoluene 8330A 8330A

9303 2-Amino-4,6-dinitrotoluene 8330A 8330A

6160 1,3-Dinitrobenzene 8330A 8330A

6185 2,4-Dinitrotoluene 8330A 8330A

6190 2,6-Dinitrotoluene 8330A 8330A

9522 HMX (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) 8330A 8330A

5015 Nitrobenzene 8330A 8330A

6485 Nitroglycerin 8332 8332

9507 2-Nitrotoluene 8330A 8330A

9510 3-Nitrotoluene 8330A 8330A

9513 4-Nitrotoluene 8330A 8330A

9558 Pentaerythritoltetranitrate 8332 8332

9432 RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) 8330A 8330A

6415 Tetryl (methyl-2,4,6-trinitrophenylnitramine) 8330A 8330A

6885 1,3,5-Trinitrobenzene 8330A 8330A

9651 2,4,6-Trinitrotoluene 8330A 8330A

Pesticides
7025 Aldrin 608 8081B 8081B

7110 alpha-BHC 608 8081B 8081B

7115 beta-BHC 608 8081B 8081B

7105 delta-BHC 608 8081B 8081B

7120 gamma-BHC (Lindane) 608 8081B 8081B

7240 alpha-Chlordane 608 8081B 8081B

7245 gamma-Chlordane 608 8081B 8081B

7250 Chlordane (technical) 608 8081B 8081B

7355 DDD (4,4) 608 8081B 8081B

7360 DDE (4,4) 608 8081B 8081B

7365 DDT (4,4) 608 8081B 8081B

7470 Dieldrin 608 8081B 8081B

7510 Endosulfan I 608 8081B 8081B

7515 Endosulfan II 608 8081B

7520 Endosulfan sulfate 608 8081B

7540 Endrin 608 8081B 8081B

7530 Endrin aldehyde 608 8081B 8081B

7535 Endrin ketone 608 8081B 8081B

7685 Heptachlor 608 8081B 8081B

7690 Heptachlor Epoxide (beta) 608 8081B 8081B

7810 Methoxychlor 608.2 8081B 8081B

8250 Toxaphene (total) 608 8081B 8081B

Organophoshorus Pesticides
7475 Dimethoate 8270C 8270C

8610 Dichlorvos 8270C 8270C

8625 Disulfoton 8270C 8270C

7955 Parathion, ethyl 8270C 8270C

7825 Parathion, methyl 8270C 8270C

7985 Phorate 8270C 8270C

8155 Sulfotepp 8270C 8270C

Herbicides
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NELAC 
Code Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI
TriMatrix Laboratoires, Inc.

Matrix

Aqueous
8655 2,4,5-T 8151A 8151A

8650 2,4,5-TP (Silvex) 8151A 8151A

8545 2,4-D 8151A 8151A

8560 2,4-DB 8151A 8151A

8555 Dalapon 8151A 8151A

8595 Dicamba 8151A 8151A

8605 Dichloroprop 8151A 8151A

8620 Dinoseb 8151A 8151A

7775 MCPA 8151A 8151A

7780 MCPP 8151A 8151A

6605 Pentachlorophenol 8151A

8645 Picloram 8151A

PCBs
8880 Aroclor 1016 608 8082A 8082A

8885 Aroclor 1221 608 8082A 8082A

8890 Aroclor 1232 608 8082A 8082A

8895 Aroclor 1242 608 8082A 8082A

8900 Aroclor 1248 608 8082A 8082A

8905 Aroclor 1254 608 8082A 8082A

8910 Aroclor 1260 608 8082A 8082A

Misc. Analytes -Additional
Iron, Ferrous SM 3500-Fe B

Cyanide, Available OIA-1677 OIA-1677

Acidity SM 2310 B

Sulfite SM 4500-SO3 B

Paint Filter Liquids Test 9095B

Color SM 2120 B

Acid Volatile Sulfides (AVS/SEM) EPA-821-R-91-100

PCBs - Additional Aroclors
Aroclor 1262 608 8082A 8082A

Aroclor 1268 608 8082A 8082A

Misc. Organics
Ethane RSK-175

Ethylene RSK-175

Methane RSK-175

 Additional Compounds
Volatiles 
1,2-dibromo-3-chloropropane 8011

1,2-dibromoethane 8011

1,2,3-Trimethylbenzene 8260B 8260B

1,2,3-trichlorobenzene 8260B 8260B

1,2,3-trichloropropane 8260B 8260B

1,4-dichlorobenzene 8260B 8260B

1,4-dioxane 8260B 8260B

1-chlorohexane 8260B 8260B

sec-butanol 8015C 8260B 8015C 8260B

2-chloro-1,3-butadiene 8260B 8260B

2-methylnaphthalene 8260B 8260B

2-nitropropane 8260B 8260B

allyl chloride 8260B 8260B

cyclohexane 8260B 8260B

ETBE 8260B 8260B

ethyl acetate 8260B 8260B

ethyl ether 8260B 8260B

ethyl methacrylate 8260B 8260B

hexachloroethane 8260B 8260B

hexane 8260B 8260B

iodomethane 8260B 8260B

isobutanol 8015C 8260B 8015C 8260B

isopropanol 8015C 8260B 8015C 8260B

isopropyl ether 8260B 8260B

methacrylonitrile 8260B 8260B

methyl acetate 8260B 8260B

methyl methacrylate 8260B 8260B

methylcyclohexane 8260B 8260B

n-butanol 8015C 8260B 8015C 8260B

n-butyl acetate 8260B 8260B

n-propanol 8015C 8260B 8015C 8260B

propionitrile 8260B 8260B

t-butanol 8015C 8260B 8015C 8260B

tetrahydrofuran 8260B 8260B

trans-1,4,dichloro-2-butene 8260B 8260B

trichlorotrifluoromethane 8260B 8260B

SVOCs - Base/Neutrals/Acids 8270C 8270C

1,1'-Biphenyl 8270C 8270C

1,2-Bis(2-chloroethoxy)ethane 8270C 8270C

1,2-Diphenylhydrazine 8270C 8270C

1,3 Dinitrobenzene 8270C 8270C

1,4-Naphthoquinone 8270C 8270C

1,4-Phenylenediamine 8270C 8270C

1-Methylnaphthalene 8270C 8270C

1-Naphthylamine 8270C 8270C

1-Nitrosopyrrolidine 8270C 8270C

2-Acetylaminofluorene 8270C 8270C

2-Chloroaniline 8270C 8270C

2-Naphthylamine 8270C 8270C

2-Picoline 8270C 8270C

3,3'-Dimethylbenzidine 8270C 8270C
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Code Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI
TriMatrix Laboratoires, Inc.

Matrix

Aqueous

3-Methylchloanthrene 8270C 8270C

4,6-Dinitro-2-methylphenol 8270C 8270C

4-Aminobiphenyl 8270C 8270C

5-Nitro-o-toluidine 8270C 8270C

7,12-Dimethylbenz(a)anthracene 8270C 8270C

a,a-Dimethylphenethylamine 8270C 8270C

Acetophenone 8270C 8270C

Aramite 8270C 8270C

Atrazine 8270C 8270C

Benzaldehyde 8270C 8270C

Benzo(b)fluoroanthene 8270C 8270C

Bis(2-ethylhexyl) adipate 8270C 8270C

Caprolactam 8270C 8270C

Chlorobenzilate 8270C 8270C

Diallate 8270C 8270C

Dicyclohexyl Phthalate 8270C 8270C

Dimethoate 8270C 8270C

Disulfoton 8270C 8270C

Ethyl Methacrylate 8270C 8270C

Ethyl Methansulfonate 8270C 8270C

Famphur 8270C 8270C

Hexachloropropene 8270C 8270C

Isodrin 8270C 8270C

Isosafrole 8270C 8270C

Kepone 8270C 8270C

Methapyrilene 8270C 8270C

Methyl Methacrylate 8270C 8270C

Methyl Methanesulfonate 8270C 8270C

Methylparathion 8270C 8270C

N-Nitroso-di-n-butylamine 8270C 8270C

N-Nitrosomethylethylamine 8270C 8270C

N-Nitrosomorpholine 8270C 8270C

N-Nitrosopiperidine 8270C 8270C

o,o,o-Triethylphosphorothioate 8270C 8270C

Parathion 8270C 8270C

p-Dimethylaminoazobenzene 8270C 8270C

Penacetin 8270C 8270C

Pentachloroethane 8270C 8270C

Pentachloronitrobenzene 8270C 8270C

Phorate 8270C 8270C

Pronamide 8270C 8270C

Safrole 8270C 8270C

Sulfotepp 8270C 8270C

Thionazin 8270C 8270C

1,3,5-Trinitrobenzene 8270C 8270C

Carbonyls
Formaldehyde 8315A 8315A

Acetaldehyde 8315A 8315A

Propanal 8315A 8315A

Crotonaldehyde 8315A 8315A

Butanal 8315A 8315A

Pentanal 8315A 8315A

Cyclohexanone 8315A 8315A

m-Tolualdehyde 8315A 8315A

Hexanal 8315A 8315A

Heptanal 8315A 8315A

Octanal 8315A 8315A

Nonanal 8315A 8315A

Decanal 8315A 8315A



APPENDIX C

FIELD STANDARD OPERATING PROCEDURES
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to specify a consistent sample nomenclature 
system that will facilitate subsequent data management in a cost-effective manner.  The sample 
nomenclature system has been devised such that the following objectives can be attained: 
 

• Sorting of data by matrix 

• Sorting of data by depth 

• Maintenance of consistency (field, laboratory, and database sample numbers) 

• Accommodation of all project-specific requirements 

• Accommodation of laboratory sample number length constraints (maximum of 20 characters) 
 

2.0 SCOPE 

The methods described in this SOP shall be used consistently for all projects requiring electronic data.  
Other contract- or project-specific sample nomenclature requirements may also be applicable.  
 

3.0 GLOSSARY 

None. 
 

4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Program Manager - It shall be the responsibility of the Project Manager (or designee) to inform contract-
specific Project Managers (PMs) of the existence and requirements of this SOP. 
 
Project Manager - It shall be the responsibility of the PM to determine the applicability of this SOP based 
on: (1) program-specific requirements and (2) project size and objectives.  It shall be the responsibility of 
the PM (or designee) to ensure that sample nomenclature requirements are thoroughly specified in the 
relevant project planning document (e.g., sampling and analysis plan) and are consistent with this SOP if 
relevant.  It shall be the responsibility of the PM to ensure that the FOL is familiar with the sample 
nomenclature system. 
 
Field Operations Leader (FOL) - It shall be the responsibility of the FOL to ensure that all field 
technicians or sampling personnel are thoroughly familiar with this SOP and the project-specific sample 
nomenclature system.  It shall be the responsibility of the FOL to ensure that the sample nomenclature 
system is used during all project-specific sampling efforts. 
 
General personnel qualifications for sample nomenclature activities in the field include the following: 
 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

 

• Familiarity with appropriate procedures for field documentation, handling, packaging, and shipping.  
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5.0 PROCEDURES 

5.1 INTRODUCTION 

The sample identification (ID) system can consist of as few as eight but not more than 20 distinct alpha-
numeric characters.  The sample ID will be provided to the laboratory on the sample labels and chain-of-
custody forms.  The basic sample ID provided to the laboratory has three segments and shall be as 
follows, where "A" indicates "alpha," and "N" indicates "numeric": 
 
 

A or N 
3 or 4 Characters 

AAA 
2 or 3 Characters 

A or N 
3 to 6 Characters 

Site Identifier Sample Type  Sample Location 

 
Additional segments may be added as needed.  For example: 
 
(1) Soil and sediment sample ID 
 

A or N 

3 or 4 Characters 

AAA 

2 or 3 Characters 

A or N 

3 to 6 Characters 

NNNN 

4 Characters 

Site identifier Sample type Sample location Sample depth 

 
(2) Aqueous (groundwater or surface water) sample ID 
 

A or N 

3 or 4 Characters 

AAA 

2 or 3 Characters 

A or N 

3 to 6 Characters 

NN 

2 Characters 

-A 

1 Character 

Site identifier Sample type Sample location Round number Filtered sample only 

 
(3) Biota sample ID 
 

A or N 
3 or 4 Characters 

AAA 
2 or 3 Characters 

A or N 
3 to 6 Characters 

AA 
2 Characters 

NNN 
3 Characters 

Site identifier Sample type Sample location Species 
identifier 

Sample group 
number 

 

5.2 SAMPLE IDENTIFICATION FIELD REQUIREMENTS 

The various fields in the sample ID include but are not limited to the following: 
 

• Site identifier 

• Sample type 

• Sample location 

• Sample depth  

• Sampling round number 

• Filtered 

• Species identifier 

• Sample group number 
 
The site identifier must be a three- or four-character field (numeric characters, alpha characters, or a 
mixture of alpha and numeric characters may be used).  A site number is necessary because many 
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facilities/sites have multiple individual sites, Solid Waste Management Units (SWMUs), Operable Units 
(OUs), etc.  Several examples are presented in Section 5.3 of this SOP. 
 
The sample type must be a two- or three-character alpha field.  Suggested codes are provided in 
Section 5.3 of this SOP. 
 
The sample location must be at least a three-character field but may have up to six characters (alpha, 
numeric, or a mixture).  The six characters may be useful in identifying a monitoring well to be sampled or 
describing a grid location. 
 
The sample depth field is used to note the depth below ground surface (bgs) at which a soil or sediment 
sample is collected.  The first two numbers of the four-number code specify the top interval, and the third 
and fourth specify the bottom interval in feet bgs of the sample.  If the sample depth is equal to or greater 
than 100, then only the top interval would be represented and the sampling depth would be truncated to 
three characters.  The depths will be noted in whole numbers only; further detail, if needed, will be 
recorded on the sample log sheet or boring log, in the logbook, etc. 
 
A two-digit round number will be used to track the number of aqueous samples collected from a particular 
aqueous sample location.  The first sample collected from a location will be assigned the round identifier 
01, the second 02, etc.  This applies to both existing and proposed monitoring wells and surface water 
locations. 
 
Aqueous samples that are field filtered (dissolved analysis) will be identified with an "-F" in the last field 
segment.  No entry in this segment signifies an unfiltered (total) sample. 
 
The species identifier must be a two-character alpha field.  Several suggested codes are provided in 
Section 5.3 of this SOP. 
 
The three-digit sample group number will be used to track the number of biota sample groups (a particular 
group size may be determined by sample technique, media type, the number of individual caught, weight 
issues, time, etc.) by species and location.  The first sample group of a particular species collected from a 
given location will be assigned the sample group number 001, and the second sample group of the same 
species collected from the same location will be assigned the sample group number 002. 
 

5.3 EXAMPLE SAMPLE FIELD DESIGNATIONS 

Examples of each of the fields are as follows: 
 
Site identifier - Examples of site numbers/designations are as follows: 
 
 A01 - Area of Concern (AOC) 1 
 125 - SWMU 125 
 000 - Base- or facility-wide sample (e.g., upgradient well) 
 BBG - Base background 
 
The examples cited are only suggestions.  Each PM (or designee) must designate appropriate (and 
consistent) site designations for their individual project. 
 
Sample type - Examples of sample types are as follows: 
 
 AH - Ash Sample 
 AS - Air Sample 
 BM - Building Material Sample 
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 BSB - Biota Sample Full Body 
 BSF - Biota Sample Fillet 
 CP - Composite Sample 
 CS - Chip Sample 
 DS - Drum Sample 
 DU - Dust Sample 
 FP - Free Product 
 IDW - Investigation-Derived Waste Sample 
 LT - Leachate Sample 
 MW - Monitoring Well Groundwater Sample 
 OF - Outfall Sample 
 RW - Residential Well Sample 
 SB - Soil Boring Sample 
 SD - Sediment Sample 
 SC - Scrape Sample 
 SG - Soil Gas Sample 
 SL - Sludge Sample 
 SP - Seep Sample 
 SS - Surface Soil Sample 
 ST  - Storm Sewer Water Sample 
 SW - Surface Water Sample 
 TP - Test Pit Sample 
 TW - Temporary Well Sample 
 WC - Well Construction Material Sample 
 WP - Wipe Sample 
 WS - Waste/Solid Sample 
 WW - Wastewater Sample 
 
Sample location - Examples of the location field are as follows: 
 
 001  - Monitoring well 1 
 N32E92 - Grid location 32 North and 92 East 
 D096  - Investigation-derived waste drum number 96 
 
Species identifier - Examples of species identifier are as follows: 
 
 BC  - Blue Crab 
 GB  - Blue Gill 
 CO  - Corn 
 SB  - Soybean 
 

5.4 EXAMPLES OF SAMPLE NOMENCLATURE 

The first round monitoring well groundwater sample collected from existing monitoring well 001 at SWMU 
16 for a filtered sample would be designated as 016MW00101-F. 
 
The second round monitoring well groundwater sample collected from existing monitoring well C20P2 at 
Site 23 for an unfiltered sample would be designated as 023MWC20P202. 
 
The second surface water sample collected from point 01 at SWMU 130 for an unfiltered sample would 
be designated as 130SW00102. 
 
A surface soil sample collected from grid location 32 North and 92 East at Site 32 at the 0- to 2-foot 
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interval would be designated as 032SSN32E920002. 
 
A subsurface soil sample from soil boring 03 at SWMU 32 at an interval of 4 to 5 feet bgs would be 
designated as 032SB0030405. 
 
A sediment sample collected at SWMU 19 from 0 to 6 inches at location 14 would be designated as 
019SD0140001.  The sample data sheet would reflect the precise depth at which this sample was 
collected. 
 
During biota sampling for full-body analysis, the first time a minnow trap was checked at grid location A25 
of SWMU 1415, three small blue gills were captured, collected, and designated with the sample ID of 
1415BSBA25BG001.  The second time blue gill were collected at the same location (grid location A25 at 
SWMU 1415), the sample ID would be 1415BSBA25BG002. 
 
Note: No dash (-) or spacing is used between the segments with the exception of the filtered segment.  
The "F" used for a filtered aqueous sample is preceded by a dash (-F). 
 

5.5 FIELD QA/QC SAMPLE NOMENCLATURE 

Field Quality Assurance (QA)/Quality Control (QC) samples are designated using a different coding 
system.  The QC code will consist of a three- to four-segment alpha-numeric code that identifies the 
sample QC type, the date the sample was collected, and the number of this type of QC sample collected 
on that date. 
 

AA NNNNNN NN -F 

QC type Date Sequence number 

(per day) 

Filtered 

(aqueous only, if needed) 

 
The QC types are identified as: 
 
TB = Trip Blank 
RB = Rinsate Blank (Equipment Blank) 
FD = Field Duplicate 
AB = Ambient Conditions Blank 
WB = Source Water Blank 
 
The sampling time recorded on the chain-of-custody form, labels, and tags for duplicate samples will be 
0000 so that the samples are "blind" to the laboratory.  Notes detailing the sample number, time, date, 
and type will be recorded on the routine sample log sheets and will document the location of the duplicate 
sample (sample log sheets are not provided to the laboratory).  Documentation for all other QC types (TB, 
RB, AB, and WB) will be recorded on the QC Sample Log Sheet (see SOP SA-6.3, Field Documentation). 
 

5.6 EXAMPLES OF FIELD QA/QC SAMPLE NOMENCLATURE 

The first duplicate of the day for a filtered groundwater sample collected on June 3, 2000, would be 
designated as FD06030001-F. 
 
The third duplicate of the day taken of a subsurface soil sample collected on November 17, 2003, would 
be designated as FD11170303. 
 
The first trip blank associated with samples collected on October 12, 2000, would be designated as 
TB10120001. 
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The only rinsate blank collected on November 17, 2001, would be designated as RB11170101. 
 

6.0 DEVIATIONS 

Any deviation from this SOP must be addressed in detail in the site-specific planning documents. 
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1.0 PURPOSE 

The purpose of this document is to specify a consistent procedure for the quality assurance review of 
electronic and hard copy databases.  This SOP outlines the requirements for establishment of a 
Database Record File, Quality Assurance review procedures, and documentation of the Quality 
Assurance Review Process. 
 
2.0 SCOPE 

The methods described in this Standard Operating Procedure (SOP) shall be used consistently for all 
projects managed by Tetra Tech. 
 
3.0 GLOSSARY 

Chain-of-Custody Form - A Chain-of-Custody Form is a printed form that accompanies a sample or a 
group of samples from the time of sample collection to the laboratory.  The Chain-of-Custody Form is 
retained with the samples during transfer of samples from one custodian to another.  The Chain-of-
Custody Form is a controlled document that becomes part of the permanent project file.  Chain-of-
Custody and field documentation requirements are addressed in SOP SA-6.1. 
 
Electronic Database - A database provided on a compact laser disk (CD).  Such electronic databases will 
generally be prepared using public domain software such as DBase, RBase, Oracle, Visual FoxPro, 
Microsoft Access, Paradox, etc. 
 
Hardcopy Database - A printed copy of a database prepared using the software discussed under the 
definition of an electronic database. 
 
Form I - A printed copy of the analytical results for each sample. 
 
Sample Tracking Summary - A printed record of sample information including the date the samples were 
collected, the number of samples collected, the sample matrix, the laboratory to which the samples were 
shipped, the associated analytical requirements for the samples, the date the analytical data were 
received from the laboratory, and the date that validation of the sample data was completed. 
 
4.0 RESPONSIBILITIES 

Database Records Custodian - It shall be the responsibility of the Database Records Custodian to 
update and file the Sample Tracking Summaries for all active projects on a weekly basis.  It shall be the 
responsibility of the Database Records Custodian to ensure that the most recent copies of the Sample 
Tracking Summaries are placed in the Database Records file.  It shall be the responsibility of the 
Database Records Custodian to ensure that a copy of all validation deliverables is provided to the Project 
Manager (for placement in the project file).  It shall be the responsibility of the Database Records 
Custodian to ensure that photocopies of all validation deliverables and historical data and reports (as 
applicable) are placed in the Database Records file. 
 
Data Validation Coordinator - It shall be the responsibility of the Data Validation Coordinator (or 
designee) to ensure that the Sample Tracking Summaries are maintained by the Database Records 
Custodian.  It shall be the responsibility of the Data Validation Coordinator (or designee) to ensure that 
photocopies of all data validation deliverables are placed in the applicable Database Records file by the 
Database Records Custodian. 
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Earth Sciences Department Manager - It shall be the responsibility of the Earth Sciences Department 
Manager (or equivalent) to ensure that all field personnel are familiar with the requirements of this 
Standard Operating Procedure (specifically Section 5.5). 
 
FOL - It shall be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or 
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of-
Custody Forms to the Database Records Custodian.  Other responsibilities of the FOL are described in 
Sections 5.4 and 5.5. 
 
Management Information Systems (MIS) Manager - It shall be the responsibility of the MIS Manager to 
ensure that copies of original electronic deliverables (CDs) are placed in both the project files and the 
Database Records File.  It shall be the responsibility of the MIS Manager (or designee) to verify the 
completeness of the database (presence of all samples) in both electronic and hardcopy form in the 
Database Records File.  It shall be the responsibility of the MIS Manager to ensure that Quality 
Assurance Reviews are completed and are attested to by Quality Assurance Reviewers.  It shall be the 
responsibility of the MIS Manager to ensure that records of the Quality Assurance review process are 
placed in the Database Records File.  It shall be the responsibility of the MIS Manager to ensure that both 
electronic and hardcopy forms of the final database are placed in both the project and the Database 
Record File.  It shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are 
entered in the database. 
 
Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the 
request of the Project Manager, specifically with respect to the generation of level of effort and schedule 
estimates.  To support the project planning effort, the MIS Manager shall provide a copy of the MIS 
Request From included as Attachment A to the project manager.  It shall be the responsibility of the MIS 
Manager to generate level of effort and budget estimates at the time database support is requested if a 
budget does not exist at the time of the request.  The MIS Request Form shall be provided to the Project 
Manager at the time of any such requests.  It shall be the responsibility of the MIS Manager to notify the 
Project Manager of any anticipated level of effort overruns or schedule noncompliances as soon as such 
problems arise along with full justification for any deviations from the budget estimates (provided they 
were generated by the MIS Manager).  It shall be the responsibility of the MIS Manager to document any 
changes to the scope of work dictated by the Project Manager, along with an estimate of the impact of the 
change on the level of effort and the schedule. 
 
Program/Department Managers - It shall be the responsibility of the Department and/or Program 
Managers (or designees) to inform their respective department's Project Managers of the existence and 
requirements of this SOP. 
 
Project Manager - It shall be the responsibility of each Project Manager to determine the applicability of 
this SOP based on: (1) program-specific requirements, and (2) project size and objectives.  It shall be the 
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the 
requirements regarding Chain-of-Custody Form provision to the Database Records Custodian.  It shall be 
the responsibility of the Project Manager (or designee) to determine which, if any, historical data are 
relevant and to ensure that such data (including all relevant information such as originating entity, sample 
locations, sampling dates, etc.) are provided to the Database Records Custodian for inclusion in the 
Database Records File.  It shall be the responsibility of the Project Manager to obtain project planning 
input regarding the level of effort and schedule from the MIS Manager.  It shall be the responsibility of the 
Project Manager to complete the database checklist (Attachment A) to support the level of effort and 
schedule estimate and to facilitate database preparation and subroutine execution. 
 
Risk Assessment Department Manager - It shall be the responsibility of the Risk Assessment 
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP 
as necessary, and to take corrective action if necessary.  Monitoring of the process shall be completed on 
a quarterly basis. 
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Quality Assurance Reviewers - It shall be the responsibility of the Quality Assurance Reviewers to verify 
the completeness of the sample results via review of the Chain-of-Custody Forms and Sample Tracking 
Summaries.  It shall be the responsibility of the Quality Assurance Reviewers to ensure the correctness of 
the database via direct comparison of the hardcopy printout of the database and the hardcopy summaries 
of the original analytical data (e.g., Form Is provided in data validation deliverables).  Correctness 
includes the presence of all relevant sample information (all sample information fields), agreement of the 
laboratory and database analytical results, and the presence of data validation qualifiers. 
 
Quality Manager - It shall be the responsibility of the Quality Manager to monitor compliance with this 
Standard Operating Procedure via routine audits. 
 
5.0 PROCEDURES 

5.1 Introduction 

Verification of the accuracy and completeness of an electronic database can only be accomplished via 
comparison of a hardcopy of the database with hardcopy of all relevant sample information.  The primary 
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to 
Quality Assurance Reviewers; 2) ensure that the Quality Assurance review is completed in a consistent 
and comprehensive manner, and; 3) ensure that documentation of the Quality Assurance review process 
is maintained in the project file.  
 
5.2 File Establishment 

A Database Record file shall be established for a specific project at the discretion of the Project Manager.  
Initiation of the filing procedure will commence upon receipt of the first set of Chain-of-Custody 
documents from a FOL or sampling technician.  The Database Record Custodian shall establish a 
project-specific file for placement in the Database Record File.  Each file in the Database Record File 
shall consist of standard components placed in the file as the project progresses.  Each file shall be 
clearly labeled with the project number, which shall be placed on the front of the file drawer and on each 
and every hanging file folder relevant to the project.  The following constitute the minimum components of 
a completed file: 
 

• Electronic Deliverables 

• Sample Tracking Forms 

• Chain-of-Custody Forms 

• Data Validation Letters 

• Quality Assurance Records 
 
5.3 Electronic Deliverables 

The format of electronic deliverables shall be specified in the laboratory procurement specification and 
shall be provided by the laboratory.  The integrity of all original electronic data deliverables shall be 
maintained.  This shall be accomplished via the generation of copies of each electronic deliverable 
provided by the laboratory.  The original electronic deliverable shall be provided to the project manager 
for inclusion in the project file.  A copy of the original electronic deliverable shall be placed in the 
Database Record File.  The second copy shall be maintained by the MIS Manager (or designee) to be 
used as a working copy.   
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5.4 Sample Tracking Forms 

Updated versions of the sample tracking form for each relevant project shall be maintained by the 
Database Record Custodian.  The Sample Tracking Forms shall be updated any time additional Chain-of-
Custody Forms are received from a FOL or sampling technician, or at any time that data are received 
from a laboratory, or at any time that validation of a given data package (sample delivery group) is 
completed.  The Data Validation Coordinator shall inform the Database Record Custodian of the receipt 
of any data packages from the laboratory and of completion of validation of a given data package to 
facilitate updating of the Sample Tracking Form.  The Database Record Custodian shall place a revised 
copy of the Sample Tracking Form in the Database Record File anytime it has been updated.  Copies of 
the updated Sample Tracking Form shall also be provided to the project manager to apprise the project 
manager of sample package receipt, completion of validation, etc. 
 
5.5 Chain-of-Custody Forms 

The Chain-of-Custody Forms for all sampling efforts will be used as the basis for (1) updating the Sample 
Tracking Form, and (2) confirming that all required samples and associated analyses have been 
completed.  It shall be the responsibility of the FOL (or sample technician) to provide a photocopy of all 
Chain-of-Custody Forms to the Database Record Custodian immediately upon completion of a sampling 
effort.  The Database Record Custodian shall then place the copies of the Chain-of-Custody Form(s) in 
the Database Record File.  Upon receipt of a sample data package from an analytical laboratory, the Data 
Validation Coordinator shall provide a copy of the laboratory Chain-of-Custody Form to the Database 
Record Custodian.  The Database Record Custodian shall use this copy to update the Sample Tracking 
Summary and shall place the copy of the laboratory-provided Chain-of-Custody Form in the Database 
Record File.  The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the 
previously filed field copy.  Upon receipt of all analytical data, two copies of the Chain-of-Custody will 
therefore be in the file.  Review of the Chain-of-Custody Forms will therefore be a simple mechanism to 
determine if all data have been received.  Chain-of-Custody is addressed in SOP SA-6.1. 
 
5.6 Data Validation Letters 

All data validation deliverables (or raw data summaries if validation is not conducted) shall be provided for 
inclusion in both the Database Record File and the project file.  If USEPA regional- or client-specific 
requirements are such that Form Is (or similar analytical results) need not be provided with the validation 
deliverable, copies of such results must be appended to the deliverable.  It is preferable, although not 
essential that the validation qualifiers be hand-written directly on the data summary forms.  The data 
validation deliverables (and attendant analytical summaries) will provide the basis for direct comparison of 
the database printout and the raw data and qualifiers.  
 
5.7 Historical Data 

At the direction of the Project Manager, historical data may also be included in a project-specific analytical 
database.  In the event that historical data are germane to the project, hardcopy of the historical data 
must be included in the Database Record File.  Historical data may be maintained in the form of final 
reports or as raw data.  The information contained in the historical data file must be sufficient to identify its 
origin, its collection date, the sample location, the matrix, and any and all other pertinent information.  All 
available analytical data, Chain-of-Custody Forms, boring logs, well construction logs, sample location 
maps, shall be photocopied by the Project Manager (or designee) and placed in one or more 3-ring 
binders.  All information shall be organized chronologically by matrix.  It shall be the responsibility of the 
Project Manager (or designee) to ensure that all inconsistencies between analytical data, Chain-of-
Custody Forms, boring logs, sample log sheets, and field logbooks are identified and corrected.  The 
Project Manager (or designee) shall decide which nomenclature is appropriate and edit, initial and date all 
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relevant forms.  Data entry may only be performed on information that has undergone the aforementioned 
editing process, thereby having a direct correlation between hardcopy information and what will become 
the electronic database. 
 
6.0 RECORDS 

Records regarding database preparation and quality assurance review include all those identified in the 
previous section.  Upon completion of the database task, records from the file will be forwarded to the 
Project Manager for inclusion in the project file, or will be placed in bankers boxes (or equivalent) for 
storage.  The final records for storage shall include the following minimum information on placards placed 
on both the top and end of the storage box: 
 
 Database Record File 
 PROJECT NUMBER: ____ 
 SITE NAME: _________ 
 DATE FILED: __/__/__ 
 SUMMARY OF CONTENTS ENCLOSED 
 BOX _ OF _ 
 
Project- or program-specific record keeping requirements shall take precedence over the record keeping 
requirements of this SOP. 



MIS REQUEST FORM 

Project Name: 
	

Request Date: 
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1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 
 
2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging.  
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology.  While experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 
 
3.0 GLOSSARY 

None. 
 
4.0 RESPONSIBILITIES 

Site Geologist.  Responsible for supervising all boring activities and assuring that each borehole is 
completely logged.  If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures.  A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. 
 
5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer.  To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the field classification system described in this SOP.  This identification is based on visual 
examination and manual tests. 
 
5.1 Materials Needed 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 
 

• Rock hammer 

• Knife 

• Camera 

• Dilute hydrochloric acid (HCl) 

• Ruler (marked in tenths and hundredths of feet) 

• Hand Lens 
 
5.2 Classification of Soils 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is 
needed.  Details on filling out the boring log are discussed in Section 5.5. 
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5.2.1 USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS).  This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies soil types on the basis of grain size and cohesiveness. 
 
Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types:  silt (M) and clay (C).  
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors.  Organic material (O) is a common component 
of soil but has no size range; it is recognized by its composition.  The careful study of the USCS will aid in 
developing the competence and consistency necessary for the classification of soils. 
 
Coarse-grained soils shall be divided into rock fragments, sand, or gravel.  The terms sand and gravel not 
only refer to the size of the soil particles but also to their depositional history.  To insure accuracy in 
description, the term rock fragments shall be used to indicate angular granular materials resulting from 
the breakup of rock.  The sharp edges typically observed indicate little or no transport from their source 
area, and therefore the term provides additional information in reconstructing the depositional 
environment of the soils encountered.  When the term "rock fragments" is used it shall be followed by a 

size designation such as "(1/4 inchΦ-1/2 inchΦ)" or "coarse-sand size" either immediately after the entry 
or in the remarks column.  The USCS classification would not be affected by this variation in terms. 
 
5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures.  A soil could therefore be referred to as "gray" or "light 
gray" or "blue-gray."  Since color can be utilized in correlating units between sampling locations, it is 
important for color descriptions to be consistent from one boring to another. 
 
Colors must be described while the sample is still moist.  Soil samples shall be broken or split vertically to 
describe colors.  Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 
 
The term "mottled" shall be used to indicate soils irregularly marked with spots of different colors.  
Mottling in soils usually indicates poor aeration and lack of good drainage. 
 
Soil Color Charts shall not be used unless specified by the project manager. 
 
5.2.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.  
Granular soils contain predominantly sands and gravels.  They are noncohesive (particles do not adhere 
well when compressed).  Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 
 
The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3.  Those designations are: 
 

Designation Standard Penetration 

Resistance 
(Blows per Foot) 

Very loose 0 to 4 
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Loose 5 to 10 

Medium dense 11 to 30 

Dense 31 to 50 

Very dense Over 50 

 
Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through 
30 inches.  The sampler is driven through an 18-inch sample interval, and the number of blows is 
recorded for each 6-inch increment.  The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of each sample interval.  It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists.  This shall be 
noted on the log and referenced to the sample number.  Granular soils are given the USCS classifications 
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 
 
The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 
 
Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1). 
 
The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb.  The pocket penetrometer and thumb determination methods are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler.  The 
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to 
determine the consistency.  Do not determine consistency by attempting to penetrate a rock fragment.  If 
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil.  
Consistency shall not be determined solely by blow counts.  One of the other methods shall be used in 
conjunction with it.  The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 
 
5.2.4 Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types.  The following terms are useful in the description of soil: 
 

Terms of Identifying Proportion of the 

Component 

Defining Range of 

Percentages by Weight 

Trace 0 - 10 percent 

Some 11 - 30 percent 

Adjective form of the soil type (e.g., "sandy") 31 - 50 percent 
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FIGURE 2 

 

CONSISTENCY FOR COHESIVE SOILS 

 

Consistency Standard 

Penetration 

Resistance 

(Blows per 
Foot) 

Unconfined 

Compressive 

Strength  

(Tons/Sq. Foot by 

pocket 
penetration) 

Field Identification 

Very soft 0 to 2 Less than 0.25 Easily penetrated several inches by fist 

Soft 2 to 4 0.25 to 0.50 Easily penetrated several inches by 
thumb 

Medium stiff 4 to 8 0.50 to 1.0 Can be penetrated several inches by 
thumb with moderate effort 

Stiff 8 to 15 1.0 to 2.0 Readily indented by thumb but 
penetrated only with great effort 

Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail 

Hard Over 30 More than 4.0 Indented with difficulty by thumbnail 
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Examples: 
 

• Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 

• Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 

• Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 

• Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 
 
5.2.5 Moisture 

Moisture content is estimated in the field according to four categories:  dry, moist, wet, and saturated.  In 
dry soil, there appears to be little or no water.  Saturated samples obviously have all the water they can 
hold.  Moist and wet classifications are somewhat subjective and often are determined by the individual's 
judgment.  A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a 
porous surface liberates water, i.e., dirties or muddies the surface.  Whatever method is adopted for 
describing moisture, it is important that the method used by an individual remains consistent throughout 
an entire drilling job. 
 
Laboratory tests for water content shall be performed if the natural water content is important. 
 
5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened.  The stratification or bedding 
thickness for soil and rock is depending on grain size and composition.  The classification to be used for 
stratification description is shown in Figure 3. 
 
5.2.7 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described.  Texture is described as the relative angularity of 
the particles:  rounded, subrounded, subangular, and angular.  Fabric shall be noted as to whether the 
particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat 
particles are parallel or there is some cementation).  The bedding or structure shall also be noted (e.g., 
stratified, lensed, nonstratified, heterogeneous varved). 
 
5.2.8 Summary of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site.  The 
hierarchy of classification is as follows: 
 

• Density and/or consistency 

• Color 

• Plasticity (Optional) 

• Soil types 

• Moisture content 

• Stratification 

• Texture, fabric, bedding 

• Other distinguishing features 
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FIGURE 3 

 

BEDDING THICKNESS CLASSIFICATION 

 

Thickness 
(metric) 

Thickness 

(Approximate 
English Equivalent) 

Classification 

> 1.0 meter > 3.3' Massive 

30 cm - 1 meter 1.0' - 3.3' Thick Bedded 

10 cm - 30 cm 4" - 1.0' Medium Bedded 

3 cm - 10 cm 1" - 4" Thin Bedded 

1 cm - 3 cm 2/5" - 1" Very Thin Bedded 

3 mm - 1 cm 1/8" - 2/5" Laminated 

1 mm - 3 mm 1/32" - 1/8" Thinly Laminated 

< 1 mm <1/32" Micro Laminated 

 

(Weir, 1973 and Ingram, 1954) 
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5.3 Classification of Rocks 

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic.  Sedimentary rocks 
are by far the predominant type exposed at the earth's surface.  The following basic names are applied to 
the types of rocks found in sedimentary sequences: 
 

• Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter. 
 

• Siltstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter.  Fractures 
irregularly.  Medium thick to thick bedded. 

 

• Claystone - Very fine-grained rock made up of clay and silt-size materials.  Fractures irregularly.  Very 
smooth to touch.  Generally has irregularly spaced pitting on surface of drilled cores. 

 

• Shale - A fissile very fine-grained rock.  Fractures along bedding planes. 
 

• Limestone - Rock made up predominantly of calcite (CaCO3).  Effervesces strongly upon the 
application of dilute hydrochloric acid. 

 

• Coal - Rock consisting mainly of organic remains. 
 

• Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record.  The local abundance of any of these rock types is dependent upon the depositional history of 
the area.  Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types 
found in lesser amounts. 

 
In classifying a sedimentary rock the following hierarchy shall be noted: 
 

• Rock type 

• Color 

• Bedding thickness 

• Hardness 

• Fracturing 

• Weathering 

• Other characteristics 
 
5.3.1 Rock Type 

As described above, there are numerous types of sedimentary rocks.  In most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used.  The modifier indicates that a significant portion of the rock type is composed of the 
modifier.  Other modifiers can include carbonaceous, calcareous, siliceous, etc. 
 
Grain size is the basis for the classification of clastic sedimentary rocks.  Figure 4 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks.  The individual boundaries are 
slightly different than the USCS subdivision for soil classification.  For field determination of grain sizes, a 
scale can be used for the coarse grained rocks.  For example, the division between siltstone and 
claystone may not be measurable in the field.  The boundary shall be determined by use of a hand lens.  
If the grains cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a 
siltstone.  If the grains are not distinguishable with a hand lens, the rock is a claystone. 
  



 Subject 
 
        BOREHOLE AND SAMPLE LOGGING 

Number 
 GH-1.5 

Page 
 12 of 20 

Revision 
 2 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

FIGURE 4 

 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

 

Particle Name Grain Size Diameter 

Cobbles > 64 mm 

Pebbles 4 - 64 mm 

Granules 2 - 4 mm 

Very Coarse Sand 1 - 2 mm 

Coarse Sand 0.5 - 1 mm 

Medium Sand 0.25 - 0.5 mm 

Fine Sand 0.125 - 0.25 mm 

Very Fine Sand 0.0625 - 0.125 mm 

Silt 0.0039 - 0.0625 mm 

 

After Wentworth, 1922 
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5.3.2 Color 

The color of a rock can be determined in a similar manner as for soil samples.  Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 
 
Rock color charts shall not be used unless specified by the Project Manager. 
 
5.3.3 Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 
 
5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of 
the rock.  A relative scale for sedimentary rock hardness is as follows: 
 

• Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail.  
Soft rock crushes or deforms under pressure of a pressed hammer.  This term is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

 

• Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges 
from single hammer blow. 

 

• Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from 
single hammer blow. 

 

• Hard - Requires several hammer blows to break and has sharp conchoidal breaks.  Cannot be 
scratched with screwdriver. 

 
Note the difference in usage here of the works "scratch" and "gouge."  A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the 
rock itself), while a gouge is much deeper. 
 
5.3.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing.  
After eliminating drilling breaks, the average spacing is calculated and the fracturing is described by the 
following terms: 
 

• Very broken (V. BR.) - Less than 2-inch spacing between fractures 

• Broken (BR.) - 2-inch to 1-foot spacing between fractures 

• Blocky (BL.) - 1- to 3-foot spacing between fractures 

• Massive (M.) - 3 to 10-foot spacing between fractures 
 
The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered.  The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 
 
Method of Calculating RQD 
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(After Deere, 1964) 
 

RQD % = r/l x 100 
 

r  = Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks.  Natural breaks include 
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling), 
friable zones, etc. 

 
l  = Total length of the coring run. 

 
5.3.6 Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles 
and is also useful in engineering designs.  The following terms can be applied to distinguish the degree of 
weathering: 
 

• Fresh - Rock shows little or no weathering effect.  Fractures or joints have little or no staining and 
rock has a bright appearance. 

 

• Slight - Rock has some staining which may penetrate several centimeters into the rock.  Clay filling of 
joints may occur.  Feldspar grains may show some alteration. 

 

• Moderate - Most of the rock, with exception of quartz grains, is stained.  Rock is weakened due to 
weathering and can be easily broken with hammer. 

 

• Severe - All rock including quartz grains is stained.  Some of the rock is weathered to the extent of 
becoming a soil.  Rock is very weak. 

 
5.3.7 Other Characteristics 

The following items shall be included in the rock description: 
 

• Description of contact between two rock units.  These can be sharp or gradational. 

• Stratification (parallel, cross stratified). 

• Description of any filled cavities or vugs. 

• Cementation (calcareous, siliceous, hematitic). 

• Description of any joints or open fractures. 

• Observation of the presence of fossils. 

• Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 
degree of weathering. 

 
All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation.  The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 
 
5.3.8 Additional Terms Used in the Description of Rock 

The following terms are used to further identify rocks: 
 

• Seam - Thin (12 inches or less), probably continuous layer. 
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• Some - Indicates significant (15 to 40 percent) amounts of the accessory material.  For example, rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some 
shale seams." 

 

• Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material.  For example, rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone -- few 
shale seams." 

 

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts.  For example, rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale." 

 

• Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

 
The preceding sections describe the classification of sedimentary rocks.  The following are some basic 
names that are applied to igneous rocks: 
 

• Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene. 
 

• Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase.  The fine-grained 
equivalent of a granite. 

 

• Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 
 

• Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and hornblende. 
 

• Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene.  Loosely 
used for any coarse-grained dark igneous rock. 

 
The following are some basic names that are applied to metamorphic rocks: 
 

• Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage.  Contains 
predominantly chlorite, mica, quartz, and sericite. 

 

• Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage 
surface. 

 

• Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous 
minerals which dominate its composition. 

 

• Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 
 

• Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of 
quartz sand with silica cement. 

 
5.4 Abbreviations 

Abbreviations may be used in the description of a rock or soil.  However, they shall be kept at a minimum.  
Following are some of the abbreviations that may be used: 
 

C - Coarse Lt - Light Yl - Yellow 



 Subject 
 
        BOREHOLE AND SAMPLE LOGGING 

Number 
 GH-1.5 

Page 
 16 of 20 

Revision 
 2 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

Med - Medium BR - Broken Or - Orange 

F - Fine BL - Blocky SS - Sandstone 

V - Very M - Massive Sh - Shale 

Sl - Slight Br - Brown LS - Limestone 

Occ - Occasional Bl - Black Fgr - Fine-grained 

Tr - Trace   

 
5.5 Boring Logs and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field.  
Information obtained from the preceding sections shall be used to complete the logs.  A sample boring log 
has been provided as Figure 5.  
 
The field geologist/engineer shall use this example as a guide in completing each boring log.  Each boring 
log shall be fully described by the geologist/engineer as the boring is being drilled.  Every sheet contains 
space for 25 feet of log.  Information regarding classification details is provided either on the back of the 
boring log or on a separate sheet, for field use. 
 
5.5.1 Soil Classification 

• Identify site name, boring number, job number, etc.  Elevations and water level data to be entered 
when surveyed data is available. 

 

• Enter sample number (from SPT) under appropriate column.  Enter depth sample was taken from 
(1 block = 1 foot).  Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the 
proportional location between the 13- and 14-foot marks.  Enter blow counts (Standard Penetration 
Resistance) diagonally (as shown).  Standard penetration resistance is covered in Section 5.2.3. 

 

• Determine sample recovery/sample length as shown.  Measure the total length of sample recovered 
from the split-spoon sampler, including material in the drive shoe.  Do not include cuttings or wash 
material that may be in the upper portion of the sample tube. 

 

• Indicate any change in lithology by drawing a line at the appropriate depth.  For example, if clayey silt 
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this 
increment.  This information is helpful in the construction of cross-sections.  As an alternative, 
symbols may be used to identify each change in lithology. 

 

• The density of granular soils is obtained by adding the number of blows for the last two increments.  
Refer to Density of Granular Soils Chart on back of log sheet.  For consistency of cohesive soils refer 
also to the back of log sheet - Consistency of Cohesive Soils.  Enter this information under the 
appropriate column.  Refer to Section 5.2.3. 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 
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• Enter color of the material in the appropriate column. 
 

• Describe material using the USCS.  Limit this column for sample description only.  The predominant 
material is described last.  If the primary soil is silt but has fines (clay) - use clayey silt.  Limit soil 
descriptors to the following: 

 
- Trace: 0 - 10 percent 
- Some: 11 - 30 percent 
- And/Or: 31 - 50 percent 

 

• Also indicate under Material Classification if the material is fill or natural soils.  Indicate roots, organic 
material, etc. 

 

• Enter USCS symbol - use chart on back of boring log as a guide.  If the soils fall into one of two basic 
groups, a borderline symbol may be used with the two symbols separated by a slash.  For example 
ML/CL or SM/SP. 

 

• The following information shall be entered under the "Remarks" column and shall include, but is not 
limited by, the following: 

 
- Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated.  

These terms are determined by the individual.   Whatever method is used to determine moisture, 
be consistent throughout the log. 

 
- Angularity -  describe angularity of coarse grained particles using the terms angular, subangular, 

subrounded, or rounded.  Refer to ASTM D 2488 or Earth Manual for criteria for these terms. 
 

- Particle shape - flat, elongated, or flat and elongated. 
 

- Maximum particle size or dimension. 
 

- Water level observations. 
 

- Reaction with HCl - none, weak, or strong. 
 

• Additional comments: 
 

- Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss 
or gain of water. 

 
- Indicate odor and Photoionization Detector (PID) or Flame Ionization Detector (FID) reading if 

applicable. 
 

- Indicate any change in lithology by drawing a line through the lithology change column and 
indicate the depth.  This will help when cross-sections are subsequently constructed. 

 
- At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any 

other useful information (i.e., borehole size, casing set, changes in drilling method). 
 

- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to indicate consistency of material from sample to sample, if 
the material is consistent.  Horizontal lines shall be drawn if there is a change in lithology, then 
vertical lines drawn to that point. 
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- Indicate screened interval of well, as needed, in the lithology column.  Show top and bottom of 

screen.  Other details of well construction are provided on the well construction forms. 
 
5.5.2 Rock Classification 

• Indicate depth at which coring began by drawing a line at the appropriate depth.  Indicate core run 
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet.  
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns. 

 

• Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1. 
 

• Rock hardness is entered under designated column using terms as described on the back of the log 
or as explained earlier in this section. 

 

• Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be 
scraped clean prior to describing color. 

 

• Enter rock type based on sedimentary, igneous or metamorphic.  For sedimentary rocks use terms as 
described in Section 5.3.  Again, be consistent in classification.  Use modifiers and additional terms 
as needed.  For igneous and metamorphic rock types use terms as described in Sections 5.3.8. 

 

• Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR, 
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log. 

 

• The following information shall be entered under the remarks column.  Items shall include but are not 
limited to the following: 

 
- Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as 

high, low), i.e., 70Ε angle from horizontal, high angle. 
- Indicate calcareous zones, description of any cavities or vugs. 
- Indicate any loss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

 

• Remarks at the bottom of Boring Log shall include: 
 

- Type and size of core obtained. 
- Depth casing was set. 
- Type of rig used. 

 

• As a final check the boring log shall include the following: 
 

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock 
material. 

 
- If applicable, indicate screened interval in the lithology column.  Show top and bottom of screen.  

Other details of well construction are provided on the well construction forms. 
 
5.5.3 Classification of Soil and Rock from Drill Cuttings 

The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained.  However, some drilling methods (air/mud rotary) may require classification and borehole 
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logging based on identifying drill cuttings removed from the borehole.  Such cuttings provide only general 
information on subsurface lithology.  Some procedures that shall be followed when logging cuttings are: 
 

• Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary drilling) to 
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future 
reference, and label the jar or bag (i.e. hole number, depth, date, etc.).  Cuttings shall be closely 
examined to determine general lithology. 

 

• Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 
 

• Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture 
locations or lithologic changes. 

 

• Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential 
fracture zones. 

 

• Record this and any other useful information onto the boring log as provided in Figure 1. 
 
This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process.  It is recommended that split-barrel and rock 
core sampling methods be used at selected boring locations during the field investigation to provide 
detailed information to supplement the less detailed data generated through borings drilled using air/mud 
rotary methods. 
 
5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewed.  Items to be reviewed include: 
 

• Checking for consistency of all logs. 

• Checking for conformance to the guideline. 

• Checking to see that all information is entered in their respective columns and spaces. 
 
6.0 REFERENCES 

Unified Soil Classification System (USCS). 
 
ASTM D2488, 1985. 
 
Earth Manual, U.S. Department of the Interior, 1974. 
 
7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 
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1.0 PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations.  Contact 
with underground or overhead utilities can have serious consequences including employee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users.  
 
The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface and overhead utility locating services.  
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees.  The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to present requirements and restrictions relevant to these types 
of activities.  This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 
 
2.0 SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities.  This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services.  This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement.  Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific 
project.  This SOP is not intended to provide a detailed description of methodology and instrument 
operation.  Specialized expertise during both planning and execution of several of the methods presented 
may also be required. 
 
3.0 GLOSSARY 

Electromagnetic Induction (EMI) Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 
 
Magnetometer – A device used for precise and sensitive measurements of magnetic fields.   
 
Magnetic Survey – A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects.   
 
Metal Detection – A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects.   
 
Vertical Gradiometer – A magnetometer equipped with two sensors that are vertically separated by a 
fixed distance.  It is best suited to map near surface features and is less susceptible to deep geologic 
features. 
 
Ground Penetrating Radar – Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter.  Some portion of the signal will be reflected 
from the subsurface material, which is then recorded with a receiver and electronically converted into a 
graphic picture. 
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4.0 RESPONSIBILITIES 

Project Manager (PM)/Task Order Manager (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 
 
Site Manager (SM)/Field Operations Leader (FOL) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPs or as otherwise directed by the approved 
project plan(s). 
 
Site Health & Safety Officer (SHSO) – Responsible to provide technical assistance and verify full 
compliance with this SOP.  The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PM/TOM. 
 
Health & Safety Manager (HSM) – Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 
 
Site Personnel – Responsible for performing their work activities in accordance with this SOP and the 
TtNUS Health and Safety Policy. 
 
5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services.  These procedures are 
addressed individually from a buried and overhead standpoint. 
 
5.1 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence and/or location is unknown or incorrectly known on 
client properties.  This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services.  In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 
 
Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PM/TOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 
 
1. A comprehensive review must be made of any available property maps, blue lines, or as-builts 

prior to site activities.  Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities.  
Information regarding utility locations shall be added to project maps upon completion of this 
exercise.  

 
2., A visual site inspection must be performed to compare the site plan information to actual field 

conditions.  Any findings must be documented and the site plan/maps revised.  The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities.  The site inspection should 
focus on locating surface indications of potential underground utilities.  Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions.  
Note the location of any emergency shut off switches.  Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PM/TOM.  

 
3. If the planned work is to be conducted on private property (e.g., military installations, 

manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel 
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements.  It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities.  

 
4. If the work location is on public property, the state agency that performs utility clearances must be 

notified (see Attachment 1).  State “one-call” services must be notified prior to commencing 
fieldwork per their requirements.  Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation.  Such services typically assign a "ticket" number to the 
particular site.  This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again.  The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame.  It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers.  Given this situation, “one call” systems may still be required to 
provide location services on military installations. 

 
5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 

accepted means.  The location of all utilities must be noted on a field sketch for future inclusion 
on project maps.  Utility locations are to be identified using the following industry-standard color 
code scheme, unless the property owner or utility locator service uses a different color code: 

 
 white excavation/subsurface investigation location 
 red electrical 
 yellow gas, oil, steam 
 orange telephone, communications 
 blue water, irrigation, slurry  
 green sewer, drain 

 
6. Where utility locations are not confirmed with a high degree of confidence through drawings, 

schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation.  In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools.  Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP.  Each 
method has advantages and disadvantages including complexity, applicability, and price.  It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

 
7. At each location where trenching or excavating will occur using a backhoe or other heavy 

equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass.  If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation.  

 
8. All utilities uncovered or undermined during excavation must be structurally supported to prevent 

potential damage.  Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM.  All repairs require that the line be 
locked-out/tagged-out prior to work.  
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5.2 Overhead Power Lines 

If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician.  If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 
 
The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 
 

Nominal Voltage Minimum Clearance 
0 -50 kV 10 feet, or one mast length; whichever is greater 

 
50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 

mast lengths; whichever is greater 
 
6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed.  The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 
 
6.1 Geophysical Methods 

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar.  
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and 
ground penetrating radar surveys can be found in one or more of the TtNUS SOPs included in the 
References (Section 8.0). 
 
Electromagnetic Induction 

Electromagnetic Induction (EMI) line locators operate either by locating a background signal or by 
locating a signal introduced into the utility line using a transmitter.  A utility line acts like a radio antenna, 
producing electrons, which can be picked up with a radiofrequency receiver.  Electrical current carrying 
conductors have a 60HZ signal associated with them.  This signal occurs in all power lines regardless of 
voltage.  Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which 
can be picked up with an EM receiver.  A typical example of this type of geophysical equipment is an EM-
61.    
 
EMI locators specifically designed for utility locating use a special signal that is either indirectly induced 
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp.  
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little 
chance of the resulting signals being interfered with.  A good example of this type of equipment is the 
Schonstedt® MAC-51B locator.  The MAC-51B performs inductively traced surveys, simple magnetic 
locating, and traced nonmetallic surveys.   
 
When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used.  
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the 
pipe. 
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Magnetics 

Magnetic locators operate by detecting the relative amounts of buried ferrous metal.  They are incapable 
of locating or identifying nonferrous utility lines but can be very useful for locating underground storage 
tanks (UST's), steel utility lines, and buried electrical lines.  A typical example of this type of equipment is 
the Schonstedt® GA-52Cx locator.  The GA-52Cx is capable of locating 4-inch steel pipe up to 8 feet 
deep. 
 
Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line.  A signal 
is then introduced to the snake that is then traced. 
 
Ground Penetrating Radar  

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the 
ground via a transmitter.  Some portion of the signal will be reflected from the subsurface material, which 
is then recorded with a receiver and electronically converted into a graphic picture.  In general, an object 
which is harder than the surrounding soil will reflect a stronger signal.  Utilities, tunnels, UST's, and 
footings will reflect a stronger signal than the surrounding soil.  Although this surface detection method 
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. 
gas, electrical vs. telephone); hence, verification may be necessary using other methods.  This method is 
somewhat limited when used in areas with clay soil types or with a high water table. 
 
6.2 Passive Detection Surveys  

Acoustic Surveys 

Acoustic location methods are generally most applicable to waterlines or gas lines.  A highly sensitive 
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds 
introduced into the water main using a transducer.  Acoustics may also be applicable to determine the 
location of plastic gas lines. 
 
Thermal Imaging  

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object. 
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or 
a monitor.  The operator does not look for an exact temperature; rather they look for heat anomalies 
(either elevated or suppressed temperatures) characteristic of a potential utility line.  
 
The thermal fingerprint of underground utilities results from differences in temperature between the 
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance.  In addition, 
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture 
content of underground utility trenches.  High-performance thermal imagery can detect temperature 
differences to hundredths of a degree. 
 
6.3 Intrusive Detection Surveys  

Vacuum Excavation  

Vacuum excavation is used to physically expose utility services.  The process involves removing the 
surface material over approximately a 1' x 1' area at the site location.  The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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debris.  This process ensures the integrity of the utility line during the excavation process, as no 
hammers, blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the 
risk of damage to utilities.  The process continues until the utility is uncovered. Vacuum excavation can be 
used at the proposed site location to excavate below the "utility window" which is usually 8 feet.  
 
Hand Excavation 

When the identification and location of underground utilities cannot be positively confirmed through 
document reviews and/or other methods, borings and excavations may be cleared via the use of non-
conductive hand tools.  This should always be done in conjunction with the use of detection equipment.  
This would be required for all locations where there is a potential to impact buried utilities.  The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site.  This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region.  Attachment 2 presents frost line depths for the regions of the 
contiguous United States.  At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs).  For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig 
auger or bit prior to drilling.  For soil gas surveys, the survey probe shall be placed as close as possible to 
the cleared hand excavation.  It is important to note that a post-hole digger must not be used in this type 
of hand excavation activity. 
 
Tile Probe Surveys 

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be 
used.  A tile probe is a “T”-handled rod of varying lengths that can be pushed into the soil to determine if 
any obstructions exist at that location.  Tile probes constructed of fiberglass or other nonconductive 
material are readily-available from numerous vendors.  Tile probes must be performed to the same depth 
requirements as previously specified.  As with other types of hand excavating activities, the use of a non-
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment. 
 
7.0 INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 
 
1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 

specified by the client or property owner. 
 

2. Notify the property owner and/or client that the locations are marked.  At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utility clearance.  

 
Note:  Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

 
3. Notify “One Call” service.  If possible, arrange for an appointment to show the One Call 

representative the surface locations or excavation boundaries in person.  This will provide a 
better location designation to the utilities they represent.  You should have additional drawings 
should you need to provide plot plans to the One Call service. 

 
4. Implement supplemental utility detection techniques as necessary and appropriate to conform 

utility locations or the absence thereof. 
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5. Complete Attachment 3, Utility Clearance Form.  This form should be completed for each 

excavation location.  In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form.  Upon completion, the Utility Clearance Form and 
revised/annotated utility location map becomes part of the project file. 

 
8.0 REFERENCES 

OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
Tt Utility Locating and Clearance Policy 
Tt SOP GH-3.1; Resistivity and Electromagnetic Induction 
Tt SOP GH-3.2; Magnetic and Metal Detection Surveys  
Tt SOP GH-3.4; Ground-penetrating Radar Surveys  
 



American Public Works Association 
2345 Grand Boulevard, Suite 500, Kansas City, MO 64108-2625 
Phone (816) 472-6100 • Fax (816) 472-1610 
Web vvww.apwa.net  • E-mail apwaigapwa.net  

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DIRECTORY 

Ala bama 
Alabama One-Call 
1-800-292-8525 

Alaska 
Locate Call Center of Alaska. Inc. 
1-800-478-3121 

Arizona 
Arizona Blue Stake 
1-800-782-5348 

Arkansas 
Arkansas One Call System, Inc 
1-800-482-8998 

California 
Underground Service Alen North 
1-800-227-2600 
Underground Service Alert of Southern 

California 
1-800-227-2600 

Colorado 
Utility Notification Center of Colorado 
1-800-922-1987 

Connecticut 
Call Before You Dig 
1-800-922-4455 

Delaware 
Miss Utility of Delmarva 
1-800-282-8555 

Florida 
Sunshine State 	 Florida,   One-Call of Inc 
1-800-432-4770 

Georgia 
Underground Protection Center, Inc. 
1-800-282-7411 

Hawaii 
Underground Service Alert North 
1-800-227-2600 

Idaho 
Dig Line Inc 
1-800-342-1585 
Kootenai County One-Call 
1-800-428-4950 
Shoshone - Benewah One-Call 
1-800-398-3285 

Illinois 
JULIE, Inc. 
1-800-892-0123 
Digger (Chicago Utility Alert Network) 
312-744-7000 

Indiana 
Indiana Underground Plant Protection 

Service 
1-800-382-5544 

Iowa 
Iowa One-Call 
1-800-292-8989 

Kansas 
Kansas One-Call System, Inc. 
1-800-344-7233 

Kentucky 
Kentucky Underground Protection Inc. 
1-800-752-6007 

Louisiana 
Louisiana One Call System, Inc. 
1-800-272-3320 

Maine 
Dig Safe System. Inc. 
1-888-344-7233 

Maryland 
Miss Utility 
1-800-257-7777 
Miss Utility of Delmarva 
1-800-282-8555 

Massachusetts 
Dig sate System, 
1-888.344-7233 

Michigan 
Miss Dig System, Inc. 
1-800-482-7171 

Minnesota 
Gopher State One Call 
1-800-252-1166 

Mississippi 
Mississippi One-Call System, Inc 
1-800-227-6477 

Missouri 
Missouri One-Call System, Inc. 
1-800-344-7483 

Montana 
Utilities Underground Protection Center 
1-800424-5555 
Montana One Call Center 
1-800-551-8344 

Nebraska 
Diggers Hotline of Nebraska 
1-800-331-5666 

Nevada 
Underground Service Alert North 
1-800-227-2600 

New Hampshire 
Dig Safe System, Inc. 
1-888-344-7233 

New Jersey 
New Jersey One Gall 
1-800-272-1000 

New Mexico 
New Mexico One Call System, Inc. 
1-800-321-2537 
Las Cruces- Dona Ana Blue Stakes 
1-888-528-0400 

New York 
Dig Safely New York 
1-800-962-7962 
New York City- Long Island One Call 

Center 
1-800-272-4480 

North Carolina 
The North Carolina One-Call Center, 

Inc. 
1-800-632-4949 

North Dakota 
North Dakota One-Call 
1-800-795-0555 

Ohio 
Ohio Utilities Protection Service 
1.800-362-2764 
Oil & Gas Producers Underground 

Protect'n Svc 
1-800-925-0988 

Oklahoma 
Call Okie 
1-800-522-6543 

Oregon 
Oregon Utility Notification Center/One 

Call Concepts 
1-800-332-2344 

Pennsylvania 
Pennsylvania One Call System, Inc, 
1-800-242-1770 

Rhode Island 
Dig Safe System, Inc. 
1-888-344-7233 

South Carolina 
Palmetto Utility Protection Service Inc 
1-888-721-7877 

South Dakota 
South Dakota One Call 
1-800-781-7474 

Tennessee 
Tennessee One-Call System Inc 
1-800-351-1111 
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ATTACHMENT 1 
LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES 

 

 



Texas 
Texas One Call System 
1-800-245-4545 
Texas Excavation Safety System, Inc. 
1-800-344-8377 
Lone Star Notification Center 
1-800-669-8344 

Utah 
Blue Stakes of Utah 
1-800-662-4111 

Vermont 
Dig Safe System, Inc. 
1-888-344-7233 

Virginia 
Miss Utility of Virginia 
1.800-552-7001 
Miss Utility (Northern Virginia) 
1-800-257-7777 

Washington 
Utilities Underground Location Center 
1-800-424-5555 
Northwest Utility Notification Center 
1-800-553-4344 
Inland Empire Utility Coordinating 

Council 
509-456-8000 

West Virginia 
Miss Utility of West Virginia. Inc. 
1-800-245-4848 

Wisconsin 
Diggers Hotline, Inc. 
1-800-242-8511 

Wyoming 
Wyoming One-Call System. Inc. 
1-800-348-1030 
Call before You Dig of Wyoming 
1-800-849-2476 

District of Columbia 
Miss Utility 
1-800-257-7777 

Alberta 
Alberta One-Call Corporation 
1-800-242-3447 

British Columbia 
BC One Cal 
1-800-474-6886 

Ontario 
Ontano One-Call System 
1-800-400-2255 

Quebec 
Info-Excavation 
1-800-663-9228 
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ATTACHMENT 1 (Continued) 
 

 



FROST PENETRATION 

Average Depth In Inches 

Courtesy U.S. Department Of Commerce 
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ATTACHMENT 2 
 

FROST LINE PENETRATION DEPTHS BY GEOGRAPHIC LOCATION 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client:       Project Name:        

Project No.:      Completed By:        

Location Name:      Work Date:       

Excavation Method/Overhead Equipment:         

1. Underground Utilities        Circle One 

 a)  Review of existing maps?      yes   no   N/A 

b) Interview local personnel?      yes   no   N/A 

c) Site visit and inspection?      yes   no   N/A 

 d) Excavation areas marked in the field?     yes   no   N/A 

 e) Utilities located in the field?      yes   no   N/A 

f) Located utilities marked/added to site maps?    yes   no   N/A 

g) Client contact notified       yes   no   N/A 
 Name     Telephone:       Date:     

 g) State One-Call agency called?      yes   no   N/A 
  Caller:        
  Ticket Number:         Date:     

 h) Geophysical survey performed?        yes   no   N/A 
Survey performed by:      

  Method:         Date:     

i) Hand excavation performed (with concurrent use of utility  yes   no   N/A 
 detection device)? 
 Completed by:       

  Total depth:  feet       Date:    

j) Trench/excavation probed?       yes   no   N/A 
Probing completed by:      

  Depth/frequency:        Date:     

2. Overhead Utilities        Present  Absent 

 a) Determination of nominal voltage     yes   no   N/A 
 b) Marked on site maps       yes   no   N/A 
 c) Necessary to lockout/insulate/re-route     yes   no   N/A 
 d) Document procedures used to lockout/insulate/re-route   yes   no   N/A 
 e) Minimum acceptable clearance (SOP Section 5.2):     

3. Notes:  
_____________________________________________________________________________ 
_____________________________________________________________________________ 
_____________________________________________________________________________ 

 Approval: 
            
 Site Manager/Field Operations Leader   Date 

c:  PM/Project File 
 Program File 



Mr. Joseph Caldwell 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
211 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7, 2003, we responded to your inquiry of September 18, 2002, regarding the 
use of hydro-vacuum equipment to locate underground utilities by excavation, After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition, a number of industry 
stakeholders, including the National Utility Contractors Association (NUCA), have provided new 
information regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry, 

Question: Section 1926.651 contains several requirements that relate to the safety of employees 
engaged in excavation work. Specifically, paragraphs (b)(2) and (b)(3) relate in part to the 
safety of the means used to locate underground utility installations that, if damaged during an 
uncovering operation, could pose serious hazards to employees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines, and further, would the use of hydro-vacuum excavation be acceptable under the 
standard? 

Answer 

Background 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651(Specific excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (b)(2) states: 

When utility companies or owners cannot respond to a request to locate underground utility 
installations within 24 hours * * * or cannot establish the exact location of these installations, the 
employer may proceed, provided the employer does so with caution, and provided detection 
equipment or other acceptable means to locate utility installations are used. (emphasis added). 

Paragraph (b)(3) provides: 
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ATTACHMENT 4 
OSHA LETTER OF INTERPRETATION 

 

 



When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceptable means. (emphasis 
added). 

Therefore, "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe and 
acceptable means." The preambles to both the proposed rule and the final rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15, 1987), noted that a 1972 version of this standard contained language that 
specified "careful probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equally 
effective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities 
have not been marked and detection equipment is not being used — "probing with hand-held 
tools." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31, 1989): 

OSHA received two comments * * and input from ACCSH IOSHA's Advisory Committee on 
Construction Safety and Health] * * on this provision. All commenters recommended dropping 
`such as probing with hand-held tools' from the proposed provision, because this could create a 
hazard to employees by damaging the installation or its insulation. 

In other words, the commenters objected to the use of hand tools being used unless detection 
equipment was used in conjunction with them. OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Non-conductive hand tools are permitted 

This raises the question of whether the standard permits the use of hand tools alone -- without 
also using detection equipment. NUCA and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non-
conductive or insulated probes were not discussed in the rulemaldng Since they were not 
considered at that time, they were not part of the class of equipment that was thought to be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand tools, when used with 
appropriate caution, is an "acceptable means" for locating underground utilities. 
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ATTACHMENT 4 (Continued) 
 

 



Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
"acceptable means" of locating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies 

We are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions, please feel free to contact us again by fax at: U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of Construction Standards and Compliance Assistance, fax # 
202-693-1689. You can also contact us by mail at the above office, Room N3468, 200 
Constitution Avenue, N.W., Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 

NOTE: OSHA requirements are set by statute, standards and regulations. Our interpretation 
letters explain these requirements and how they apply to particular circumstances, but they 
cannot create additional employer obligations. This letter constitutes OSHA=s interpretation 
of the requirements discussed. Note that our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
information. To keep apprised of such developments, you can consult OSHA's website at 
http://www.osha.gov. 
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1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures to be used to collect surface, near- 
surface, and subsurface soil samples.  Additionally, it describes the methods for sampling of test pits and 
trenches to determine subsurface soil and rock conditions and for recovery of small-volume or bulk 
samples from pits. 
 
2.0 SCOPE 

This document applies to the collection of surface, near-surface, and subsurface soil samples exposed 
through hand digging, hand augering, drilling, or machine excavating at hazardous substance sites for 
laboratory testing, onsite visual examination, and onsite testing. 
 
3.0 GLOSSARY 

Composite Sample - A composite sample is a combination of more than one grab sample from various 
locations and/or depths and times that is homogenized and treated as one sample.  This type of sample 
is usually collected when determination of an average waste concentration for a specific area is required.  
Composite samples shall not be collected for volatile organics analysis. 
 
Confined Space - As stipulated in 29 Code of Federal Regulations (CFR) 1910.146, a confined space 
means a space that: (1) is large enough and so configured that an employee can bodily enter and 
perform assigned work; (2) has limited or restricted means for entry or exit (e.g., tanks, vessels, silos, 
storage bins, hoppers, vaults, pits, and excavations); and (3) is not designed for continuous employee 
occupancy.  Tetra Tech considers all confined space as permit-required confined spaces. 
 
Grab Sample - One sample collected at one location and at one specific time. 
 
Hand Auger - A sampling device used to extract soil from the ground.  
 
Representativeness – A qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point.  It is therefore an important 
characteristic not only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction.  Proper sample location selection 
and proper sample collection methods are important to ensure that a truly representative sample has 
been collected.   
 
Sample for Non-Volatile Analyses - Includes all chemical parameters other than volatile organics (e.g., 
semivolatiles, pesticides/PCBs, metals, etc.) and those engineering parameters that do not require 
undisturbed soil for their analysis. 
 
Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded 
collars at either end of the tube.  Also called a split-spoon sampler, this device can be driven into resistant 
materials using a drive weight mounted in the drilling string.  A standard split-barrel sampler is typically 
available in two common lengths, providing either 20-inch or 26-inch longitudinal clearance for obtaining 
18-inch or 24-inch-long samples, respectively.  These split-barrel samplers commonly range in size from 
2 to 3.5 inches OD.  The larger sizes are commonly used when a larger volume of sample material is 
required (see Attachment B). 
 
Test Pit and Trench - Open, shallow excavations, typically rectangular (if a test pit) or longitudinal (if a 
trench), excavated to determine shallow subsurface conditions for engineering, geological, and soil 
chemistry exploration and/or sampling purposes.  These pits are excavated manually or by machine (e.g., 
backhoe, clamshell, trencher, excavator, or bulldozer). 
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Thin-Walled Tube Sampler - A thin-walled metal tube (also called a Shelby tube) used to recover 
relatively undisturbed soil samples.  These tubes are available in various sizes, ranging from 2 to 5 inches 
outside diameter (OD) and from 18 to 54 inches in length. 
 
4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, selecting 
proposed sampling locations, and selecting field procedures used in the collection of soil samples.  
Additionally, in consultation with other project personnel (geologist, hydrogeologist, etc.), the Project 
Manager establishes the need for test pits or trenches and determines their approximate locations and 
dimensions. 
 
Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan.  This will include (but not be limited 
to) performing air quality monitoring during sampling, boring, and excavation activities and to ensure that 
workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne contaminants. 
The SSO/designee may also be required to advise the FOL on other safety-related matters regarding 
boring, excavation, and sampling, such as mitigative measures to address potential hazards from 
unstable trench walls, puncturing of drums or other hazardous objects, etc.   
 
Field Operations Leader (FOL) - This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP).  This is accomplished through management 
of a field sampling team for the proper acquisition of samples.  He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures.  When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit.   The FOL is responsible for finalizing the locations for 
collection of surface, near-surface, and subsurface (hand and machine borings, test pits/trenches) soil 
samples.  He/she is ultimately responsible for the sampling and backfilling of boreholes, test pits, and 
trenches and for adherence to Occupational Safety and Health Administration (OSHA) regulations during 
these operations through self acquisition or through the management of a field team of samplers. 
 
Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP and/or other project-specific documents. In addition, this individual 
is responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, test pit logs, container labels, custody seals, and chain-of-custody forms) associated with the 
collection of those samples.   
 
Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - Excavations, 
means one who is capable of identifying existing and predictable hazards in the surroundings, or working 
conditions that are unsanitary, hazardous, or dangerous to employees, and who has authorization to take 
prompt corrective measures to eliminate them. 
 
General personnel qualifications for groundwater sample collection and onsite water quality testing 
include the following: 
 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

 

• Familiarity with appropriate procedures for sample documentation, handling, packaging, and shipping.  
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5.0  HEALTH AND SAFETY 

Health and safety precautions are identified for individual sample collection procedures throughout this 
SOP.  In addition to those precautions, the following general hazards may be incurred during sampling 
activities: 
 

• Knee injuries from kneeling on hard or uneven surfaces 
 

• Slips, trips, and falls 
 

• Cuts and lacerations 
 

• Traffic hazards associated with sampling in parking areas, along roadways and highways. 
 
Methods of avoiding these hazards are provided below. 
 
Knee injuries – If kneeling is required during soil sampling, this could result in knee injuries from  
stones/foreign objects and general damage due to stress on the joints.  To minimize this hazard: 
 

• Clear any foreign objects from the work area. 
 

• Wear hard-sided knee pads.  
 

• Stretch ligaments, tendons and muscles before, during and after. Take breaks as frequently as 
necessary. 

 

• Report pre-existing conditions to the SSO if you feel this activity will aggravate an existing condition. 
 
Slips, Trips, and Falls – These hazards exist while traversing varying terrains carrying equipment to 
sample locations.  To minimize these hazards: 
 

• Pre-survey sampling locations. Eliminate, barricade, or otherwise mark physical hazards leading to 
the locations. 

 

• Carry small loads that do not restrict the field of vision. 
 

• Travel the safest and clearest route (not necessarily the shortest). 
 
Cuts and Lacerations - To prevent cuts and lacerations associated with soil sampling, the following 
provisions are required: 
 

• Always cut away from yourself and others when cutting tubing or rope.  This will prevent injury to 
yourself and others if the knife slips. 

 

• Do not place items to be cut in your hand or on your knee. 
 

• Change blades as necessary to maintain a sharp cutting edge.  Many accidents result from struggling 
with dull cutting attachments. 

 

• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 
the hand not using the knife. 
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• Keep cutting surfaces clean and smooth.  
 

• Secure items to be cut – do not hold them against the opposing hand, a leg, or other body part. 
 

• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 
fall, you will be less likely to get cut by broken glass. 

 

• DO NOT throw broken sample jars or glass ampoules into garbage bags.  Place broken glass and 
glass ampoules in hard-sided containers such as a cardboard box or directly into a dumpster.  DO 
NOT reach into garbage bags to retrieve any item accidentally thrown away.  Empty the contents onto 
a flat surface to avoid punctures and lacerations from reaching where you cannot see.  

 
Vehicular and Foot Traffic Hazards – When sampling along the roadway or near traffic patterns, follow 
the following precautions: 
 

• Motorists may be distracted by onsite activities – ASSUME THEY DO NOT SEE YOU OR MEMBERS 
OF YOUR FIELD CREW. 

 

• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 
personnel to move into the flow of traffic to avoid your activities or equipment or that will create a blind 
spot.  

 

• Provide a required free space of travel. Maintain at least 6 feet of space between you and moving 
traffic.  Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes.   

 

• Face Traffic.  Whenever feasible, if you must move within the 6 feet of the required free space or into 
traffic, attempt to face moving traffic at all times.  Always leave yourself an escape route. 

 

• Wear high-visibility vests to increase visual recognition by motorists. 
 

• Do not rely on the vehicle operator’s visibility, judgment, or ability.  Make eye contact with the driver. 
Carefully and deliberately use hand signals so they will not startle or confuse motorists or be 
mistaken for a flagger’s direction before moving into traffic. 

 

• Your movements may startle a motorist and cause an accident, so move deliberately.  Do not make 
sudden movements that might confuse a motorist. 

 
6.0 PROCEDURES 

The following procedures address surface and subsurface sampling. 
 

CAUTION 
Each situation must be evaluated individually to determine the applicability and necessity 
for obtaining a utility clearance ticket/dig permit. Common sense dictates, prior to digging 

or boring with power equipment, no matter what the depth, or digging by hand in a 
manner that could damage unprotected underground utilities, that a dig permit is 

required.  See SOP HS-1.0, Utility Locating and Excavation Clearance, for additional 
clarification.  If you do not know or are unsure as to whether a ticket is necessary – Get 

the Ticket.  
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6.1 Overview 

Soil sampling is an important adjunct to groundwater monitoring.  Sampling of the soil horizons above the 
groundwater table can detect contaminants before they migrate to the water table, and can establish the 
amount of contamination absorbed or adsorbed on aquifer solids that have the potential of contributing to 
groundwater contamination. 
 
Soil types can vary considerably on a hazardous waste site.  These variations, along with vegetation, can 
affect the rate of contaminant migration through the soil.  It is important, therefore, that a detailed record 
be maintained during sampling operations, particularly noting sampling locations, depths, and such 
characteristics as grain size, color, and odor.  Subsurface conditions are often stable on a daily basis and 
may demonstrate only slight seasonal variation especially with respect to temperature, available oxygen 
and light penetration.  Changes in any of these conditions can radically alter the rate of chemical 
reactions or the associated microbiological community, thus further altering specific site conditions.  
Certain vegetation species can create degradation products that can alter contaminant concentrations in 
soil.  This is why vegetation types and extent of degradation of this foliage must be recorded.  To prevent 
degradation, samples must be kept at their at-depth temperature or lower, protected from direct light, 
sealed tightly in approved glass containers, and be analyzed as soon as possible after collection.  In 
addition, to the extent possible, vegetation should be removed from the sample. 
 
The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such factors as 
depth to bedrock and water table, will limit the depth from which samples can be collected and the 
method required to collect them.  It is the intent of this document to present the most commonly employed 
soil sampling methods used at hazardous waste sites. 
 
6.2 Soil Sample Collection 

6.2.1 Procedure for Preserving and Collecting Soil Samples for Volatile Organic Compound 
Analysis 

Samples collected using traditional methods such as collection in a jar with no preservation have been 
known to yield non-representative samples due to loss of volatile organic compounds (VOCs).  To 
prevent such losses, preservation of samples with methanol or sodium bisulfate may be used to minimize 
volatilization and biodegradation.  This preservation may be performed either in the field or laboratory, 
depending on the sampling methodology employed.  Because of the large number of sampling methods 
and associated equipment required, careful coordination between field and laboratory personnel is 
needed. 
 
Soil samples to be preserved by the laboratory are currently being collected using Method SW-846, 5035.  
For samples preserved in the field, laboratories are currently performing low-level analyses (sodium 
bisulfate preservation) and high- to medium-level analyses (methanol preservation) depending on the 
needs of the end user.   
 
The following procedures outline the necessary steps for collecting soil samples to be preserved at the 
laboratory, and for collecting soil samples to be preserved in the field with methanol or sodium bisulfate. 
 
6.2.1.1 Soil Samples to be Preserved at the Laboratory 

Soil samples collected for volatile organic analysis that are to be preserved at the laboratory shall be 
obtained using a hermetically sealed sample vial such as an EnCore™ sampler.  Each sample shall be 



 Subject 
 
 SOIL SAMPLING 

Number 
 SA-1.3 

Page 
 7 of 31 

Revision 
 9 

Effective Date 

 01/2012 

 

019611/P Tetra Tech, Inc. 

obtained using a reusable sampling handle (T-handle) that can be provided with the EnCore™ sampler 
when requested and purchased.  Collect the sample in the following manner for each EnCore™ sampler: 
 
1. Scene Safety - Evaluate the area where sampling will occur.  Ensure that the area is safe from 

physical, chemical, and natural hazards. Clear or barricade those hazards that have been identified. 
 
2. Wear the appropriate personal protective equipment (PPE).  This will include, at a minimum, safety 

glasses and nitrile surgeon’s gloves.  If you must kneel on the ground or place equipment on the 
surface being sampled, cover the ground surface with plastic to minimize surface contamination of 
your equipment and clothing. Wear knee pads to protect your knees from kneeling on hard or uneven 
surfaces. 

 
3. Load the Encore™ sampler into the T-handle with the plunger fully depressed. 
 
4. Expose the area to be sampled using a hand trowel or similar device to remove surface debris. 
 
5. Press the T-handle against the freshly exposed soil surface, forcing soil into the sampler.  The 

plunger will be forced upward as the cavity fills with soil. 
 
6. When the sampler is full, rotate the plunger and lock it into place.  If the plunger does not lock, the 

sampler is not full. This method ensures there is no headspace. Soft soil may require several plunges 
or forcing soil against a hard surface such as a sample trowel to ensure that headspace is eliminated.  

 
7. Use a paper towel to remove soil from the side of the sampler so a tight seal can be made between 

the sample cap and the rubber O-ring. 
 
8. With soil slightly piled above the rim of the sampler, force the cap on until the catches hook the side 

of the sampler.  
 
9. Remove any surface soil from the outside of the sampler and place in the foil bag provided with the 

sampler. Good work hygiene practices and diligent decontamination procedures prevents the spread 
of contamination even on the outside of the containers. 

 
10. Label the bag with appropriate information in accordance with SOP SA-6.3. 
 

11. Place the full sampler inside a lined cooler with ice and cool to 4˚C ± 2 ˚C.  Make sure any required 

trip blanks and temperature blanks are also in the cooler.   Secure custody of the cooler in 
accordance with SOP SA-6.3. 

 
12. Typically, collect three Encore™ samplers at each location.  Consult the SAP or laboratory to 

determine the required number of Encore™ samplers to be collected. 
 
13. The T-handle shall be decontaminated before moving to the next interval or location using a soap and 

water wash and rinse, and where applicable, the selected solvent as defined in the project planning 
documents. 

 
Using this type of sampling device eliminates the need for field preservation and the shipping restrictions 
associated with preservatives.   A complete set of instructions is included with each Encore™ sampler. 
 
After the Encore™samples are collected, they should be placed on ice immediately and delivered to the 
laboratory within 48 hours (following the chain-of-custody and documentation procedures outlined in 
SOP SA-6.1).  Samples must be preserved by the laboratory within 48 hours of sample collection. 
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6.2.1.2 Soil Samples to be Preserved in the Field 

Soil samples preserved in the field may be prepared for analyses using both the low-level (sodium 
bisulfate preservation) and high- to medium-level (methanol preservation) methods. 
 

Safety Reminder 
When using chemicals in the field to preserve samples, the FOL and/or SSO must ensure 
that Materials Safety Data Sheets (MSDSs) have been provided with the chemicals to be 

used.  They also must ensure that these chemicals have been added to the Chemical 
Inventory List contained within Section 5.0, Hazard Communication, of your Health and 
Safety Guidance Manual (HSGM).  Lastly, but most importantly, the FOL and/or SSO 

must review the hazards with personnel using these chemicals and ensure that 
provisions are available for recommended PPE and emergency measures (e.g., 

eyewash, etc.). 

 
Methanol Preservation (High to Medium Level): 

Bottles may be pre-spiked with methanol in the laboratory or prepared in the field.  Soil samples to be 
preserved in the field with methanol shall utilize 40 to 60 mL glass vials with septum-lined lids.  Each 
sample bottle shall be filled with 25 mL of demonstrated analyte-free purge-and-trap grade methanol.  
The preferred method for adding methanol to the sample bottle is by removing the lid and using a pipette 
or scaled syringe to add the methanol directly to the bottle. 
 

CAUTION 
NEVER attempt to pipette by mouth 

 
In situations where personnel are required to spike the septum using a hypodermic 
needle, the following provisions for handling sharps must be in place: 
 

-  Training of personnel regarding methods for handling of sharps 
-  Hard-sided containers for the disposal of sharps 
-  Provisions for treatment in cases where persons have received a puncture wound 

 
Soil shall be collected with the use of a decontaminated (or disposable), small-diameter coring device 
such as a disposable tube/plunger-type syringe with the tip cut off.  The outside diameter of the coring 
device must be smaller than the inside diameter of the sample bottle neck.   
 
A small electronic balance or manual scale will be necessary for measuring the volume of soil to be 
added to the methanol-preserved sample bottle.  Calibration of the scale shall be performed prior to use 
and intermittently throughout the day according to the manufacturer’s requirements. 
 
The sample should be collected as follows: 
 
1. Weigh the unused syringe and plunger to the nearest 0.01 gram. 
 
2. Pull the plunger back and insert the syringe into the soil to be sampled. 
 
3. Collect 8 to 12 grams of soil by pushing the syringe barrel into the soil. 
 
4. Weigh the sample and adjust until obtaining the required amount of sample. 
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5. Record the sample weight to the nearest 0.01 gram in the field logbook and/or on the sample log 
sheet. 

 
6. Extrude the weighed soil sample into the methanol-preserved sample bottle taking care not to contact 

the sample container with the syringe. 
 
7. If dirty, wipe soil particles from the threads of the bottle and cap.  Cap the bottle tightly. 
 
8. After capping the bottle, swirl the sample (do not shake) in the methanol and break up the soil such 

that all of the soil is covered with methanol. 
 
9. Place the sample on ice immediately and prepare for shipment to the laboratory as described in SOP 

SA-6.1. 
 
Sodium Bisulfate Preservation (Low Level): 

CAUTION 
Care should be taken when adding the soil to the sodium bisulfate solution.  A chemical 
reaction of soil containing carbonates (limestone) may cause the sample to effervesce or 
the vial to possibly explode. To avoid this hazard or hazards of this type, a small sample 
aliquot should be subjected to the sample preservative. If it effervesces in an open air 

environment, utilize an alternative method such as Encore™ or 2-ounce jar. 

 
Bottles may be prepared in the laboratory or in the field with sodium bisulfate solution.  Samples to be 
preserved in the field using the sodium bisulfate method are to be prepared and collected as follows: 
 
1. Add 1 gram of sodium bisulfate to 5 mL of laboratory-grade deionized water in a 40 to 60 mL glass 

vial with septum-lined lid.   
 
2. Collect the soil sample and record the sample weight to the nearest 0.01 gram in the field logbook or 

on the sample log sheet as described for methanol preservation 
 
3. Add the weighed sample to the sample vial. 
 
4. Collect duplicate samples using the methanol preservation method on a one-for-one sample basis 

because it is necessary for the laboratory to perform both low-level and medium-level analyses. 
 
5. Place the samples on ice immediately and prepare for shipment to the laboratory as described in 

SOP SA-6.1. 
 

NOTE 
If lower detection limits are necessary, an option to field preserving with sodium bisulfate 
may be to collect EnCore™ samplers at a given sample location.  Consult the planning 
documents to determine whether this is required.  If it is, collect samples in accordance 

with the Encore™ sampling procedure above and then send all samplers to the 
laboratory to perform the required preservation and analyses.    

 
6.2.2 Procedure for Collecting Soil Samples for Non-Volatile Analyses 

Samples collected for non-volatile analyses may be collected as either grab or composite samples as 
follows: 
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1. With a stainless steel trowel or other approved tool, transfer a portion of soil to be sampled to a 

stainless steel bowl or disposable inert plastic tray. 
 
2. Remove roots, vegetation, sticks, and stones larger than the size of a green pea. 
 
3. Thoroughly mix the soil in the bowl or tray to obtain as uniform a texture and color as practicable.  

The soil type, moisture content, amount of vegetation, and other factors may affect the amount of 
time required to obtain a properly mixed sample.  In some cases, it may be impossible to obtain a 
uniform sample appearance.  Use the field logbook to describe any significant difficulties encountered 
in obtaining a uniform mixture. 

 
4. Transfer the mixed soil to the appropriate sample containers and close the containers. 
 
5. Label the sample containers in accordance with SOP SA-6.3. 
 
6. Place the containers in a cooler of ice as soon after collection as possible. 
 
7. Prepare the sample shipment and ship the samples in accordance with SOP SA-6.1. 
 

NOTE 
Cooling may not be required for some samples depending on the scheduled analyses.  

Consult the planning documents if in doubt regarding correct sample preservation 

conditions. When in doubt – Cool to 4˚C. 

 

NOTE 
Head space is permitted in soil sample containers for non-volatile analyses to allow for 

sample expansion. 

 
6.2.3 Procedure for Collecting Undisturbed Soil Samples  

NOTE 
Use of thin-walled undisturbed tube samplers is restricted by the consistency of the soil to 
be sampled.  Often, very loose and/or wet samples cannot be retrieved by the samplers, 
and soil with a consistency in excess of very stiff cannot be penetrated by the sampler.  
Devices such as Dennison or Pitcher core samplers can be used to obtain undisturbed 

samples of stiff soil.  Using these devices normally increases sampling costs, and 
therefore their use should be weighed against the need for acquiring an undisturbed 

sample.  These devices are not discussed in this SOP because they are not commonly 
used. 

 
When it is necessary to acquire undisturbed samples of soil for purposes of engineering parameter 
analysis (e.g., permeability), a thin-walled, seamless tube sampler (Shelby tube) shall be employed using 
the following collection procedure: 

 
1. In preparation for sampling utilizing a drill rig, field personnel must complete the following activities: 
 

• Ensure that all subsurface drilling activities are preceded by a utility clearance for the area to be 
investigated.  This includes activities described in SOP HS-1.0, Utility Location and Excavation 
Clearance, as well as any location-specific procedures that may apply.   



	I 
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REMEMBER 
If you are digging near a marked utility (within the diameter of an underground utility that 

has been marked plus 18 inches), you must first locate the utility through vacuum 
extraction or hand digging to ensure that your activities will not damage the utility. 

 

• Complete an Equipment Inspection Checklist for the drill rig or direct-push technology (DPT) rig. 
This checklist will be provided in the HASP. 

 

• Review the Safe Work Permit prior to conducting the activity. 
 

• Review the activity to be conducted. 
 

2. Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location and 
drill and/or clean out the borehole to the desired sampling depth.  Be careful to minimize potential 
disturbance of the material to be sampled.  In saturated material, withdraw the drill bit slowly to 
prevent loosening of the soil around the borehole and to maintain the water level in the hole at or 
above groundwater level. 

 

CAUTION 
The use of bottom-discharge bits or jetting through an open-tube sampler to clean out the 

borehole shall not be allowed.  Only the use of side-discharge bits is permitted. 

 
3. Determine whether a stationary piston-type sampler is required to limit sample disturbance and aid in 

retaining the sample.  Either the hydraulically operated or control rod activated-type of stationary 
piston sampler may be used.  

 
4. Prior to inserting the tube sampler into the borehole, check to ensure that the sampler head contains 

a check valve.  The check valve is necessary to keep water in the rods from pushing the sample out 
the tube sampler during sample withdrawal. In addition, the check valve maintains a positive suction 
within the tube to help retain the sample. 

 
5. A stainless steel tube sampler is typically used to minimize chemical reaction between the sample 

and the sampling tube. 
 
6. With the sampling tube resting on the bottom of the hole and the water level in the boring at 

groundwater level or above, push the tube into the soil with a continuous and rapid motion, without 
impacting or twisting. If the soil is too hard to penetrate by pushing alone, careful hammering may be 
used by minimizing drop distance (tapping) of the hammer. Before pulling the tube, turn it at least one 
revolution to shear the sample off at the bottom.  In no case shall the tube be pushed farther than the 
length provided for the soil sample.  Allow about 3 inches in the tube for cuttings and sludge. 

 
7. Upon removal of the sampling tube from the hole, measure the length of sample in the tube and also 

the length penetrated. 
 
8. Remove disturbed material in the upper end of the tube and measure the length of sample again. 
 
9. After removing at least 1 inch of soil from the lower end, place enough packing material (clean inert 

material such as paper or cloth) tightly in each end of the Shelby tube and then pour melted wax into 
each end to make at least a ½-inch wax plug and then add more packing material to fill the voids at 
both ends. 
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10. Place plastic caps on the ends, tape the caps in place, and dip the ends in wax to prevent loss of soil. 
 
11. Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery 

length on the label. 
 
12. Mark the "up" direction on the side and upper end of the tube with indelible ink. 
 
13. Complete a chain-of-custody form (see SOP SA-6.3) and other required forms (including Attachment 

A of this SOP).  
 
14. Ship samples protected with suitable resilient packing material to reduce shock, vibration, and 

disturbance. 
 
 

CAUTION 
To preserve sample integrity do not allow tubes to freeze, and store the samples 

vertically with the same orientation they had in the ground, (i.e., top of sample is up) in a 
cool place out of the sun at all times. 

 

CAUTION 
A primary concern in the preparation of the wax plugs is the potential for the heat source 

and melted wax to cause a fire and/or burns.   Follow the directions below to prevent 
injury or fire. 

 
Electrical Heating 
 
Using hot plates to melt the wax is acceptable. In an outdoor setting, make sure a 
Ground Fault Circuit Interrupter (GFCI) is employed within the electrical circuit.  If a 
portable generator is used, ensure that the generator is an adequate distance from the 
sampling operation (at least 50 feet). Ensure that the extension cord is rated for the 
intended load and for outdoor use and is free from recognizable damage. Ensure 
flammable preservatives are not employed or stored near the hot plate.  Although a Hot 
Work Permit is not required, scene safety evaluation by site personnel of the above 
elements is.  As always, if a fire potential exists, the provisions for extinguishing must be 
immediately accessible as well as any provisions for first aid measures. 
 
Open Flame 
 
If an open flame is used, the following provisions are necessary: 
 
-   Complete a Hot Work Permit and any local permit required for elevated temperature         

applications. The Hot Work Permit, provided in your HASP, will aid the FOL and/or the 
SSO in ensuring that fire protection provisions (extinguishers, fire watches, etc.) are in 
place as well as ensuring that local requirements have been addressed.  

 
- Ensure that water is available to address any wax splashes or contact.  If possible, 

immerse the contacted area.  Where this is not possible, run water over the area and 
apply cold compresses.  The need for medical attention or first aid shall be determined 
on site under the direction of the SSO.  
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6.3 Surface Soil Sampling 

The simplest, most direct method of collecting surface soil samples for subsequent analysis is by use of a 
stainless steel shovel, hand auger, soil corer, or stainless steel or disposable plastic trowel.  
 

NOTE 
Multiple depth intervals are used to describe surface soil.  Sometimes surface soil is 
defined as soil from 0 to 2 inches below ground surface (bgs), and sometimes it is 

defined as soil from other depths such as 0 to 2 feet bgs.   Ensure that the definition of 
surface soil depth is clear before collecting surface soil samples.   

 
For the purposes of instruction, the terms “surface soil” and “near-surface soil” are used 
in this SOP as follows: 
 
- Surface soil - 0 to 6 inches bgs 
- Near-surface soil - 6 to 18 inches bgs 
 
If these intervals are defined differently in the planning documents, substitute the 
appropriate depth ranges. 

 
In general, the following equipment is necessary for obtaining surface soil samples: 
 

• Stainless steel or pre-cleaned disposable trowel. 
 

• Stainless steel hand auger, soil corer, or shovel. 
 

• Real-time air monitoring instrument (e.g., PID, FID) as directed in project planning document.  
 

• Required PPE. 
 

- Nitrile surgeon’s or latex gloves may be used, layered as necessary.  
 
- Safety glasses 

 
- Other – Items identified on the Safe Work Permit may be required based on location-specific 

requirements such as hearing protection, steel-toed work boots, and a hard hat when working 
near a drill rig.  These provisions will be listed in the HASP or directed by the FOL and/or SSO. 

 

Safety Reminder 
The use of latex products may elicit an allergic reaction in some people.  Should this 

occur, remove the latex gloves, treat for an allergic reaction, and seek medical attention 
as necessary. 

 

• Required paperwork (see SOP SA-6.3 and Attachment A of this SOP) 
 

• Required decontamination equipment 
 

• Required sample container(s) 
 

• Wooden stakes or pin flags 
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• Sealable polyethylene bags (e.g., Ziploc® baggies) 
 

• Heavy duty cooler 
 

• Ice 
 

• Chain-of-custody records and custody seals 
 
When acquiring surface soil samples, use the following procedure: 
 
1. Place padding or use knee pads when kneeling near the sample location.  If necessary, place plastic 

sheeting to provide a clean surface for sample equipment to avoid possible cross- contamination. 
 
2. Carefully remove vegetation, roots, twigs, litter, etc. to expose an adequate soil surface area to 

accommodate sample volume requirements. 
 
3. Using a precleaned syringe or EnCore

TM
 samplers, follow the procedure in Section 6.2.1 for collecting 

surface soil samples for volatile analysis.  Surface soil samples for volatile organic analysis should be 
collected deeper than 6 inches bgs because shallower material has usually lost most of the volatiles 
through evaporation.  Ensure that the appropriate surface soil depth is being analyzed in accordance 
with the planning document. 

 
4. Using decontaminated sampling tools, thoroughly mix in place a sufficient amount of soil to fill the 

remaining sample containers.  See Section 6.5 of this procedure for hand auger instruction, as 
needed. 

 
5. Transfer the sample into those containers utilizing a stainless steel trowel. 
 
6. Cap and securely tighten all sample containers.   
 
7. Affix a sample label to each container.  Be sure to fill out each label carefully and clearly, addressing 

all the categories described in SOP SA-6.3. 
 
8. Proceed with the handling and processing of each sample container as described in SOP SA-6.2. 
 
9. Site restoration – Whenever removing sample materials, always restore the surface.  It is our intent to 

leave the area better than we found it.  Do NOT create trip hazards in areas when pedestrian traffic 
may exist. 

 
6.4 Near-Surface Soil Sampling 

Collection of samples from near the surface (depth of 6 to 18 inches) can be accomplished with tools 
such as shovels, hand auger, soil corers, and stainless steel or pre-cleaned disposable trowels and the 
equipment listed under Section 6.5 of this procedure.    
 
To obtain near-surface soil samples, the following protocol shall be used: 
 
1. With a clean shovel, make a series of vertical cuts in the soil to the depth required to form a square 

approximately 1 foot by 1 foot. 
 
2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a decontaminated 

stainless steel or pre-cleaned disposable trowel to remove any loose soil. 
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3. Follow steps 1 through 9 of Section 6.3. 
 
6.5 Subsurface Soil Sampling With a Hand Auger 

A hand augering system generally consists of a variety of stainless steel bucket bits (approximately 6.5 
inches long and 2, 2.75, 3.25, and 4 inches in diameter), series of extension rods (available in 2-, 3-, 4- 
and 5-inch lengths), and a T-handle connected to extension rods and to the auger bucket.  A larger- 
diameter bucket bit is commonly used to bore a hole to the desired sampling depth and then it is 
withdrawn.  The larger-diameter bit is then replaced with a smaller-diameter bit, lowered down the hole, 
and slowly turned into the soil to the completion depth (approximately 6 inches).  The apparatus is then 
withdrawn and the soil sample collected. 
 
The hand auger can be used in a wide variety of soil conditions.  It can be used to sample soil either from 
the surface, or to depths in excess of 12 feet.  However, the presence of subsurface rocks and landfill 
material and collapse of the borehole normally limit sampling depth. 
 
To accomplish soil sampling using a hand augering system, the following equipment is required: 
 

• Complete hand auger assembly (variety of bucket bit sizes) 
 

• Stainless steel mixing bowls 
 

• The equipment listed in Section 6.3  
 

• Miscellaneous hand tools as required to assemble and disassemble the hand auger units 
 

CAUTION 
Potential hazards associated with hand augering include: 
 
- Muscle strain and sprain due to over twisting and/or over compromising yourself. 
 
- Equipment failure due to excessive stress on the T-handle or rods through twisting.  

Failure of any of these components will result in a sudden release and potential injury 
due to that failure. 

 
As in all situations, any intrusive activities that could damage underground utilities shall 
be proceeded by a Dig/Excavation permit/ticket.  Call the Utility Locating service in the 
area or your Project Health and Safety Officer for more information.  When in doubt – Get 
the Ticket! 

 
To obtain soil samples using a hand auger, use the following procedure: 
 
1. Wearing designated PPE, attach a properly decontaminated bucket bit to a clean extension rod and 

attach the T-handle to the extension rod. 
 
2. Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.).  
 
3. Twist the bucket into the ground while pushing vertically downward on the auger. The cutting shoes 

fill the bucket as it is advanced into the ground. 
 
4. As the auger bucket fills with soil, periodically remove any unneeded soil. 
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5. Add rod extensions as necessary to extend the reach of the auger.  Also, note (in a field notebook, 
boring log, and/or on a standardized data sheet) any changes in the color, texture or odor of the soil 
as a function of depth.  The project-specific planning document (SAP, HASP, etc.) describe 
requirements for scanning the soil with a real-time air monitoring instrument (e.g., PID, FID, etc.) and 
recording the measurements.  

 
6. After reaching the desired depth (e.g., the top of the interval to be sampled), slowly and carefully 

withdraw the apparatus from the borehole to prevent or minimize movement of soil from shallower 
intervals to the bottom of the hole. 

 
7. Remove the soiled bucket bit from the rod extension and replace it with another properly 

decontaminated bucket bit.  The bucket bit used for sampling is to be smaller in diameter than the 
bucket bit employed to initiate the borehole. 

 
8. Carefully lower the apparatus down the borehole.  Care must be taken to avoid scraping the borehole 

sides. 
 
9. Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches. 
 
10. Discard the top of the core (approximately 1 inch), which represents any loose material collected by 

the bucket bit before penetrating the sample material.  
 
11. Using a precleaned syringe or EnCore

TM
 samplers, follow the procedure in Section 6.2.1 for collecting 

a soil sample for volatile compound analysis directly from the bucket bit.   
12. Utilizing a properly decontaminated stainless steel trowel or dedicated disposable trowel, remove the 

remaining sample material from the bucket bit and place into a properly decontaminated stainless 
steel mixing bowl. 

 
13. Homogenize the sample material as thoroughly as practicable then fill the remaining sample 

containers.  Refer to Section 6.2.2. 
 
14. Follow steps 4 through 7 listed in Section 6.3. 
 
6.5.1 Sampling Using Stainless Steel Soil Corers 
 
A soil corer is a stainless steel tube equipped with a cutting shoe and sample window in the side. The soil 
corer is advanced into the soil by applying downward pressure (body weight). The soil is unloaded by 
then forcing a ram towards the cutting shoe, which results in the discharge of the soil core through a 
window in the sleeve. 
 
Use, application, and sample protocol is the same as for hand augering provided above, but without 
necessarily rotating the corer while advancing it. 
 

SAFETY REMINDER 
Hand augering and soil corer sampling can be physically demanding based on the type of 
geology and subsurface encumbrances encountered.  Soil coring has some added 
hazards such the corer collapsing under your weight.  To reduce the potential for muscle 
strain and damage, the following measures will be incorporated: 
 
- Stretch and limber your muscles before heavy exertion.  This hazard becomes more 

predominant in the early morning hours (prior to muscles becoming limber) and later 
in the day (as a result of fatigue). 
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- Job rotation – Share the duties so that repetitive actions do not result in fatigue and 
injury. 

 
- Increase break frequencies as needed, especially as ambient conditions of heat 

and/or cold stress may dictate. 
 
- Do not force the hand tools or use cheater pipes or similar devices to bypass an 

obstruction.  Move to another location near the sampling point.  Exerting additional 
forces on the sampling devices can result in damage and/or failure that could 
potentially injure someone in the immediate vicinity.  

 
- Do not over compromise yourself when applying force to the soil corer or hand auger. 

If there is a sudden release, it could result in a fall or muscle injury due to strain. 

 
6.6 Subsurface Soil Sampling with a Split-Barrel Sampler  

A split-barrel (split-spoon) sampler consists of a heavy carbon steel or stainless steel sampling tube that 
can be split into two equal halves to reveal the soil sample (see Attachment B).  A drive head is attached 
to the upper end of the tube and serves as a point of attachment for the drill rod.  A removable tapered 
nosepiece/drive shoe attaches to the lower end of the tube and facilitates cutting.  A basket-like sample 
retainer can be fitted to the lower end of the split tube to hold loose, dry soil samples in the tube when the 
sampler is removed from the drill hole.  This split-barrel sampler is made to be attached to a drill rod and 
forced into the ground by means of a 140-pound or larger casing driver. 
 

Safety Reminder 
It is intended through the Equipment Inspection for Drill Rigs form provided in the HASP 
that the hammer and hemp rope, where applicable, associated with this activity will be 
inspected (no physical damage is obvious), properly attached to the hammer (suitable 

knots or sufficient mechanical devices), and is in overall good condition. 

 
Split-barrel samplers are used to collect soil samples from a wide variety of soil types and from depths 
greater than those attainable with other soil sampling equipment.  
 
The following equipment is used for obtaining split-barrel samples: 
 

• Drilling equipment (provided by subcontractor). 
 

• Split-barrel samplers (2-inch OD, 1-3/8-inch ID, either 20 inches or 26 inches long);  Larger OD 
samplers are available if a larger volume of sample is needed. 

 

• Drive weight assembly, 140-pound weight, driving head, and guide permitting free fall of 30 inches. 
 

• Stainless steel mixing bowls. 
 

• Equipment listed in Section 6.3.  
 
The following steps shall be followed to obtain split-barrel samples (Steps 1 through 4 are typically 
performed by the drilling subcontractor): 
 
1. Attach the split-barrel sampler to the sampling rods. 
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2. Lower the sampler into the borehole inside the hollow stem auger bits.   
 
3. Advance the split-barrel sampler by hammering the length (typically 18 or 24 inches) of the split-barrel 

sampler into the soil using 140-pound or larger hammer.   
 
4. When the desired depth is achieved, extract the drill rods and sampler from the augers and/or 

borehole. 
 
5. Detach the sampler from the drill rods. 
 
6. Place the sampler securely in a vise so it can be opened using pipe wrenches. 
 

CAUTION 
Pipe wrenches are used to separate the split spoon into several components. The driller’s 
helper should not apply excessive force through the use of cheater pipes or push or pull 

in the direction where, if the wrench slips, hands or fingers will be trapped against an 
immovable object. 

 
7. Remove the drive head and nosepiece with the wrenches, and open the sampler to reveal the soil 

sample. 
 
8. Immediately scan the sample core with a real-time air monitoring instrument (e.g., FID, PID, etc.) (as 

project-specific planning documents dictate).  Carefully separate (or cut) the soil core, with a 
decontaminated stainless steel knife or trowel, at about 6-inch intervals while scanning the center of 
the core for elevated readings.  Also scan stained soil, soil lenses, and anomalies (if present), and 
record readings. 

 
9. If elevated vapor readings were observed, collect the sample scheduled for volatile analysis from the 

center of the core where elevated readings occurred.  If no elevated readings where encountered, the 
sample material should be collected from the core's center (this area represents the least disturbed 
area with minimal atmospheric contact) (refer to Section 6.2.1). 

 
10. Using the same trowel, remove remaining sample material from the split-barrel sampler (except for 

the small portion of disturbed soil usually found at the top of the core sample) and place the soil into a 
decontaminated stainless steel mixing bowl. 

 
11. Homogenize the sample material as thoroughly as practicable then fill the remaining sample 

containers (refer to Section 6.2.2). 
 
12. Follow steps 4 through 7 in Section 6.3. 
 
6.7 Subsurface Soil Sampling Using Direct-Push Technology 

Subsurface soil samples can be collected to depths of 40+ feet using DPT.  DPT equipment, 
responsibilities, and procedures are described in SOP SA-2.5. 
 
6.8 Excavation and Sampling of Test Pits and Trenches 

6.8.1 Applicability 

This subsection presents routine test pit or trench excavation techniques and specialized techniques that 
are applicable under certain conditions. 
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CAUTION 
During the excavation of trenches or pits at hazardous waste sites, several health and 

safety concerns arise from the method of excavation.  No personnel shall enter any test 
pit or excavation over 4 feet deep except as a last resort, and then only under direct 
supervision of a Competent Person (as defined in 29 CFR 1929.650 of Subpart P - 

Excavations).  Whenever possible, all required chemical and lithological samples should 
be collected using the excavator bucket or other remote sampling apparatus.  If entrance 
is required, all test pits or excavations must be stabilized by bracing the pit sides using 
specifically designed wooden, steel, or aluminum support structures or through sloping 
and benching.  Personnel entering the excavation may be exposed to toxic or explosive 
gases and oxygen-deficient environments; therefore, monitoring will be conducted by the 
Competent Person to determine if it is safe to enter.  Any entry into a trench greater than 

4 feet deep will constitute a Confined Space Entry and must be conducted in 
conformance with OSHA standard 29 CFR 1910.146.  In all cases involving entry, 
substantial air monitoring, before entry, appropriate respiratory gear and protective 

clothing determination, and rescue provisions are mandatory.  There must be at least 
three people present at the immediate site before entry by one of the field team 

members.  This minimum number of people will increase based on the potential hazards 
or complexity of the work to be performed. The reader shall refer to OSHA regulations 
29 CFR 1926.650, 29 CFR 1910.120, 29 CFR 1910.134, and 29 CFR 1910.146.  High-
hazard entries such as this will be supported by members of the Health Sciences Group 

professionally trained in these activities. 

 
Excavations are generally not practical where a depth of more than about 15 to 20-feet is desired, and 
they are usually limited to a few feet below the water table.  In some cases, a pumping system may be 
required to control water levels within the pit, providing that pumped water can be adequately stored or 
disposed.  If soil data at depths greater than 15-feet are required, the data are usually obtained through 
test borings instead of test pits.   
 
In addition, hazardous wastes may be brought to the surface by excavation equipment.  This material, 
whether removed from the site or returned to the subsurface, must be properly handled according to any 
and all applicable federal, state, and local regulations. 
 
6.8.2 Test Pit and Trench Excavation 

Test pits or trench excavations are constructed with the intent that they will provide an open view of 
subsurface lithology and/or disposal conditions that a boring will not provide. These procedures describe 
the methods for excavating and logging test pits and trenches installed to determine subsurface soil and 
rock conditions.  Test pit operations shall be logged and documented (see Attachment C). 
 
Test pits and trenches may be excavated by hand or power equipment to permit detailed descriptions of 
the nature and contamination of the in-situ materials.  The size of the excavation will depend primarily on 
the following: 
 

• The purpose and extent of the exploration 
 

• The space required for efficient excavation 
 

• The chemicals of concern 
 

• The economics and efficiency of available equipment 
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Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually 3 to 6 feet 
wide and may be extended for any length required to reveal conditions along a specific line.  The 
following table provides guidelines for design consideration based on equipment efficiencies. 
 

Equipment Typical Widths, in Feet 

Trenching machine 0.25 to 1.0 

Backhoe/Track Hoe 2 to 6 

 
The lateral limits of excavation of trenches and the position of test pits shall be carefully marked on area 
base maps.  If precise positioning is required to indicate the location of highly hazardous materials, 
nearby utilities, or dangerous conditions, the limits of the excavation shall be surveyed.  Also, if precise 
determination of the depth of buried materials is needed for design or environmental assessment 
purposes, the elevation of the ground surface at the test pit or trench location shall also be determined by 
survey.  If the test pit/trench will not be surveyed immediately, it shall be backfilled and its position 
identified with stakes placed in the ground at the margin of the excavation for later surveying.   
 
The construction of test pits and trenches shall be planned and designed in advance as much as 
possible.  However, the following field conditions may necessitate revisions to the initial plans: 
 

• Subsurface utilities 
 

• Surface and subsurface encumbrances 
 

• Vehicle and pedestrian traffic patterns 
 

• Purpose for excavation (e.g., the excavation of potential ordnance items) 
 
The final depth and construction method shall be collectively determined by the FOL and designated 
Competent Person.  The actual layout of each test pit, temporary staging area, and spoils pile may further 
be predicated based on site conditions and wind direction at the time the test pit is excavated.  Prior to 
excavation, the area may be surveyed by magnetometer or metal detector or other passive methods 
specified in SOP HS1.0, Utility Location and Excavation Clearance, to identify the presence of 
underground utilities or drums. Where possible, the excavator should be positioned upwind and 
preferably within an enclosed cab. 
 
No personnel shall enter any test pit or excavation except as a last resort, and then only under direct 
supervision of a Competent Person.  If entrance is required, OSHA requirements must be met (e.g., walls 
must be braced with wooden or steel braces, ladders must be placed for every 25 feet of lateral travel and 
extended 3 feet above ground surface).  A temporary guard rail or vehicle stop must be placed along the 
surface of the hole before entry in situations where the excavation may be approached by traffic. Spoils 
will be stockpiled no closer than 2 feet from the sidewall of the excavation. The excavation equipment 
operator shall be careful not to undercut sidewalls and will, where necessary, bench back to increase 
stability. The top cover, when considered clean, will be placed separately from the subsurface materials 
to permit clean cover.  It is emphasized that the project data needs should be structured such that 
required samples can be collected without requiring entrance into the excavation.  For example, samples 
of leachate, groundwater, or sidewall soil can be collected with telescoping poles or similar equipment. 
 
Dewatering and watering may be required to ensure the stability of the side walls, to prevent the bottom 
of the pit from heaving, and to keep the excavation stable.  This is an important consideration for 
excavations in cohesionless material below the groundwater table and for excavations left open greater 
than a day.  Liquids removed as a result of dewatering operations must be handled as potentially 
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contaminated materials.  Procedures for the collection and disposal of such materials should be 
discussed in the site-specific project plans. 
 
Where possible excavations and test pits shall be opened and closed within the same working day. 
Where this is not possible, the following engineering controls shall be put in place to control access: 
 

• Trench covers/street plates 
 

• Fences encompassing the entire excavation intended to control access 
 

• Warning signs warning personnel of the hazards 
 

• Amber flashing lights to demarcate boundaries of the excavation at night 
 
Excavations left open will have emergency means to exit should someone accidentally enter. 
 
6.8.3 Sampling in Test Pits and Trenches 

6.8.3.1 General 

Log test pits and trenches as they are excavated in accordance with the Test Pit Log presented in 
Attachment C.  These records include plan and profile sketches of the test pit/trench showing materials 
encountered, their depth and distribution in the pit/trench, and sample locations.  These records also 
include safety and sample screening information. 
 
Entry of test pits by personnel is extremely dangerous, shall be avoided unless absolutely necessary, and 
can occur only after all applicable health and safety and OSHA requirements have been met as stated 
above. These provisions will be reiterated as appropriate in the project-specific HASP.   
 
The final depth and type of samples obtained from each test pit will be determined at the time the test pit 
is excavated.  Sufficient samples are usually obtained and analyzed to quantify contaminant distribution 
as a function of depth for each test pit.  Additional samples of each waste phase and any fluids 
encountered in each test pit may also be collected. 
 
In some cases, samples of soil may be extracted from the test pit for reasons other than waste sampling 
and chemical analysis, for instance, to obtain geotechnical information.  Such information includes soil 
types, stratigraphy, strength, etc., and could therefore entail the collection of disturbed (grab or bulk) or 
relatively undisturbed (hand-carved or pushed/driven) samples that can be tested for geotechnical 
properties.  The purposes of such explorations are very similar to those of shallow exploratory or test 
borings, but often test pits offer a faster, more cost-effective method of sampling than installing borings. 
 
6.8.3.2 Sampling Equipment 

The following equipment is needed for obtaining samples for chemical or geotechnical analysis from test 
pits and trenches: 
 

• Backhoe or other excavating machinery. 
 

• Shovels, picks, hand augers, and stainless steel trowels/disposable trowels. 
 

• Sample container - bucket with locking lid for large samples; appropriate bottle ware for chemical or 
geotechnical analysis samples. 
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• Polyethylene bags for enclosing sample containers; buckets. 
 

• Remote sampler consisting of 10-foot sections of steel conduit (1-inch-diameter), hose clamps, and 
right angle adapter for conduit (see Attachment D). 

 
6.8.3.3 Sampling Methods 

The methods discussed in this section refer to test pit sampling from grade level.  If test pit entry is 
required, see Section 6.8.3.4. 
 

• Excavate the trench or pit in several 0.5- to 1.0-foot depth increments.  Where soil types support the 
use of a sand bar cutting plate, use of this device is recommended to avoid potentially snagging 
utilities with the excavator teeth.  It is recommended that soil probes or similar devices be employed 
where buried items or utilities may be encountered.  This permits the trench floor to be probed prior to 
the next cut.  

• After each increment: 
 

- the operator shall wait while the sampler inspects the test pit from grade level 
 

- the sampler shall probe the next interval where this is considered necessary.  Practical depth 
increments for lithological evaluations may range from 2 to 4 feet i or where lithological changes 
are noted. 

 

• The backhoe operator, who will have the best view of the test pit, shall immediately cease digging if: 
 
 - Any fluid phase, including groundwater seepage, is encountered in the test pit 
 
 - Any drums, other potential waste containers, obstructions, or utility lines are encountered 
 
 - Distinct changes of material being excavated are encountered 
 
This action is necessary to permit proper sampling of the test pit and to prevent a breach of safety 
protocol.  Depending on the conditions encountered, it may be required to excavate more slowly and 
carefully with the backhoe. 
 
For obtaining test pit samples from grade level, the following procedure shall be followed: 
 

• Use the backhoe to remove loose material from the excavation walls and floor to the greatest extent 
possible. 

 

• Secure the walls of the pit, if necessary.  (There is seldom any need to enter a pit or trench that would 
justify the expense of shoring the walls.  All observations and samples should be taken from the 
ground surface.) 

 

• Samples of the test pit material are to be obtained either directly from the backhoe bucket or from the 
material after it has been deposited on the ground, as follows: 

 
a. The sampler or FOL shall direct the backhoe operator to remove material from the selected depth 

or location within the test pit/trench. 
 
b. The backhoe operator shall bring the bucket over to a designated location on the sidewall a 

sufficient distance from the pit (at least 5 feet) to allow the sampler to work around the bucket. 
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c. After the bucket has been set on the ground, the backhoe operator shall either disengage the 

controls or shut the machine down. 
 

d. When signaled by the operator that it is safe to do, the sampler will approach the bucket.  
 

e. The soil shall be monitored with a photoionization or flame ionization detector (PID or FID) as 
directed in the project -specific planning documents. 

 
f. The sampler shall collect the sample from the center of the bucket or pile in accordance with 

surface soil sampling procedures of Section 6.3 or 6.4, as applicable.  Collecting samples from 
the center of a pile or bucket eliminates cross-contamination from the bucket or other depth 
intervals.   

 

• If a composite sample is desired, several depths or locations within the pit/trench will be selected, and 
the bucket will be filled from each area.  It is preferable to send individual sample bottles filled from 
each bucket to the laboratory for compositing under the more controlled laboratory conditions.  
However, if compositing in the field is required, each sample container shall be filled from materials 
that have been transferred into a mixing bucket and homogenized.  Note that 
homogenization/compositing is not applicable for samples to be subjected to volatile organic analysis. 

 

CAUTION 
Care must be exercised when using the remote sampler described in the next step 

because of potential instability of trench walls. In situations where someone must move 
closer than 2 feet to the excavation edge, a board or platform should be used to displace 

the sampler’s weight to minimize the chance of collapse of the excavation edge. Fall 
protection should also be employed when working near the edges or trenches greater 

than 6 feet deep.  An immediate means to extract people who have fallen into the trench 
will be immediately available.  These means may include ladders or rope anchor points. 

 

• Using the remote sampler shown in Attachment D, samples can be taken at the desired depth from 
the sidewall or bottom of the pit as follows: 

 
a. Scrape the face of the pit/trench using a long-handled shovel or hoe to remove the smeared zone 

that has contacted the backhoe bucket. 
 

b. Collect the sample directly into the sample jar, by scraping with the jar edge, eliminating the need 
for sample handling equipment and minimizing the likelihood of cross-contamination.  

 
c. Cap the sample jar, remove it from the remote sampler assembly, and package the sample for 

shipment in accordance with SOP SA-6.3.  
 

• Complete documentation as described in SOP SA-6.3 and Attachment C of this SOP. 
 
6.8.3.4 In-Pit Sampling 

Under rare conditions, personnel may be required to enter the test pit/trench.  This is necessary only 
when soil conditions preclude obtaining suitable samples from the backhoe bucket (e.g., excessive mixing 
of soil or wastes within the test pit/trench) or when samples from relatively small discrete zones within the 
test pit are required.  This approach may also be necessary to sample any seepage occurring at discrete 
levels or zones in the test pit that are not accessible with remote samplers. 
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In general, personnel shall sample and log pits and trenches from the ground surface, except as provided 
for by the following criteria: 
 

• There are no practical alternative means of obtaining such data. 
 

• The SSO and Competent Person determine that such action can be accomplished without breaching 
site safety protocol.  This determination will be based on actual monitoring of the pit/trench after it is 
dug (including, at a minimum, measurements of oxygen concentration, flammable gases, and toxic 
compounds, in that order).  Action levels will be provided in project-specific planning documents. 

 

• A company-designated Competent Person determines that the pit/trench is stable trough soil 
classification evaluation/inspections or is made stable (by cutting/grading the sidewalls or using 
shoring) prior to entrance of any personnel.  OSHA requirements shall be strictly observed.   

 
If these conditions are satisfied, only one person may enter the pit/trench.  On potentially hazardous 
waste sites, this individual shall be dressed in selected PPE as required by the conditions in the pit.  
He/she shall be affixed to a harness and lifeline and continuously monitored while in the pit. 
 
A second and possible third individual shall be fully dressed in protective clothing including a self-
contained breathing device and on standby during all pit entry operations to support self rescue or 
assisted self rescue.  The individual entering the pit shall remain therein for as brief a period as practical, 
commensurate with performance of his/her work.  After removing the smeared zone, samples shall be 
obtained with a decontaminated trowel or spoon.   
 
6.8.3.5 Geotechnical Sampling 

In addition to the equipment described in Section 6.8.3.2, the following equipment is needed for 
geotechnical sampling: 
 

• Soil sampling equipment, similar to that used in shallow drilled boring (i.e., thin-walled tube samplers), 
that can be pushed or driven into the floor of the test pit. 

 

• Suitable driving (e,g., sledge hammer) or pushing (e.g., backhoe bucket) equipment used to advance 
the sampler into the soil. 

 

• Knives, spatulas, and other suitable devices for trimming hand-carved samples. 
 

• Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safely 
transporting collected soil samples. 

 

• Geotechnical equipment (pocket penetrometer, torvane, etc.) for field testing collected soil samples 
for classification and strength properties. 

 
Disturbed grab or bulk geotechnical soil samples may be collected for most soil in the same manner as 
comparable soil samples for chemical analysis.  These collected samples may be stored in jars or plastic-
lined sacks (larger samples), which will preserve their moisture content.  Smaller samples of this type are 
usually tested for their index properties to aid in soil identification and classification: larger bulk samples 
are usually required to perform compaction tests. 
 
Relatively undisturbed samples are usually extracted in cohesive soil using thin-walled tube samplers, 
and such samples are then tested in a geotechnical laboratory for their strength, permeability, and/or 
compressibility.  The techniques for extracting and preserving such samples are similar to those used in 
performing Shelby tube sampling in borings, except that the sampler is advanced by hand or backhoe, 
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rather than by a drill rig.  Also, the sampler may be extracted from the test pit by excavation around the 
tube when it is difficult to pull it out of the ground.  If this excavation requires entry of the test pit, the 
requirements described in Section 6.8.3.4 shall be followed.  The thin-walled tube sampler shall be 
pushed or driven vertically into the floor or steps excavated in the test pit at the desired sampling 
elevations.  Extracting tube samples horizontally from the walls of the test pit is not appropriate because 
the sample will not have the correct orientation. 
 
A sledge hammer or backhoe may be used to drive or push the tube into the ground.  Place a piece of 
wood over the top of the sampler or sampling tube to prevent damage during driving/pushing of the 
sample.  Pushing the sampler with a constant thrust is always preferable to driving it with repeated blows, 
thus minimizing disturbance to the sample.  When using a sledge hammer, it is recommended that the 
sampler be stabilized using a rope/strap wrench or pipe wrench to remove the person’s hands holding the 
sampler from the strike zone.  If the sample cannot be extracted by rotating it at least two revolutions (to 
shear off the sample at the bottom), hook the sampler to the excavator or backhoe and extract.  This 
means an alternative head will be used as a connection point or that multiple choke hitches will be 
applied to extract the sampler.  If this fails and the excavator can dig deeper without potentially impacting 
subsurface utilities, excavate the sampler.  If this fails or if the excavator cannot be used due to 
subsurface utilities, hand-excavate to remove the soil from around the sides of the sampler.  If hand-
excavation requires entry into the test pit, the requirements in Section 6.8.3.4 must be followed.  Prepare 
the sample as described in Steps 9 through 13 in Section 6.2.3, and label, pack and transport the sample 
in the required manner, as described in SOPs SA-6.3 and SA-6.1. 
 
6.8.4 Backfilling of Trenches and Test Pits 

All test pits and excavations must be either backfilled, covered, or otherwise protected at the end of each 
day.  No excavations shall remain open during non-working hours unless adequately covered or 
otherwise protected.   
 
Before backfilling, the onsite crew may photograph, if required by the project-specific work plan, all 
significant features exposed by the test pit and trench and shall include in the photograph a scale to show 
dimensions.  Photographs of test pits shall be marked to include site number, test pit number, depth, 
description of feature, and date of photograph.  In addition, a geologic description of each photograph 
shall be entered in the site logbook.  All photographs shall be indexed and maintained as part of the 
project file for future reference. 
 
After inspection, backfill material shall be returned to the pit under the direction of the FOL.  Backfill 
should be returned to the trench or test pit in 6-inch to 1-foot lifts and compacted with the bucket. Remote 
controlled tampers or rollers may be lowered into the trench and operated from top side. This procedure 
will continue to the grade surface. It is recommended that the trench be tracked or rolled in. During 
excavation, clean soil from the top 2 feet may have been separated to be used to cover the last 
segments. Where these materials are not clean, it is recommended that clean fill be used for the top 
cover. 
 
If a low-permeability layer is penetrated (resulting in groundwater flow from an upper contaminated flow 
zone into a lower uncontaminated flow zone), backfill material must represent original conditions or be 
impermeable.  Backfill could consist of a soil-bentonite mix prepared in a proportion specified by the FOL 
(representing a permeability equal to or less than original conditions).  Backfill can be covered by "clean" 
soil and graded to the original land contour.  Revegetation of the disturbed area may also be required. 
 
6.9 Records 

The appropriate sample log sheet (see Attachment A of this SOP) must be completed by the site 
geologist/sampler for all samples collected.  All soil sampling locations should be documented by tying in 
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the location of two or more nearby permanent landmarks (building, telephone pole, fence, etc.) or 
obtaining GPS coordinates; and shall be noted on the appropriate sample log sheet, site map, or field 
notebook.  Surveying may also be necessary, depending on the project requirements.   
 
Test pit logs (see Attachment C of this SOP) shall contain a sketch of pit conditions.  If the project-specific 
work plan requires photographs, at least one photograph with a scale for comparison shall be taken of 
each pit.  Included in the photograph shall be a card showing the test pit number.  Boreholes, test pits, 
and trenches shall be logged by the field geologist in accordance with SOP GH-1.5.   
 
Other data to be recorded in the field logbook include the following: 
 

• Name and location of job 
 

• Date of boring and excavation 
 

• Approximate surface elevation 
 

• Total depth of boring and excavation 
 

• Dimensions of pit 
 

• Method of sample acquisition 
 

• Type and size of samples 
 

• Soil and rock descriptions 
 

• Photographs if required 
 

• Groundwater levels 
 

• PID/FID/LEL/O2 meter readings 
 

• Other pertinent information, such as waste material encountered 
 
In addition, site-specific documentation to be maintained by the SSO and/or Competent Person will be 
required including: 
 

• Calibration logs 
 

• Excavation inspection checklists 
 

• Soil type classification 
 
7.0 REFERENCES 
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NUS Corporation, 1986.  Hazardous Material Handling Training Manual. 
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ATTACHMENT A 
SOIL & SEDIMENT SAMPLE LOG SHEET 
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ATTACHMENT C 
TEST PIT LOG 
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ATTACHMENT D 
REMOTE SAMPLE HOLDER FOR TEST PIT/TRENCH SAMPLING 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information on Direct Push Technology 
(DPT).  DPT is designed to collect soil, groundwater, and soil gas samples without using conventional 
drilling techniques.  The advantage of using DPT over conventional drilling includes the generation of little 
or no drill cuttings, sampling in locations with difficult accessibility, reduced overhead clearance 
requirements, no fluid introduction during probing, and typical lower costs per sample than with 
conventional techniques.  Disadvantages include a maximum penetration depth of approximately 15 to 
40 feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological 
environments), reduced capability of obtaining accurate water-level measurements, and the inability to 
install permanent groundwater monitoring wells.  The methods and equipment described herein are for 
collection of surface and subsurface soil samples and groundwater samples.  Soil gas sampling is 
discussed in SOP SA-2.4. 
 
2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniques for DPT.  Review of 
the information contained herein will facilitate planning of the field sampling effort by describing standard 
sampling techniques.  The techniques described shall be followed whenever applicable, noting that site-
specific conditions or project-specific plans may require adjustments in methodology. 
 
3.0 GLOSSARY 

Direct Push Technology (DPT) - DPT refers to sampling tools and sensors that are driven directly into the 
ground without the use of conventional drilling equipment.  DPT typically utilizes hydraulic pressure 
and/or percussion hammers to advance the sampling tools.  A primary advantage of DPT over 
conventional drilling techniques is that DPT results in the generation of little or no investigation derived 
waste. 
 

Geoprobe7 - Geoprobe7 is a manufacturer of a hydraulically-powered, percussion/probing machines 

utilizing DPT to collect subsurface environmental samples.  Geoprobe7 relies on a relatively small amount 
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string.  The 

Geoprobe7 equipment can be mounted in a multitude of vehicles for access to all types of environmental 
sites. 
 

HydroPunchϑ - HydroPunchϑ is a manufacturer of stainless steel and Teflon7 sampling tools that are 
capable of collecting representative groundwater and/or soil samples without requiring the installation of a 

groundwater monitoring well or conventional soil boring.  HydroPunchϑ is an example of DPT sampling 
equipment. 
 
Flame Ionization Detector (FID) - A portable instrument for the measurement of many combustible 
organic compounds and a few inorganic compounds in air at parts-per million levels.  The basis for the 
detection is the ionization of gaseous species utilizing a flame as the energizing source.   
 
Photo Ionization Detector (PID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels.  The basis for the detection 
is the ionization of gaseous species utilizing ultraviolet radiation as the energizing source.   
 
4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for selecting and/or reviewing the appropriate DPT 
drilling procedure required to support the project objectives.   
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Field Operations Leader (FOL)- The FOL is primarily responsible for performing the DPT in accordance 
with the project-specific plan. 
 
5.0 SOIL SAMPLING PROCEDURES 

5.1 General 

The common methodology for the investigation of the vadose zone is soil boring drilling and soil 
sampling.  However, drilling soil borings can be very expensive.  Generally the advantage of DPT for 
subsurface soil sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times. 
 
5.2 Sampling Equipment 

Equipment needed for conducting DPT drilling for subsurface soil sampling includes, but is not limited to, 
the following: 
 

• Geoprobe® Sampling Kit 

• Cut-resistant gloves  

• 4-foot x 1.5-inch diameter macrocore sampler 

• Probe sampling adapters 

• Roto-hammer with 1.5-inch bit 

• Disposable acetate liners for soil macrocore sampler 

• Cast aluminum or steel drive points 

• Geoprobe® AT-660 Series Large Bore Soil Sampler, or equivalent 

• Standard decontamination equipment and solutions 
 
For health and safety equipment and procedures, follow the direction provided in the Safe Work Permit in 
Attachment 1, or the more detailed directions provided in the project's Health and Safety Plan. 
 
5.3 DPT Sampling Methodology 

There are several methods for the collection of soil samples using DPT drilling.  The most common 
method is discussed in the following section.  Variations of the following method may be conducted upon 
approval of the Project Manager in accordance with the project-specific plan. 
 

• Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground 
using hydraulic pressure.  If there is concrete or pavement over a sampling location, a Roto-hammer 
is used to drill a minimum 1.5-inch diameter hole through the surface material.  A Roto-hammer may 
also be used if very dense soils are encountered. 

 

• The sampler is advanced continuously in 4-foot intervals or less if desired.  No soil cuttings are 
generated because the soil which is not collected in the sampler is displaced within the formation. 

 

• The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer 
coring tube.  The sample is contained within an inner acetate liner. 

 

• Attach the metal trough from the Geoprobe® Sampling Kit firmly to the tail gate of a vehicle.  If a 
vehicle with a tail gate is not available, secure the trough on another suitable surface. 

 

• Place the acetate liner containing the soils in the trough. 
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• While wearing cut-resistant gloves (constructed of leather or other suitable material), cut the acetate 
liner through its entire length using the double-bladed knife that accompanies the Geoprobe® 
Sampling Kit.  Then remove the strip of acetate from the trough to gain access to the collected soils.  
Do not attempt to cut the acetate liner while holding it in your hand. 

 

• Field screen the sample with an FID or PID, and observe/examine the sample (according to SOP GH-
1.3).  If appropriate, transfer the sample to sample bottles for laboratory analysis.  If additional volume 
is required, push an additional boring adjacent to the first and composite/mix the same interval.  Field 
compositing is usually not acceptable for sample requiring volatile organics analysis. 

 

• Once sampling has been completed, the hole is backfilled with bentonite chips or bentonite cement 
grout, depending upon project requirements.  Asphalt or concrete patch is used to cap holes through 
paved or concrete areas.  All holes should be finished smooth to existing grade. 

 

• In the event the direct push van/truck cannot be driven to a remote location or a sampling location 
with difficult accessibility, sampling probes may be advanced and sampled manually or with 
air/electric operated equipment (e.g., jack hammer). 

 

• Sampling equipment is decontaminated prior to collecting the next sample. 
 
6.0 GROUNDWATER SAMPLING PROCEDURES 

6.1 General 

The most common methodology for the investigation of groundwater is the installation and sampling of 
permanent monitoring wells.  If only groundwater screening is required, the installation and sampling of 
temporary well points may be performed.  The advantage of temporary well point installation using DPT is 
reduced cost due to no or minimal disposal of drilling cuttings and well construction materials, and shorter 
installation/times sampling. 
 
Two disadvantages of DPT drilling for well point installation are: 
 

• In aquifers with low yields, well points may have to be sampled without purging or development. 

• If volume requirements are high, this method can be time consuming for low yield aquifers. 
 
6.2 Sampling Equipment 

Equipment needed for temporary well installation and sampling using DPT includes, but is not limited, to 
the following: 
 

• 2-foot x 1-inch diameter mill-slotted (0.005 to 0.02-inch) well point 

• Connecting rods 

• Roto-hammer with 1.5-inch bit 

• Mechanical jack 

• 1/4-inch OD polyethylene tubing 

• 3/8-inch OD polyethylene tubing 

• Peristaltic pump 

• Standard decontamination equipment and solutions 
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6.3 DPT Temporary Well Point Installation and Sampling Methodology 

There are several methods for the installation and sampling of temporary well points using DPT.  The 
most common methodology is discussed below.  Variations of the following method may be conducted 
upon approval of the Project Manager in accordance with the project specific plan. 
 

• A 2-foot x 1-inch diameter mill-slotted (0.005 to 0.02-inch) well point attached to connecting rods is 
driven into the ground to the desired depth using a rotary electric hammer or other direct push drill rig.  
If there is concrete or pavement over a sampling location, a Roto-hammer or electric coring machine 
is used to drill a hole through the surface material.  

 

• The well point will be allowed to equilibrate for at least 15 minutes, after which a measurement of the 
static water level will be taken.  The initial measurement of the water level will be used to assess the 
amount of water which is present in the well point and to determine the amount of silt and sand 
infiltration that may have occurred. 

 

• The well point will be developed using a peristaltic pump and polyethylene tubing to remove silt and 
sand which may have entered the well point.  The well point is developed by inserting polyethylene 
tubing to the bottom of the well point and lifting and lowering the tubing slightly while the pump is 
operating.  The pump will be operated at a maximum rate of approximately 2 liters per minute.  After 
removal of sediment from the bottom of the well point, the well point will be vigorously pumped at 
maximum capacity until discharge water is visibly clear and no further sediments are being 
generated.  Measurements of pH, specific conductance, temperature, and turbidity shall be recorded 
every 5 to 10 minutes during the purging process.  After two consistent readings of pH, specific 

conductance, temperature and turbidity (∀10 percent), the well may be sampled. 
 

• A sample will be collected using the peristaltic pump set at the same or reduced speed as during well 
development.  Samples (with the exception of the samples to be analyzed for volatile organic 
compounds, VOCs) will be collected directly from the pump discharge.  Sample containers for VOCs 
will be filled by (first shutting off the pump) crimping the discharge end of the sample tubing when 
filled, removing the inlet end of the sample tubing from the well, suspending the inlet tubing above the 
vial, and allowing water to fill each vial by gravity flow. 

 

• Once the groundwater sample has been collected, the connecting rods and well point will be removed 
from the hole with the direct push rig hydraulics.  The hole will be backfilled with bentonite chips or 
bentonite cement grout, depending upon project requirements.  Asphalt or concrete patch will be 
used to cap holes through paved or concrete areas.  All holes will be finished smooth to existing 
grade. 

 

• In the event the direct push van/truck cannot be driven to a remote location or sampling location with 
difficult accessibility, sampling probes may be advanced and sampled manually or with air/electric-
operated equipment (e.g., jack hammer). 

 

• Decontaminate the equipment before moving to the next location. 
 
7.0 RECORDS 

A record of all field procedures, tests, and observations must be recorded in the field logbook, boring 
logs, and sample log sheets, as needed.  Entries should include all pertinent data regarding the 
investigation.  The use of sketches and field landmarks will help to supplement the investigation and 
evaluation. 
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ATTACHMENT 1 
SAFE WORK PERMIT FOR DPT OPERATIONS 

 
Permit No.    Date:       Time:  From        to      

 
SECTION I:  General Job Scope   
 I. Work limited to the following (description, area, equipment used): Monitoring well drilling and installation 

through direct push technology    

 II. Required Monitoring Instruments:    

 III. Field Crew:        

        

 IV. On-site Inspection conducted   Yes        No     Initials of Inspector          
    Tetra Tech  
SECTION II:  General Safety Requirements (To be filled in by permit issuer) 
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Full face APR  Escape Pack  
  Level C    Level A   Half face APR  SCBA  
  Detailed on Reverse  SKA-PAC SAR  Bottle Trailer  
    Skid Rig  None  
Level D Minimum Requirements:  Sleeved shirt and long pants, safety footwear, and work gloves.   Safety glasses, 
hard hats, and hearing protection  will be worn when working near or sampling in the vicinity of the DPT rig.   
 

Modifications/Exceptions.   
 VI. Chemicals of Concern Action Level(s)  Response Measures 
          
          

 VII. Additional Safety Equipment/Procedures 
  Hard-hat ................................      Yes   No Hearing Protection (Plugs/Muffs)   Yes    No 
  Safety Glasses  .....................      Yes   No Safety belt/harness   Yes     No  
  Chemical/splash goggles ......      Yes   No Radio   Yes     No 
  Splash Shield ........................      Yes   No Barricades   Yes     No 
  Splash suits/coveralls ...........      Yes   No Gloves (Type -                           )  Yes     No 
  Steel toe Work shoes or boots  Yes    No Work/warming regimen   Yes     No 
  Modifications/Exceptions: Reflective vests for high traffic areas. 

 VIII. Procedure review with permit acceptors Yes NA  Yes NA 
  Safety shower/eyewash (Location & Use) ..........   Emergency alarms ...................    
  Daily tail gate meetings .......................................   Evacuation routes ....................     
  Contractor tools/equipment/PPE inspected ........    Assembly points .......................    
 IX. Site Preparation 
  Utility Clearances obtained for areas of subsurface investigation   Yes   No 
  Physical hazards removed or blockaded   Yes   No 
  Site control boundaries demarcated/signage   Yes   No 

 X. Equipment Preparation Yes NA 
   Equipment drained/depressurized .............................................................................................    
   Equipment purged/cleaned ........................................................................................................    
   Isolation checklist completed .....................................................................................................    
   Electrical lockout required/field switch tested ............................................................................   
   Blinds/misalignments/blocks & bleeds in place..........................................................................    
   Hazardous materials on walls/behind liners considered ............................................................    
 XI. Additional Permits required (Hot work, confined space entry). ...........................................  Yes      No 
  If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

 XII. Special instructions, precautions:    
     
     
 

Permit Issued by:     Permit Accepted by:  
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis.  Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3.  Sample 
identification is addressed in SOP CT-04. 
 
2.0 SCOPE 

This procedure describes the appropriate containers to be used for samples depending on the analyses 
to be performed, and the steps necessary to preserve the samples when shipped off site for chemical 
analysis. 
 
3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated.  Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 

as materials designated as hazardous under the provisions of ∋172.101 and ∋172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173.  With slight modifications, IATA has 
adopted DOT "hazardous materials" as IATA "Dangerous Goods." 
 
Hazardous Waste - Any substance listed in 40 CFR, Subpart D (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262.  Such substances are defined and regulated 
by EPA. 
 
Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 
 
n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.). 
 
n.o.s. - Not otherwise specified. 
 
Packaging - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment 
function in conformance with the minimum packaging requirements of 49 CFR 173.24(a) & (b). 
 
Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is 
placed on the side of a vehicle transporting certain hazardous materials. 
 
Common Preservatives: 
 

• Hydrochloric Acid - HCl 

• Sulfuric Acid - H2SO4  

• Nitric Acid - HNO3  

• Sodium Hydroxide - NaOH  
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Other Preservatives 
 

• Zinc Acetate 

• Sodium Thiosulfate - Na2S2O3 
 
Normality (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent.  
 
Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of the 

Appendix to DOT 49 CFR ∋172.101 for any material identified in column 1 of the appendix.  A spill greater 
than the amount specified must be reported to the National Response Center. 
 
Sample - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 
 
4.0 RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 
 
Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the shipper. 
 
5.0 PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 
 
5.1 Sample Containers 

Different types of chemicals react differently with sample containers made of various materials.  For 
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
may dissolve various types of plastic containers.  Attachments A and B show proper containers (as well 
as other information) per 40 CFR 136.  In general, the sample container shall allow approximately 
5-10 percent air space ("ullage") to allow for expansion/vaporization if the sample warms during transport.  
However, for collection of volatile organic compounds, head space shall be omitted.  The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents.  Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechnical analysis.  Sufficient lead time shall be allowed for a delivery of sample container 
orders.  Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to 
analysis.   
 
Once opened, the container must be used at once for storage of a particular sample.  Unused but opened 
containers are to be considered contaminated and must be discarded.  Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use.  Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded.   
 
5.2 Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis.  Although complete 
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and irreversible preservation of samples is not possible, preservation does retard the chemical and 
biological changes that inevitably take place after the sample is collected.  Preservation techniques are 
usually limited to pH control, chemical addition(s), and refrigeration/ freezing (certain biological samples 
only).    
 
5.2.1 Overview 

The preservation techniques to be used for various analytes are listed in Attachments A and B.  Reagents 
required for sample preservation will either be added to the sample containers by the laboratory prior to 
their shipment to the field or be added in the field (in a clean environment).  Only high purity reagents 
shall be used for preservation.  In general, aqueous samples of low-concentration organics (or soil 

samples of low- or medium-concentration organics) are cooled to 4ΕC.  Medium-concentration aqueous 
samples, high-hazard organic samples, and some gas samples are typically not preserved.  Low-
concentration aqueous samples for metals are acidified with HNO3, whereas medium-concentration and 
high-hazard aqueous metal samples are not preserved.  Low- or medium-concentration soil samples for 

metals are cooled to 4ΕC, whereas high-hazard samples are not cooled.   
 
The following subsections describe the procedures for preparing and adding chemical preservatives.  
Attachments A and B indicate the specific analytes which require these preservatives.   
 
The FOL is responsible for ensuring that an accurate Chemical Inventory is created and maintained for all 
hazardous chemicals brought to the work site (see Section 5 of the TtNUS Health and Safety Guidance 
Manual).  Furthermore, the FOL must ensure that a corresponding Material Safety Data Sheet (MSDS) is 
collected for every substance entered on the site Chemical Inventory, and that all persons using/handling/ 
disposing of these substances review the appropriate MSDS for substances they will work with.  The 
Chemical Inventory and the MSDSs must be maintained at each work site in a location and manner 
where they are readily-accessible to all personnel. 
 
5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall be 
analytical reagent (AR) grade or purer and shall be diluted to the required concentration with deionized 
water before field sampling commences.  To avoid uncontrolled reactions, be sure to Add Acid to water 
(not vice versa).  A dilutions guide is provided below. 
 

Acid/Base Dilution Concentration Estimated 

Amount 

Required for 
Preservation 

Hydrochloric Acid (HCl) 1 part concentrated HCI:  1 part 
double-distilled, deionized water 

6N 5-10 mL 

Sulfuric Acid (H2SO4) 1 part concentrated H2SO4:  1 part 

double-distilled, deionized water 

18N 2 - 5 mL 

Nitric Acid (HNO3) Undiluted concentrated HNO3 16N 2 - 5 mL 

Sodium Hydroxide 

(NaOH) 

400 grams solid NaOH dissolved in 

870 mL double-distilled, deionized 
water; yields 1 liter of solution 

10N 2 mL 

 
The amounts required for preservation shown in the above table assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample.  This assumes that the 
sample is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions 
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vary, more preservative may be required.  Consequently, the final sample pH must be checked using 
narrow-range pH paper, as described in the generalized procedure detailed below: 
 

• Pour off 5-10 mL of sample into a dedicated, clean container.  Use some of this sample to check the 
initial sample pH using wide range (0-14) pH paper.  Never dip the pH paper into the sample; always 
apply a drop of sample to the pH paper using a clean stirring rod or pipette. 

 

• Add about one-half of the estimated preservative required to the original sample bottle.  Cap and 
invert gently several times to mix.  Check pH (as described above) using medium range pH paper (pH 
0-6 or pH 7.5-14, as applicable). 

 

• Cap sample bottle and seal securely. 
 
Additional considerations are discussed below: 
 

• To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can 
be properly preserved, place a drop of sample on KI-starch paper.  A blue color indicates the need for 
ascorbic acid addition. 

 
If required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch paper.  
Repeat until a drop of sample produces no color on the KI-starch paper.  Then add an additional 
0.6 grams of ascorbic acid per each liter of sample volume. 

 
Continue with proper base preservation of the sample as described above. 

 

• Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate 
solution per 100 ml of sample. 

 
The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double-
distilled, deionized water to make 1 liter of solution. 
 
The sample pH is then raised to 9 using the NaOH preservative. 

 

• Sodium thiosulfate must be added to remove residual chlorine from a sample.  To test the sample for 
residual chlorine use a field test kit specially made for this purpose. 

 
If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to remove the 
residual chlorine. 

 
Continue with proper acidification of the sample as described above. 

 
For biological samples, 10% buffered formalin or isopropanol may also be required for preservation.  
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 
 
5.3 Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents.  
Field-filtration must be performed prior to the preservation of samples as described above.  General 
procedures for field filtration are described below: 
 

• The sample shall be filtered through a non-metallic, 0.45-micron membrane filter, immediately after 
collection.  The filtration system shall consist of dedicated filter canister, dedicated tubing, and a 
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peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by 
mechanical peristalsis, the sample travels only through the tubing). 

 

• To perform filtration, thread the tubing through the peristaltic pump head.  Attach the filter canister to 
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample 
container to the intake end of the silicon tubing.  Turn the peristaltic pump on and perform filtration.  
Run approximately 100 ml of sample through the filter and discard prior to sample collection. 

 

• Continue by preserving the filtrate (contained in the filter canister), as applicable and generally 
described above. 

 
5.4 Sample Packaging and Shipping 

Only employees who have successfully completed the TtNUS “Shipping Hazardous Materials” training 
course are authorized to package and ship hazardous substances.  These trained individuals are 
responsible for performing shipping duties in accordance with this training. 
 
Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samples.  Samples from drums containing materials other than Investigative Derived Waste 
(IDW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials.  A distinction must be made between the two types of samples in order to: 
 

• Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall 
be considered hazardous and shipped accordingly.)   

 

• Protect the health and safety of transport and laboratory personnel receiving the samples (special 
precautions are used by the shipper and at laboratories when hazardous materials are received.)   

 
Detailed procedures for packaging environmental samples are outlined in the remainder of this section. 
 
5.4.1 Environmental Samples 

Environmental samples are packaged as follows: 
 

• Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. Ziploc 
baggie), and seal the bag.  

 

• Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic bag 
(e.g. "garbage" bag).  Drain plugs on coolers must be taped shut. 

 

• Pack with enough cushioning materials such as bubble wrap (shoulders of bottles must be iced if 
required) to minimize the possibility of the container breaking.  

 

• If cooling is required (see Attachments A and B), place ice around sample container shoulders, and 
on top of packing material (minimum of 8 pounds of ice for a medium-size cooler). 

 

• Seal (i.e., tape or tie top in knot) large liner bag. 
 

• The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and 
taped inside the lid of the shipping cooler.  If multiple coolers are sent but are included on one COC 
form, the COC form should be sent with the cooler containing the vials for VOC analysis.  The COC 
form should then state how many coolers are included with that shipment. 
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• Close and seal outside of cooler as described in SOP SA-6.3.  Signed custody seals must be used. 
 
Coolers must be marked as containing "Environmental Samples."  The appropriate side of the container 
must be marked "This End Up" and arrows placed appropriately.  No DOT marking or labeling is required; 
there are no DOT restrictions on mode of transportation.  
 
6.0 REFERENCES 

American Public Health Association, 1981.  Standard Methods for the Examination of Water and 
Wastewater, 15th Edition.  APHA, Washington, D.C. 
 
International Air Transport Association (latest issue).  Dangerous Goods Regulations, Montreal, Quebec, 
Canada. 
 
U.S. Department of Transportation (latest issue).  Hazardous Materials Regulations, 49 CFR 171-177. 
 
U.S. EPA, 1984.  "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act."  Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 
 
U.S. EPA, 1979.  Methods for Chemical Analysis of Water and Wastes.  EPA-600/4-79-020, U.S. EPA-
EMSL, Cincinnati, Ohio. 
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ATTACHMENT A 
 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 

Sample Type and Concentration Container
(1)

 Sample Size Preservation
(2)

 Holding Time
(2)

 

WATER 

Organics  
(GC&GC/MS) 

VOC Low Borosilicate glass 2 x 40 mL Cool to 4ΕC 

HCl to # 2 

14 days
(9)

 

 Extractables (Low 
SVOCs and 
pesticide/PCBs) 

Amber glass 2x2 L or 4x1 L Cool to 4ΕC 7 days to extraction; 
40 days after 
extraction 

 Extractables (Medium 
SVOCs and 
pesticide/PCBs) 

Amber glass 2x2 L or 4x1 L 
 

None 7 days to extraction; 
40 days after 
extraction 

Inorganics Metals Low High-density polyethylene 1 L HNO3 to pH #2 6 months (Hg-28 days) 

  Medium Wide-mouth glass 16 oz. None 6 months 

 Cyanide Low High-density polyethylene 1 L NaOH to pH>12 14 days 

 Cyanide Medium Wide-mouth glass 16 oz. None 14 days 

Organic/ 
Inorganic 

High Hazard Wide-mouth glass 8 oz. None 14 days 

SOIL 

Organics 
(GC&GC/MS) 

VOC EnCore Sampler (3) 5 g Samplers Cool to 4ΕC 48 hours to lab 
preservation 

 Extractables (Low 
SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 8 oz. Cool to 4ΕC 14 days to extraction; 
40 days after 
extraction 

 Extractables (Medium 
SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 8 oz. Cool to 4ΕC 14 days to extraction; 
40 days after 
extraction 

Inorganics Low/Medium Wide-mouth glass 8 oz. Cool to 4ΕC 6 months 
(Hg - 28 days) 
Cyanide (14 days) 

Organic/Inorga
nic 

High Hazard Wide-mouth glass 8 oz. None NA 

Dioxin/Furan All Wide-mouth glass 4 oz. None 35 days until 
extraction; 
40 days after 
extraction 

TCLP All Wide-mouth glass 8 oz. None 7 days until 
preparation; analysis 
as per fraction 

AIR 

Volatile 
Organics 

Low/Medium  Charcoal tube -- 7 cm long, 
6 mm OD, 4 mm ID 

100 L air Cool to 4ΕC 5 days recommended 

 
1 All glass containers should have Teflon cap liners or septa. 
2 See Attachment E.  Preservation and maximum holding time allowances per 40 CFR 136. 

  



 Subject 
 NON-RADIOLOGICAL SAMPLE  
 HANDLING 

Number 
 SA-6.1 

Page 
 9 of 11 

Revision 
 4 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

ATTACHMENT B 
 

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,  
AND HOLDING TIMES 

Parameter Number/Name Container
(1)

 Preservation
(2)(3)

 Maximum Holding 
Time

(4)
 

INORGANIC TESTS: 

Acidity P, G Cool, 4ΕC 14 days 

Alkalinity P, G Cool, 4ΕC 14 days 

Ammonia - Nitrogen P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Biochemical Oxygen Demand (BOD) P, G Cool, 4ΕC 48 hours 

Bromide P, G None required 28 days 

Chemical Oxygen Demand (COD) P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Chloride P, G None required 28 days 

Chlorine, Total Residual P, G None required Analyze immediately 

Color P, G Cool, 4ΕC 48 hours 

Cyanide, Total and Amenable to 
Chlorination 

P, G Cool, 4ΕC; NaOH to pH 12; 
0.6 g ascorbic acid

(5)
 

14 days
(6)

 

Fluoride P None required 28 days 

Hardness P, G HNO3 to pH 2; H2SO4 to pH 2 6 months 

Total Kjeldahl and Organic Nitrogen P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Nitrate - Nitrogen P, G None required 48 hours 

Nitrate-Nitrite - Nitrogen P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Nitrite - Nitrogen P, G Cool, 4ΕC 48 hours 

Oil & Grease G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Total Organic Carbon (TOC) P, G Cool, 4ΕC; HCl or H2SO4 to 
pH 2 

28 days 

Orthophosphate P, G Filter immediately; Cool,  4ΕC 48 hours 

Oxygen, Dissolved-Probe G Bottle & top None required Analyze immediately 

Oxygen, Dissolved-Winkler G Bottle & top Fix on site and store in dark 8 hours 

Phenols G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Phosphorus, Total P, G Cool, 4ΕC; H2SO4 to pH 2 28 days 

Residue, Total P, G Cool, 4ΕC 7 days 

Residue, Filterable (TDS) P, G Cool, 4ΕC 7 days 

Residue, Nonfilterable (TSS) P, G Cool, 4ΕC 7 days 

Residue, Settleable P, G Cool, 4ΕC 48 hours 

Residue, Volatile (Ash Content) P, G Cool, 4ΕC 7 days 

Silica P Cool, 4ΕC 28 days 

Specific Conductance P, G Cool, 4ΕC 28 days 

Sulfate P, G Cool, 4ΕC 28 days 
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ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE TWO 

Parameter Number/Name Container
(1)

 Preservation
(2)(3)

 Maximum Holding 
Time

(4)
 

INORGANIC TESTS (Cont'd): 

Sulfide P, G Cool, 4ΕC; add zinc acetate 
plus sodium hydroxide to pH 9 

7 days 

Sulfite P, G None required Analyze  immediately 

Turbidity P, G Cool, 4ΕC 48 hours 

METALS:
(7)

 

Chromium VI (Hexachrome) P, G Cool, 4ΕC 24 hours 

Mercury (Hg) P, G HNO3 to pH 2 28 days 

Metals, except Chromium VI and Mercury P, G HNO3 to pH 2 6 months 

ORGANIC TESTS:
(8)

 

Purgeable Halocarbons G, Teflon-lined 
septum 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 14 days 

Purgeable Aromatic Hydrocarbons G, Teflon-lined 
septum 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 
 HCl to pH 2 

(9)
 

14 days 

Acrolein and Acrylonitrile G, Teflon-lined 
septum 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 
 adjust pH to 4-5 

(10)
 

14 days 

Phenols
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 7 days until extraction; 
40 days after extraction 

Benzidines
(11), (12)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 7 days until extraction
(13)

 

Phthalate esters
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC 7 days until extraction; 
40 days after extraction 

Nitrosamines
(11), (14)

 G, Teflon-lined 
cap 

Cool, 4ΕC; store in dark; 
0.008% Na2S2O3

(5)
 

7 days until extraction; 
40 days after extraction 

PCBs
(11)

  G, Teflon-lined 
cap 

Cool, 4ΕC 7 days until extraction; 
40 days after extraction 

Nitroaromatics & Isophorone
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

; 
store in dark 

7 days until extraction; 
40 days after extraction 

Polynuclear Aromatic Hydrocarbons 
(PAHs)

(11),(14)
 

G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

; 
store in dark 

7 days until extraction; 
40 days after extraction 

Haloethers
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 7 days until extraction; 
40 days after extraction 

Dioxin/Furan (TCDD/TCDF)
(11)

 G, Teflon-lined 
cap 

Cool, 4ΕC; 0.008% Na2S2O3
(5)

 7 days until extraction; 
40 days after extraction 
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ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE THREE 

 
(1) Polyethylene (P):  generally 500 ml or Glass (G):  generally 1L. 
(2) Sample preservation should be performed immediately upon sample collection.  For composite chemical samples each 

aliquot should be preserved at the time of collection.  When use of an automated sampler makes it impossible to preserve 

each aliquot, then chemical samples may be preserved by maintaining at 4ΕC until compositing and sample splitting is 
completed. 

(3) When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply with the 
Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzed as soon as possible after collection.  The times listed are the maximum times that samples 
may be held before analysis and still be considered valid. Samples may be held for longer periods only if the permittee, or 
monitoring laboratory, has data on file to show that the specific types of samples under study are stable for the longer 
periods, and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Maximum holding time is 24 hours when sulfide is present.  Optionally, all samples may be tested with lead acetate paper 

before pH adjustments are made to determine if sulfide is present.  If sulfide is present, it can be removed by the addition 
of cadmium nitrate powder until a negative spot test is obtained.  The sample is filtered and then NaOH is added to pH 12. 

(7) Samples should be filtered immediately on site before adding preservative for dissolved metals. 
(8) Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required if acrolein will not be measured.  Samples for acrolein receiving no pH adjustment must 

be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and maximum 

holding times should be observed for optimum safeguard of sample integrity.  When the analytes of concern fall within two 

or more chemical categories, the sample may be preserved by cooling to 4ΕC, reducing residual chlorine with 0.008% 
sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved in this manner may be held for 
7 days before extraction and for 40 days after extraction.  Exceptions to this optional preservation and holding time 
procedure are noted in footnote 5 (re:  the requirement for thiosulfate reduction of residual chlorine) and footnotes 12, 13 
(re:  the analysis of benzidine). 

(12) If 1,2-diphenylthydrazine is likely to be present, adjust the pH of the sample to 4.0∀0.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) atmosphere. 
(14) For the analysis of diphenylnitrosamine, add 0.008% Na2S2O3 and adjust pH to 7-10 with NaOH within 24 hours of 

sampling. 
(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are extracted 

within 72 hours of collection.  For the analysis of aldrin, add 0.008% Na2S2O3. 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record 
forms, logs, and reports generally initiated and maintained for documenting Tetra Tech NUS, Inc. (TtNUS) 
field activities. 
 
2.0 SCOPE 

Documents presented within this SOP (or equivalents) shall be used for all TtNUS field activities, as 
applicable.  Other or additional documents may be required by specific client contracts or project planning 
documents. 
 
3.0 GLOSSARY 

None. 
 
4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager (PM) - The PM is responsible for obtaining hardbound controlled-distribution logbooks 
(from the appropriate source), as needed.  In addition, the Project Manager is responsible for placing all 
field documentation used in site activities (i.e., records, field reports, sample data sheets, field notebooks, 
and the site logbook) in the project's central file upon the completion of field work. 
 
Field Operations Leader (FOL) - The FOL is responsible for ensuring that the site logbook, notebooks, 
and all appropriate and current forms and field reports included in this SOP (and any additional forms 
required by the contract) are correctly used, accurately filled out, and completed in the required time 
frame. 
 
General personnel qualifications for field documentation activities include the following: 
 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

 

• Familiarity with appropriate procedures for documentation, handling, packaging, and shipping.  
 
 
5.0 PROCEDURES 

5.1 SITE LOGBOOK 

5.1.1 General 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major on-site 
activities are documented.  At a minimum, record or reference the following activities/events (daily) in the 
site logbook: 
 

• All field personnel present 

• Arrival/departure times and names of site visitors 

• Times and dates of health and safety training 

• Arrival/departure times of equipment 

• Times and dates of equipment calibration 
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• Start and/or completion of borehole, trench, monitoring well installation activities, etc. 

• Daily on-site activities 

• Sample pickup information 

• Health and safety issues (level of protection, personal protective equipment [PPE], etc.) 

• Weather conditions 
 
Maintain a site logbook for each project and initiate it at the start of the first on-site activity (e.g., site visit 
or initial reconnaissance survey).  Make entries every day that on-site activities take place involving 
TtNUS or subcontractor personnel.  Upon completion of the fieldwork, provide the site logbook to the PM 
or designee for inclusion in the project's central file. 
 
Record the following information on the cover of each site logbook: 
 

• Project name 

• TtNUS project number 

• Sequential book number 

• Start date 

• End date 
 
Information recorded daily in the site logbook need not be duplicated in other field notebooks (see 
Section 5.2) but must summarize the contents of these other notebooks and refer to specific page 
locations in these notebooks for detailed information (where applicable).  An example of a typical site 
logbook entry is shown in Attachment A.   
 
If measurements are made at any location, either record the measurements and equipment used in the 
site logbook or reference the field notebook in which the measurements are recorded (see Attachment A).   
 
Make all logbook, notebook, and log sheet entries in indelible ink (black pen is preferred).  No erasures 
are permitted.  If an incorrect entry is made, cross out the entry with a single strike mark, initial, and date 
it.  At the completion of entries by any individual, the logbook pages used must be signed and dated by 
the person making the entries.  The site logbook must also be signed by the FOL at the end of each day. 
 
5.1.2 Photographs 

Sequentially number movies, slides, or photographs taken of a site or any monitoring location to 
correspond to logbook/notebook entries.  Enter the name of the photographer, date, time, site location, 
site description, and weather conditions in the logbook/notebook as the photographs are taken.  A series 
entry may be used for rapid-sequence photographs.  The photographer is not required to record the 
aperture settings and shutter speeds for photographs taken within the normal automatic exposure range.  
However, special lenses, films, filters, and other image-enhancement techniques must be noted in the 
logbook/notebook.  If possible, such techniques shall be avoided because they can adversely affect the 
accuracy of photographs.  Chain-of-custody procedures depend on the subject matter, type of camera 
(digital or film), and the processing it requires.  Follow chain-of-custody procedures for film used for aerial 
photography, confidential information, or criminal investigation.  After processed, consecutively number 
the slides of photographic prints and label them according to the logbook/notebook descriptions.  Docket 
the site photographs and associated negatives and/or digitally saved images to compact disks into the 
project's central file. 
 
5.2 FIELD NOTEBOOKS 

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent 
field activities conducted directly under their supervision.  For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a 
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separate field notebook.  Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a field notebook. 
 
5.3 FIELD FORMS 

All TtNUS field forms (see list in Section 6.0 of this SOP) can be found on the company's intranet site 
(http://intranet.ttnus.com) under Field Log Sheets.  Forms may be altered or revised for project-specific 
needs, subject to client approval.  Care must be taken to ensure that all essential information can be 
documented.  Guidelines for completing these forms can be found in the related sampling SOPs.   
 
5.3.1 Sample Collection, Labeling, Shipment, Request for Analysis, and Field Test Results 

5.3.1.1 Sample Log Sheet 

Sample log sheets are used to record specified types of data while sampling.  The data recorded on 
these sheets are useful in describing the sample as well as pointing out any problems, difficulties, or 
irregularities encountered during sampling.  Complete a sample log sheet for each sample obtained, 
including field quality control (QC) samples. 
 
5.3.1.2 Sample Label 

A typical sample label is illustrated in Attachment B.  Complete the required information on the adhesive 
labels and apply them to every sample container.  Obtain sample labels from the appropriate 
program/project source, request that they be electronically generated in house, or request them the 
laboratory subcontractor. 
 
5.3.1.3 Chain-of-Custody Record  

The chain-of-custody record is a multi-part form that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person.  This form 
must be used as follows for any samples collected for chemical or geotechnical analysis whether the 
analyses are performed on site or off site: 
 

• Retain one carbonless copy of the completed chain-of custody form in the field. 

• Send one copy is sent to the PM (or designee) 

• Send the original to the laboratory with the associated samples.  Place the original (top, signed copy) 
of the chain-of custody form inside a large Ziploc

®
-type bag taped inside the lid of the shipping cooler.  

If multiple coolers are sent but are included on one chain-of custody form, send the form with the 
cooler containing vials for volatile organic compound (VOC) analysis or the cooler with the air bill 
attached.  Indicate on the air bill how many coolers are included with that shipment.   

 
An example of a chain-of-custody form is provided as Attachment C.  After the samples are received at 
the laboratory, the sample cooler and contents are checked and any problems are noted on the enclosed 
chain-of custody form (any discrepancies between the sample labels and chain-of custody form and any 
other problems that are noted are resolved through communication between the laboratory point-of-
contact and the TtNUS PM).  The chain-of custody form is signed and copied.  The laboratory will retain 
the copy, and the original becomes part of the samples' corresponding analytical data package.   
 
5.3.1.4 Chain-of-Custody Seal 

Attachment D is an example of a custody seal.  The custody seal is an adhesive-backed label that is part 
of a chain-of-custody process and is used to prevent tampering with samples after they have been 
collected in the field and sealed in coolers for transport to the laboratory.  Sign and date custody seals 
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and affix them across the lid and body of each cooler (front and back) containing environmental samples 
(see SOP SA-6.1).  Obtain custody seals from the laboratory (if available) or purchase them from a 
supplier.    
 
5.3.1.5 Geochemical Parameters Log Sheets 

Complete Field Analytical Log Sheets to record geochemical and/or natural attenuation field test results.   
 
5.3.2 Hydrogeological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

Complete a Groundwater Level Measurement Sheet for each round of water level measurements made 
at a site.   
 
5.3.2.2 Data Sheet for Pumping Test 

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of 
data must be recorded, often within a short time period.  Use a Pumping Test Data Sheet to facilitate this 
task by standardizing the data collection format for the pumping well and observation wells, and allowing 
the time interval for collection to be established in advance.   
 
5.3.2.3 Packer Test Report Form 

Complete a Packer Test Report Form for each well at which a packer test is conducted.   
 
5.3.2.4 Boring Log 

Complete a Summary Log of Boring, or Boring Log for each soil boring performed to document the 
materials encountered, operation and driving of casing, and locations/depths of samples collected.  In 
addition, if volatile organics are monitored on cores, samples, cuttings from the borehole, or breathing 
zone, (using a photoionization detector [PID] or flame ionization detector [FID]), enter these readings on 
the boring log at the appropriate depth.  When they become available, enter the laboratory sample 
number, concentrations of key contaminants, or other pertinent information in the "Remarks" column.  
This feature allows direct comparison of contaminant concentrations with soil characteristics.   
 
5.3.2.5 Monitoring Well Construction Details Form 

Complete a Monitoring Well Construction Details Form for every monitoring well, piezometer, or 
temporary well point installed. This form contains specific information on length and type of well riser pipe 
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics.  
This information is important in evaluating the performance of the monitoring well, particularly in areas 
where water levels show temporal variation or where there are multiple (immiscible) phases of 
contaminants.  Depending on the type of monitoring well (in overburden or bedrock, stick-up or flush 
mount), different forms are used.  
 
5.3.2.6 Test Pit Log 

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log must be 
filled out by the responsible field geologist or sampling technician. 
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5.3.2.7 Miscellaneous Monitoring Well Forms 

Miscellaneous monitoring well forms that may be required on a project-specific basis include the 
Monitoring Well Materials Certificate of Conformance and Monitoring Well Development Record.  Use a 
Monitoring Well Materials Certificate of Conformance to document all materials utilized during each 
monitoring well installation.  Use a Monitoring Well Development Record to document all well 
development activities. 
 
5.3.2.8 Miscellaneous Field Forms – Quality Assurance and Checklists 

Miscellaneous field forms/checklists forms that may be required on a project-specific basis include the 
following: 
 

• Container Sample and Inspection Sheet – use this form when a container (drum, tank, etc.) is 
sampled and/or inspected. 

 

• QA Sample Log Sheet – use this form when a QA sample such as an equipment rinsate blank, 
source blank, etc. is collected. 

 

• Field Task Modification Request (FTMR) – use this form to document deviations from the project 
planning documents.  The FOL is responsible for initiating the FTMRs.  Maintain copies of all FTMRs 
with the on-site planning documents, and place originals in the final evidence file. 

 

• Field Project Daily Activities Checklist and Field Project Pre-Mobilization Checklist – used these 
during both the planning and field effort to ensure that all necessary tasks are planned for and 
completed.  These two forms are not requirements but are useful tools for most field work. 

 
5.3.3 Equipment Calibration and Maintenance Form 

The calibration or standardization of monitoring, measuring, or test equipment is necessary to ensure the 
proper operation and response of the equipment, to document the accuracy, precision, or sensitivity of 
the measurements, and determine if correction should be applied to the readings.  Some items of 
equipment require frequent calibration, others infrequent.  Some are calibrated by the manufacturer, 
others by the user.   
 
Each instrument requiring calibration has its own Equipment Calibration Log, which documents that the 
manufacturer's instructions were followed for calibration of the equipment, including frequency and type of 
standard or calibration device.  Maintain an Equipment Calibration Log for each electronic measuring 
device used in the field; make entries for each day the equipment is used or in accordance with 
manufacturer recommendations. 
 
5.4 FIELD REPORTS 

The primary means of recording on-site activities is the site logbook.  Other field notebooks may also be 
maintained.  These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation but are not easily used for tracking and reporting of progress.  
Furthermore, the field logbook/notebooks remain on site for extended periods of time and are thus not 
accessible for timely review by project management.  Other reports useful for tracking and reporting the 
progress of field activities are described below. 
 



 Subject 
 
 FIELD DOCUMENTATION 

Number 
 SA-6.3 

Page 
 7 of 12 

Revision 
 4 

Effective Date 

 01/2012 

 

019611/P Tetra Tech 

5.4.1 Daily Activities Report 

To provide timely oversight of on-site contractors, complete and submit Daily Activities Reports (DARs) as 
described below. 
 
5.4.1.1 Description 

The DAR documents the activities and progress for each day's field work.  Complete this report on a daily 
basis whenever there are drilling, test pitting, well construction, or other related activities occurring that 
involve subcontractor personnel.  These sheets summarize the work performed and form the basis of 
payment to subcontractors.  The DAR form can be found on the TtNUS intranet site. 
 
5.4.1.2 Responsibilities 

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature 
acknowledging that the times and quantities of material entered are correct. 
 
5.4.1.3 Submittal and Approval 

At the end of the shift, the rig geologist must submit the DAR to the FOL for review and filing.  The Daily 
Activities Report is not a formal report and thus requires no further approval.  The DARs are retained by 
the FOL for use in preparing the site logbook and in preparing weekly status reports for submission to the 
PM. 
 
5.4.2 Weekly Status Reports 

To facilitate timely review by project management, photocopies of logbook/notebook entries may be made 
for internal use.   
 
In addition to those described herein, other summary reports may also be contractually required. 
 
All TtNUS field forms can be found on the company's intranet site at http://intranet.ttnus.com under Field 
Log Sheets. 
 
6.0 LISTING OF FIELD FORMS ON THE TtNUS INTRANET SITE 

• Boring Log 

• Container Sample and Inspection Sheet 

• Daily Activities Checklist 

• Daily Activities Record 

• Equipment Calibration Log 

• Field Task Modification Request 

• Field Analytical Log sheet - Geochemical Parameters 

• Groundwater Level Measurement Sheet 

• Groundwater Sample Log Sheet 

• Hydraulic Conductivity Test Data Sheet 

• Low Flow Purge Data Sheet 

• Bedrock Monitoring Well Construction (Stick Up) 

• Bedrock Monitoring Well Construction Flush Mount 

• Bedrock Monitoring Well Construction Open Hole 

• Confining Layer Monitoring Well Construction  

• Monitoring Well Development Record 
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• Monitoring Well Materials Certificate of Conformance 

• Overburden Monitoring Well Construction Flush Mount 

• Overburden Monitoring Well Construction Stick Up 

• Packer Test Report Form 

• Pumping Test Data Sheet 

• QA Sample Log Sheet 

• Soil/Sediment Sample Log Sheet 

• Surface Water Sample Log Sheet 

• Test Pit Log 

• Field Project Pre-Mobilization Checklist 
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 ATTACHMENT A 
 TYPICAL SITE LOGBOOK ENTRY 
 
START TIME:         DATE:    
 
SITE LEADER:   
PERSONNEL: 

TtNUS  DRILLER  SITE VISITORS 

     

     

     

 
WEATHER:  Clear, 68°F, 2-5 mph wind from SE 
 
ACTIVITIES: 
 
 1. Steam jenney and fire hoses were set up. 

 2. Drilling activities at well ____ resumes.  Rig geologist was ______________.  See 
Geologist's Notebook, No. 1, page 29-30, for details of drilling activity.  Sample No. 123-21-
S4 collected; see sample logbook, page 42.  Drilling activities completed at 11:50 and a 
4-inch stainless steel well installed.  See Geologist's Notebook, No. 1, page 31, and well 
construction details for well ______.  

 3. Drilling rig No. 2 steam-cleaned at decontamination pit.  Then set up at location of 
well _______. 

 4. Well ______ drilled.  Rig geologist was ____________________.  See Geologist's 
Notebook, No. 2, page ____ for details of drilling activities.  Sample numbers 123-22-S1, 
123-22-S2, and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45. 

 5. Well _____ was developed.  Seven 55-gallon drums were filled in the flushing stage.  The 
well was then pumped using the pitcher pump for 1 hour.  At the end of the hour, water 
pumped from well was "sand free."   

 6. EPA remedial project manger arrives on site at 14:25 hours. 

 7. Large dump truck arrives at 14:45 and is steam-cleaned.  Backhoe and dump truck set up 
over test pit _________. 

 8. Test pit _______ dug with cuttings placed in dump truck.  Rig geologist was 
_______________.  See Geologist's Notebook, No. 1, page 32, for details of test pit 
activities.  Test pit subsequently filled.  No samples taken for chemical analysis.  Due to 
shallow groundwater table, filling in of test pit ___ resulted in a very soft and wet area.  A 
mound was developed and the area roped off. 

 9. Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 
17:50 hours.  Site activities terminated at 18:22 hours.  All personnel off site, gate locked. 

 
 
 
       
       
 Field Operations Leader 



Tetra Tech NUS, Inc, 
661 Andersen Drive 
Pittsburgh, 15220 
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 ATTACHMENT B 
SAMPLE LABEL 
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1.0 PURPOSE 

Decontamination is the process of removing and/or neutralizing site contaminants that have contacted 
and/or accumulated on equipment.  The purpose of this Standard Operating Procedure (SOP) is to 
protect site personnel, the general public, and the environment while preserving or maintaining sample 
integrity.  It is further intended through this procedure to describe the steps necessary for proper 
decontamination of drilling equipment, earth-moving equipment , chemical sampling equipment and field 
operation and analytical equipment.  
 
2.0 SCOPE AND APPLICABILITY 

This procedure applies to all equipment used to provide access to/acquire environmental samples that 
may have become contaminated through direct contact with contaminated media including air, water, and 
soil.  This equipment includes drilling and heavy equipment and chemical sampling and field analytical 
equipment.  Where technologically and economically feasible, single-use sealed disposable equipment 
will be employed to minimize the potential for cross-contamination.  This SOP also provides general 
reference information on the control of contaminated materials. 
 
Decontamination methods and equipment requirements may differ from one project to another.  General 
equipment items are specified in Section 6.0, but project-specific equipment must be obtained to address 
the project-specific decontamination procedures presented in Section 7.0 and applicable subsections.  
 
3.0 GLOSSARY 

Alconox/Liquinox - A brand of phosphate-free laboratory-grade detergent.  
 
Decontamination Solution - A solution selected/identified in the Health and Safety Plan or Project-Specific 
Quality Assurance Plan.  The solution is selected and employed as directed by the project chemist/health 
and safety professional. 
 
Deionized Water (DI) - Tap water that has been treated by passing through a standard deionizing resin 
column.  This water may also pass through additional filtering media to attain various levels of analyte-
free status.  The DI water should meet College of American Pathologists (CAP) and National Committee 
for Clinical Laboratory Standards (NCCLS) specifications for reagent-grade Type I water. 
 
Potable Water - Tap water from any municipal water treatment system.  Use of an untreated potable 
water supply is not an acceptable substitute for tap water. 
 
Pressure Washing - Process employing a high-pressure pump and nozzle configuration to create a high-
pressure spray of potable water.  High-pressure spray is employed to remove solids from equipment. 
 
Solvent – A liquid in which solid chemicals or other liquids are dissolved.  The solvent of choice is 
pesticide-grade isopropanol.  Use of other solvents (methanol, acetone, or hexane) may be required for 
particular projects or for a particular purpose (e.g., removal of concentrated waste) and must be justified 
in the project planning documents.  For example, it may be necessary to use hexane when analyzing for 
trace levels of pesticides, PCBs, or fuels.  In addition, because many of these solvents are not miscible in 
water, the equipment should be air dried prior to use.  Solvents should not be used on PVC equipment or 
well construction materials. 
 
Steam Pressure Washing - A cleaning method employing a high-pressure spray of heated potable water 
to remove various organic/inorganic chemicals from equipment. 
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4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 
 
Decontamination Personnel - Individuals assigned the task of decontamination.  It is the responsibility of 
these individuals to understand the use and application of the decontamination process and solutions as 
well as the monitoring of that process to ensure that it is working properly.  This is accomplished through 
visual evaluation, monitoring instrument scanning of decontaminated items, and/or through the collection 
of rinsate blanks to verify contaminant removal. 
 
Field Operations Leader (FOL) - Responsible for the implementation of project-specific planning 
documents. This includes on-site verification that all field activities are performed in compliance with 
approved SOPs or as otherwise dictated by the approved project plan(s).  The FOL is also responsible for 
the completion and accuracy of all field documentation.   
 
Site Safety Officer (SSO) - Exercises shared responsibility with the FOL concerning decontamination 
effectiveness.  All equipment arriving on site (as part of the equipment inspection), leaving the site, and 
moving between locations is required to go through a decontamination evaluation.  This is accomplished 
through visual examination and/or instrument screening to determine the effectiveness of the 
decontamination process.  Improper or incomplete decontamination is sufficient to restrict equipment from 
entering the site, exiting the site, or moving to a new location on the site until the objectives are 
successfully completed. 
 
General personnel qualifications for decontamination activities include the following: 
 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

 

• Familiarity with appropriate decontamination procedures.  
 
5.0 HEALTH AND SAFETY 

In addition to the health and safety issues and reminders specified in subsections of this SOP, the 
following considerations and requirements must be observed as SOPs for field equipment 
decontamination activities: 
 

• If any solvents or hazardous chemicals (e.g., isopropyl alcohol) are to be used in equipment 
decontamination activities, the FOL must first obtain the manufacturer’s/supplier’s Material Safety 
Data Sheet (MSDS) and assure that it is reviewed by all users (prior to its use), added to the site 
Hazardous Chemical Inventory, and maintained on site as part of the project Hazard Communication 
Program. 

 

• Review and observe specific health and safety requirements (e.g., personal protective equipment 
[PPE]) specified in the project-specific health and safety plan for this activity. 

 
6.0 EQUIPMENT LIST 

• Wood for decontamination pad construction, when applicable (see Section 7.1). 
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• Tools for constructing decontamination pad frame, when applicable (see Section 7.1). 
 

• Visqueen sheeting or comparable material to cover decontamination pad frame, when applicable (see 
Section 7.1). 

 

• Wash/drying racks for auger flights and drill/drive rods, when applicable (see Section 7.2). 
 

• PPE as specified in the project health and safety plan. 
 

• Soap and water for washing and rinsing. 
 

• Deionized water for final rinsing. 
 

• Solvents (e.g., pesticide-grade isopropanol) for rinsing (see applicable portions of Section 7.2). 
 

• Tubs, buckets, etc. for containerizing rinse water (see applicable portions of Section 7.2). 
 

• Sample bottles for collecting rinsate blanks (see Section 7.2). 
 

• Calibrated photoionization detector (PID) or flame ionization detector (FID) to monitor 
decontaminated equipment for organic vapors generated through the existence of residual 
contamination or the presence of decontamination solvent remaining after the piece was rinsed. 

 

• Aluminum foil or clear clean plastic bag for covering cleaned equipment (see applicable portions of 
Section 7.2). 

 

• Paper towels or cloths for wiping. 
 

• Brushes, scrapers, or other hand tools useful for removing solid materials from equipment. 
 

• Clear plastic wrap for covering or wrapping large decontaminated equipment items (see Section 
7.2.2). 

 

• Drum-moving equipment for moving filled waste drums (optional) (see Section 7.3). 
 

• Drum labels for waste drums (see Attachment A). 
 
7.0 PROCEDURES 

The process of decontamination is accomplished through the removal of contaminants, neutralization of 
contaminants, or isolation of contaminants.  To accomplish this activity, preparation is required including 
site preparation, equipment selection, and evaluation of the decontamination requirements and 
processes. Site contaminant types, concentrations, and media types are primary drivers in the selection 
of the types of decontamination and where it will be conducted.  For purposes of this SOP, discussion is 
limited to decontamination procedures for general environmental investigations.  
 
Decontamination processes will be performed at the location(s) specified in project-specific planning 
documents.  Typical decontamination locations include the following: 
 

• Temporary decontamination pads/facilities 

• Sample locations 

• Centralized decontamination pad/facilities 
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• Combination of some or all of the above 
 
The following discussion includes general considerations for the decontamination process.  Specific 
construction and implementation procedures will be as specified in the project-specific planning 
documents and/or may be as dictated by site-specific conditions as long as the intent of the requirements 
in the planning documents is met.  This intent is to contain any residual fluids and solids generated 
through the decontamination process. 
 
7.1 Decontamination Pad Design/Construction Considerations 

7.1.1 Temporary Decontamination Pads 

Temporary decontamination pads may be constructed at satellite locations within the site area in support 
of temporary work areas. These structures are generally constructed to support the decontamination of 
heavy equipment such as drill rigs and earth-moving equipment but can be employed for smaller articles.  
 
The purpose of the decontamination pad is to contain wash waters and potentially contaminated soil 
generated during decontamination procedures. Therefore, construction of these pads should take into 
account the following considerations: 
 

• Site location – The decontamination site selected should be far enough from the work site to 
maximize decontamination effectiveness while minimizing travel distance.  The location of the 
decontamination site shall be selected to provide, in the judgment of the FOL or FOL designee, 
compliance with as many of the following characteristics as practicable: 

 
- Well removed from pedestrian/vehicle thoroughfares. 
 
- Avoidance of areas where control/custody cannot be maintained. 

 
- Avoidance of areas where potential releases of contaminated media or decontamination fluids 

may be compounded through access to storm water transport systems, streams, or other 
potentially sensitive areas. 

 
- Avoidance of potentially contaminated areas. 

 
- Avoidance of areas too close to the ongoing operation, where cross-contamination may occur. 

 
The selected decontamination site should include the following, where possible: 
 
- Areas where potable water and electricity are provided. 
 

Safety Reminder 
When utilizing electrical power sources, either hard-wired or portable-generated sources, 
ensure that: 
 
-  All power is routed through a Ground Fault Circuit Interrupter (GFCI). 
 
-  All power cords are in good condition (no physical damage), rated for the intended 
energy load, and designated for outdoor use. 
 
In situations where accomplishing these elements is not possible, it will be necessary to 
implement a site electrical grounding program. 
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- Areas where support activities such as removing decontamination waters soil and sediment are 

possible without entering an active exclusion zone. 
 

- Areas that offer sufficient size to carry out the specific decontamination sequence. 
 

• Decontamination pad (decon pad) – The decon pad shall be constructed to meet the following 
characteristics: 

 
- Size – The size of the pad should be sufficient to accept the equipment to be decontaminated as 

well as permitting free movement around the equipment by the personnel conducting the 
decontamination. The size should permit these movements utilizing pressure/steam washer 
wands and hoses and minimizing splash due to work in close quarters.  
 

- Slope – An adequate slope will be constructed to permit the collection of water and potentially 
contaminated soil within a trough or sump constructed at one end.  The collection point for wash 
waters should be of adequate distance that the decontamination workers do not have to walk 
through the wash waters while completing their tasks.  Because the pad will be sloped, place a 
light coating of sand over the plastic to minimize potential slips and falls.  See the text about liners 
below. 
 

- Sidewalls – The sidewalls shall be at least 6 inches in height (or as high as possible if 6 inches is 
not achievable) to provide adequate containment for wash waters and soil.  If splash represents a 
potential problem, splash guards should be constructed to control overspray.  Sidewalls may be 
constructed of wood, inflatables, sand bags, etc. to permit containment.  Splash guards are 
typically wood frames with Visqueen coverings to control overspray. 
 

- Liner – Depending on the types of equipment and decontamination method to be used, the liner 
should be of sufficient thickness to provide a puncture-resistant barrier between the 
decontamination operation and the unprotected environment.  Care should be taken to examine 
the surface area prior to placing the liner to remove sharp articles (sticks, stones, debris) that 
could puncture the liner.  Liners are intended to form an impermeable barrier.  The thickness may 
vary from a minimum recommended thickness of 10 mil to 30 mil.  The desired thickness may be 
achieved through layering materials of lighter construction. It should be noted that various 
materials (rubber, polyethylene sheeting) become slippery when wet.  To minimize this potential 
hazard associated with a sloped liner, a light coating of sand shall be applied to provide traction 
as necessary.  
 

- Wash/drying racks – Auger flights, drill/drive rods, and similar equipment require racks positioned 
off of the ground to permit these articles to be washed, drained, and dried while secured from 
falling during this process.  
 

For decontamination of direct-push technology (DPT) equipment, the pad may be as simple as a mortar 
tub containing buckets of soapy water for washing and an empty bucket to capture rinse waters.  
Decontamination may be conducted at the rear of the rig to permit rapid tool exchange. 
 

• Maintenance – Maintain the decontamination area by: 
 

- Periodically clearing the work area of standing water, soil, and debris, and coiling hoses to aid in 
eliminating slip, trip, and fall hazards.  In addition, these articles will reduce potential backsplash 
and cross-contamination. 
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- Regularly changing the decontamination fluids to ensure proper cleaning and prevent cross-
contamination. 

 
- PPE – Periodically evaluate the condition of, and maintain the decontamination equipment, 

including regular cleaning of face shields and safety glasses.  This is critical to ensuring the 
safety of decontamination personnel and the integrity of the decontamination process, and it will 
ensure that equipment is functioning properly.  

 
7.1.2 Decontamination Activities at Drill Rigs/DPT Units  

During subsurface sampling activities including drilling and DPT activities, decontamination of drive rods, 
Macro Core Samplers, split spoons, etc. is typically conducted at an area adjacent to the operation.  
Decontamination is generally accomplished using a soap/water wash and rinse utilizing buckets and 
brushes.  This area requires sufficient preparation to accomplish the decontamination objectives. 
 
Buckets shall be placed within mortar tubs or similar secondary containment tubs to prevent splash and 
spills from reaching unprotected environmental media.  Drying racks shall be employed as directed for 
temporary pads to permit parts to dry and be evaluated prior to use/reuse.  Methodology regarding this 
activity is provided in Section 7.2. 
 
7.1.3 Decontamination Activities at Remote Sample Locations  

When sampling at remote locations, sampling equipment such as trowels and pumps/tubing should be 
evacuated of potentially contaminated media to the extent possible.  This equipment should be wrapped 
in plastic for transport to the temporary/centralized decontamination location for final cleaning and 
disposition.  Flushing and cleaning of single-use equipment such as disposable trowels, tubing, and 
surgeon’s gloves may allow disposal of this equipment after visible soil and water remnants have been 
removed. 
 
7.2 Equipment Decontamination Procedures 

The following represents procedures to be employed for the decontamination of equipment that may have 
contacted and/or accumulated contamination through site investigation activities. 
 
7.2.1 Monitoring Well Sampling Equipment 

7.2.1.1 Groundwater sampling equipment – This includes pumps inserted into monitoring wells such 
as bladder pumps, Whale pumps, and Redi-Flo pumps and reusable bailers, etc. 

1. Evacuate to the extent possible, any purge water within the pump/bailer. 
 
2. Scrub using soap and water and/or steam clean the outside of the pump/bailer and, if applicable, the 

pump tubing. 
 
3. Insert the pump and tubing/bailer into a clean container of soapy water.  Pump/run a sufficient 

amount of soapy water through the pump/bailer to flush out any residual well water.  After the pump is 
flushed, circulate soapy water through the pump to ensure that the internal components are 
thoroughly flushed. 

 
4. Remove the pump and tubing/bailer from the container 
 
5. Rinse external pump components using tap water. 
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6. Insert the pump and tubing/bailer into a clean container of tap water.  Pump/run a sufficient amount of 

tap water through the pump/bailer to evacuate all of the soapy water (until clear).  
 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents – 

Use the procedures defined in the project-specific planning documents.  If they are not 
defined, contact the FOL for guidance.   The solvent rinse described in Step 7 may be 

omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to 
remove organic materials. 

 
7. If groundwater contains or is suspected to contain oil, grease, PAHs, PCBs, or other hard to remove 

organic materials, rinse the equipment to be cleaned with pesticide-grade isopropanol. 
 
8. Pass deionized water through the hose to flush out the tap water and solvent residue as applicable. 
 
9. Drain residual deionized water to the extent possible. 
 
10. Allow components of the equipment to air dry. 
 
11. For bladder pumps, disassemble the pump and wash the internal components with soap and water, 

then rinse with tap water, isopropanol, and deionized water and allow to dry.  After the parts are dry, 
conduct a visual inspection and a monitoring instrument scan to ensure that potential contaminants 
and all decontamination solvent have been removed.  Collect a rinsate blank in accordance with the 
project-specific planning documents to ensure that the decontamination process is functioning as 
intended.  The typical frequency of collection for rinsate blanks is 1 per 20 field samples.  In addition, 
wipe samples or field tests such as UV light may be used. 

 
12. Wrap pump/bailer in aluminum foil or a clear clean plastic bag for storage. 
 

SAFETY REMINDER 
Remember when handling powered equipment to disconnect the power source and 

render the equipment to a zero energy state (both potential and kinetic) before opening 
valves, disconnecting lines, etc.  

 
7.2.1.2 Electronic Water Level Indicators/Sounders/Tapes 

During water level measurements, rinsing the extracted tape and probe with deionized water and wiping 
the surface of the extracted tape between locations is acceptable.  However, periodic full decontamination 
should be conducted as follows:  
 
1. Wash with soap and water 
2. Rinse with tap water 
3. Rinse with deionized water 
 

NOTE 
In situations where oil, grease, free product, other hard to remove materials are 

encountered, probes and exposed tapes should be washed in hot soapy water.  If probes 
or tapes cannot be satisfactorily decontaminated (they are still stained, discolored, etc.), 

they should be removed from service. 
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7.2.1.3 Miscellaneous Equipment 

Miscellaneous equipment including analytical equipment (water quality testing equipment) shall be 
cleaned per manufacturers’ instructions.  This generally includes wiping the sensor housing and rinsing 
with tap and deionized water. 
 
Coolers/shipping containers employed to ship samples are received from the laboratory in a variety of 
conditions including marginal to extremely poor.  Coolers shall be evaluated prior to use for the following: 
 

• Structural integrity – Coolers missing handles or having breaks in the outer housing should be 
removed and not used.  Notify the laboratory that the risk of shipping samples in the cooler(s) 
provided is too great and request a replacement unit. 

 

• Cleanliness – As per protocol, only volatile organic samples are accompanied by a trip blank.  If a 
cooler’s cleanliness is in question (visibly dirty/stained) or if there are noticeable odors, the cooler 
should be decontaminated prior to use as follows: 

 
1. Wash with soap and water 
2. Rinse with tap water 
3. Dry 

 
If these measures fail to clean the cooler to an acceptable level, remove the unit from use as a shipping 
container and ask the cooler provider (e.g., the analytical laboratory) to provide a replacement unit. 
 
7.2.2 Downhole Drilling Equipment 

This includes any portion of the drill rig that is over the borehole, including auger flights, drill stems, rods, 
and associated tooling that would extend over the borehole.  The following procedure is to be employed 
prior to initiating the drilling/sampling activity, then between locations: 
 

CAUTION 
Exercise care when using scrapers to remove soil and debris from downhole drilling 
equipment.  Inadvertent slips of scrapers have resulted in cuts, scrapes, and injured 

knuckles, so use scrapers carefully when removing soil from these items. 

 
1. Remove loose soil using shovels, scrapers, etc. 
 
2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 

washing, remove visible dirt/soil from the equipment being decontaminated. 
 

CAUTION 
In Step 3, do not rinse PE, PVC, and associated tubing with solvents.  The appropriate 

procedures should be defined within the project-specific planning documents.  If they are 
not defined, contact the FOL for guidance.  The solvent rinse described in Step 4 may be 

omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to 
remove organic materials. 

 
3. Rinse the equipment with tap water, where applicable (steam cleaning and pressure washing 

incorporate rinsing as part of the process). 
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4. If the equipment has directly or indirectly contacted contaminated sample media and is known or 
suspected of being contaminated with oil, grease, PAHs, PCBs, or other hard to remove organic 
materials, rinse equipment with pesticide-grade isopropanol 

 
5. To the extent possible, allow components to air dry. 
 
6. If the decontaminated equipment is to be used immediately after decontamination, screen it with a 

calibrated photoionization detector (PID)/flame ionization detector (FID) to ensure that all 
contaminants and possible decontamination solvents (if they were used) have been adequately 
removed. 

 
7. Wrap or cover equipment in clear plastic until it is time to be used. 
 

SAFETY REMINDER 
Even when equipment is disconnected from power sources, dangers such as the 

following may persist:  
 
Falls - An auger flight standing on its end may fall and injure someone.  Secure all loose 

articles to prevent heavy articles from falling onto people or equipment. 
 

Burns - Steam cleaner water is heated to more than 212 ˚F and exhibits thermal energy 
that can cause burns.  Prevent contact of skin with hot water or surfaces. 

 
High water pressure - Pressure washer discharge can have 2,000 to 4,000 psi of water 

pressure.  Water under this amount of pressure can rupture skin and other human 
tissues.  Water at  4,000 psi exiting a 0˚ tip can be dangerous because of its relatively 
high cutting power.  The exit velocity and cutting power of the water are reduced when 

exiting a 40˚ fan tip, but damage to soft tissues is still possible. 

 
In general, follow the rules below to avoid injury, equipment damage, or incomplete decontamination: 
 
1. Read the operating manual and follow the manufacturers’ recommended safety practices before 

operating pressure washers and steam cleaners. 
 
2. Never point the pressure washer or steam cleaner at another person or use to clean your boots or 

other parts of your body.  Water lacerations and burns may appear to be minor at first but can be life 
threatening.  Do not attempt to hold small parts in your hand while washing them with high- 
temperature or high-pressure water. 

 
3. Always wear PPE as specified in the HASP such as:  
 

- Hard hat, safety glasses, splash shield, impermeable apron or splash suit, and hearing protection. 
Remember that excessive noise is a hazard when operating gas-powered engines and 
electrically driven pressure washers.  PPE will be identified in your project specific planning 
documents. 

 
4. Inspect each device before use.  An inspection checklist will be provided in the project-specific 

planning documents. If it is a rented device, safety measures are typically provided by the vendor.  In 
all cases, if you are not familiar with the operation of a pressure washer/steam cleaner, do not 
operate it until you obtain and thoroughly review operating instructions and recommended safety 
practices. 

 
5. Do not modify equipment unless the manufacturer has approved the modifications. 
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7.2.3 Soil/Sediment Sampling Equipment 

This section applies to soil sampling equipment including but not limited to hand augers, stainless steel 
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers, etc. 
 
1. Remove all loose soil from the equipment through manual means. 
 
2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 

washing, remove visible dirt/soil from the equipment. 
 
3. Rinse the equipment with tap water.  
 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents.  The appropriate procedures 
should be defined within the project-specific planning documents.  If they are not defined, 

contact the FOL for guidance.  The solvent rinse described in Step 4 may be omitted if 
groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove organic 

materials. 

 
4. If the equipment is contaminated or suspected to be contaminated with oil, grease, PAHs, PCBs, or 

other hard to remove organic materials, rinse the equipment with pesticide-grade isopropanol. 
 
5. Rinse the equipment with deionized water. 
 
6. To the extent possible, allow components to air dry. 
 
7. If the equipment is to be used immediately after decontamination, screen it with a calibrated PID/FID 

to ensure that all solvents (if they were used) and trace contaminants have been adequately 
removed. 

 
8. After the equipment has dried, wrap it in aluminum foil for storage until use. 
 
Dredges employed in sediment sampling are typically decontaminated as follows: 
 

• Remove the sediment sample from the sampling device 
  

• If sufficient associated surface water is available at the sampling site, place the dredge in the water 
and flush to remove visible sediment.   

 

• Extract the dredge and wash it in soap and water per the project-specific planning documents. 
 

CAUTION 
When handling dredges, the primary safety concern is trapping fingers or extremities in 

the larger dredge samplers within the jaws or pinch points of the mechanical jaws.  Keep 
hands, fingers, and extremities away from these pinch and compression points.  Either 

handle the device by the rope or preferably lock the jaws in place to control the potential 
for closing during maintenance and/or cleaning. 
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7.3 Contact Waste/Materials 

During the course of field investigations, disposable/single-use equipment becomes contaminated.  
These items include tubing, trowels, PPE (gloves, overboots, splash suits, etc.), and broken sample 
containers.  
 
With the exception of the broken glass, single-use articles should be cleaned (washed and rinsed) of 
visible materials and disposed as normal refuse. The exception to this rule is that extremely soiled 
materials that cannot be cleaned shall be containerized for disposal in accordance with applicable federal, 
state, and local regulations. 
 
7.3.1 Investigation-Derived Wastes - Decontamination Wash Waters and Sediments 

NOTE 
Requirements for waste storage may differ from one facility to the next.  Facility-specific 

directions for waste storage areas will be provided in project-specific documents, or 
separate direction will be provided by the Project Manager. 

 
1. Assume that all investigation-derived waste (IDW) generated from decontamination activities contains 

the hazardous chemicals associated with the site unless there are analytical or other data to the 
contrary.  Waste solution volumes could vary from a few gallons to several hundred gallons in cases 
where large equipment required cleaning. 

 
2. Where possible, use filtering systems to extend the use of water within a closed system wash unit to 

recycle water and to reduce possible waste amounts.  
 

NOTE 
Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent 

containers) that can be sealed until ultimate disposal at an approved facility. 

 
3. Label waste storage containers appropriately labeled (see Attachment A). 
 
4. Ensure that the IDW storage area is configured to meet the following specifications to permit access 

to the containers and to conduct spill/leak monitoring, sampling, and extraction when the disposal 
route is determined: 

 
- Enclose areas accessible by the general public using construction fencing and signs. 
 
- Stored materials in 55-gallon drums on pallets with four (or fewer) drums per pallet. 

 
- Maintain the retaining bolt and label on the outside of storage containers where readily visible. 
 
- Provide at least 4 feet of room between each row of pallets to allow access to containers for 

sampling, drum removal, and spill response. 
 

- As directed in project-specific planning documents, maintain an IDW Inventory List and provide 
the list to the site Point of Contact at the termination of each shift. 

 
- Maintain spill response equipment at the IDW storage area in case it is required for immediate 

access.   
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- Where possible, use equipment for moving containers.  Where not possible, obtain help to 
manipulate containers.  
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CAUTION 
Each container of water can weigh up to 490 pounds.  Each 55-gallon drum of wet soil 
can weigh more than 750 pounds.  Fill drums and temporary containers to 80 percent 

capacity to minimize spill and handling difficulties.  Use drum carts to move filled drums.  
 

See safe lifting techniques provided in Section 4.4 of the Tetra Tech NUS, Inc. Health 
and Safety Guidance Manual. 

 
When placing drums, keep your fingers out of pinch and smash points such as between 
the drums.  In some cases such as well development and/or purge water, you can place 

the drums to be filled on the pallet and transport materials in smaller easier to handle 
containers. 

 
7.4 Decontamination Evaluation 

Upon decontamination of equipment, determine the effectiveness of the decontamination process in the 
following manner: 
 

• Visual evaluation – A visual evaluation will be conducted to ensure the removal of particulate matter.  
This shall be done to ensure that the washing/rinsing process is working as intended. 

 

• Instrument Screening – A properly calibrated PID/FID should be used to evaluate the presence of site 
contaminants and solvents used in the cleaning process.  The air intake of the instrument shall be 
passed over the article to be evaluated.  Avoid placing the instrument probe into residual waters.  A 
PID/FID reading greater than the daily established background level requires a repeat of the 
decontamination process, followed by rescreening with the PID/FID.  This sequence must be 
repeated until no instrument readings greater than the daily established background level are 
observed.  It should be noted that the instrument scan is only viable if the contaminants are 
detectable within the instrument’s capabilities. 

 

NOTE 
When required by project-specific planning documents, collection of rinsate blanks (see 

next step) shall be completed without exception unless approval to not collect these 
samples is obtained from the Project Manager. 

 

• Collection of Rinsate Blanks – It is recommended that rinsate samples be collected to: 
 
 - Evaluate the decontamination procedure representing different equipment applications (pumps 

versus drilling equipment) and different decontamination applications. 
 
 - Single-use disposable equipment – The number of samples should represent different types of 

equipment as well as different lot numbers of single-use articles. 
 
 - The collection and the frequency of collection of rinsate samples are as follows unless specified 

differently in the project-specific planning documents: 
 

• Per decontamination method 

• Per disposable article/batch number of disposable articles 
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NOTE 
 It is recommended that an initial rinsate sample be collected early in the project to 

ensure that the decontamination process is functioning properly and to avoid using a 
contaminated batch of single-use articles.  It is recommended that a follow-up sample be 
collected later during the execution of the project to ensure that those conditions do not 

change.   
Rinsate samples collection may be driven by types of and/or levels of contaminant. 

Difficult to remove contaminants, oils/greases, some PAHs/PCBs, etc. may also support 
the collection of additional rinsates due to the obvious challenges to the decontamination 

process.  This is a field consideration to be determined by the FOL.  
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EXECUTIVE SUMMARY 

This Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP) was prepared according to United 

States Environmental Protection Agency (USEPA) Quality Assurance Project Plan (QAPP) requirements 

for a Remedial Investigation (RI) of Site 12, Harbor Dredge Spoil Area, located at Naval Station (NS) 

Great Lakes, Great Lakes, Illinois.  This UFP-SAP was prepared by Tetra Tech NUS, Inc. (Tetra Tech) on 

behalf of Naval Facilities Engineering Command (NAVFAC) Midwest under Contract Number 

N62470-08-D-1001, Contract Task Order (CTO) F27A.  This SAP was generated in accordance with 

applicable United States Navy, Illinois Environmental Protection Agency (Illinois EPA), and USEPA 

requirements, regulations, guidance, and technical standards. 

 

Site 12 is located in a flat area on the shore of the NS Great Lakes Outer Harbor, and is approximately 

3.5 acres.  Site 12 is currently a grass-covered field that is used as a picnic and recreational area.  A 

gravel road transects the site from north to south and terminates in a gravel parking lot on the south 

against a concrete pier.  The only structure on the site is a picnic pavilion overlooking the lake.  The only 

other notable feature is a drainage ditch which emerges from the bluff on the west and extends eastwards 

across the site to Lake Michigan.  During harbor dredge activities in 1952 and in the 1970s, dredge spoils 

were reportedly disposed of in this area.  The sediment dredged from the harbor may have high organic 

content, and potentially contain heavy metals, oils, pesticides, and polychlorinated biphenyls (PCBs).  

The primary sources of the environmental contaminants in the sediments are from upstream industrial 

sources (historical discharges and contamination) and storm water discharges within the Pettibone Creek 

Watershed.  Overland runoff and storm water discharges from Naval Station Great Lakes to Pettibone 

Creek may have contributed pollutants to the watershed, but  analytical results do not suggest that a 

significant point source(s) is(are) impacting the sediment quality of Pettibone Creek. 

 

A Remedial Investigation (RI) Verification Step was conducted by Dames & Moore (1991) at the site.  Fill 

materials, encountered during the investigation of soil borings appeared to have the physical composition 

of lake dredge spoils.  Surface and subsurface soil samples were collected and analyzed for volatile 

organic compounds (VOCs), heavy metals, pesticides, and PCBs.  Several metals, including antimony, 

cadmium, copper, lead, mercury, selenium, silver, and zinc were detected at concentrations above 

representative background values throughout the areal extent of the site and at depth down to at least 

8 feet below ground surface (bgs).  Pesticides DDD, DDE, and DDT were also detected in near surface 

soils throughout the areal extent of the site.  

 

Data collected during the field investigation for the Site 12 RI will used to determine if chemical 

concentrations are present at greater than acceptable risk-based human health levels. Risks to 

macroinvertabrates from erosion into the harbor will be evaluated.  The possible outcomes of this RI are 
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No Further Action (NFA) if chemical concentrations are less than acceptable human health or ecological 

risk levels, or a Feasibility Study (FS) to evaluate alternatives address the site risks. 

 

 

 



Project-Specific SAP – Worksheet #1 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 5 of 93 CTO F27A 

SAP Worksheets  
 
SAP Worksheet #1 -- Title and Approval Page ..................................................................................................... 2 
SAP Worksheet #2 -- SAP Identifying Information ................................................................................................ 9 
SAP Worksheet #3 – Distribution List ................................................................................................................. 10 
SAP Worksheet #4 -- Project Personnel Sign-Off Sheet .................................................................................... 11 
SAP Worksheet #5 -- Project Organizational Chart ............................................................................................ 12 
SAP Worksheet #6 -- Communication Pathways ................................................................................................ 13 
SAP Worksheet #7 – Personnel Responsibilities and Qualifications Table ........................................................ 14 
SAP Worksheet #8 -- Special Personnel Training Requirements Table ............................................................. 16 
SAP Worksheet #9 -- Project Scoping Session Participants Sheet .................................................................... 17 
SAP Worksheet #10 – Conceptual Site Model .................................................................................................... 19 
SAP Worksheet #11 -- Project Quality Objectives/Systematic Planning Process Statements ........................... 25 
SAP Worksheet #12 -- Measurement Performance Criteria Table Field Quality Control Sample  ..................... 30 
SAP Worksheet #13 -- Secondary Data Criteria and Limitations Table .............................................................. 31 
SAP Worksheet #14 -- Summary of Project Tasks ............................................................................................. 32 
SAP Worksheet #15 -- Reference Limits and Evaluation Table .......................................................................... 38 
SAP Worksheet #16 -- Project Schedule/Timeline Table .................................................................................... 48 
SAP Worksheet #17 -- Sampling Design and Rationale ..................................................................................... 49 
SAP Worksheet #18 -- Sampling Locations and Methods/SOP Requirements Table ........................................ 51 
SAP Worksheet #19 -- Analytical SOP Requirements Table .............................................................................. 53 
SAP Worksheet #20 -- Field Quality Control Sample Summary Table ............................................................... 57 
SAP Worksheet #21 -- Project Sampling SOP References Table ...................................................................... 58 
SAP Worksheet #22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table ................... 59 
SAP Worksheet #23 -- Analytical SOP References Table .................................................................................. 60 
SAP Worksheet #24 -- Analytical Instrument Calibration Table .......................................................................... 63 
SAP Worksheet #25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table ...... 67 
SAP Worksheet #26 -- Sample Handling System ............................................................................................... 68 
SAP Worksheet #27 – Sample Custody Requirements Table ............................................................................ 69 
SAP Worksheet #28 -- Laboratory QC Samples Table ....................................................................................... 72 
SAP Worksheet #29 – Project Documents and Records Table .......................................................................... 80 
SAP Worksheet #30 – Analytical Services Table ................................................................................................ 81 
SAP Worksheet #31 – Planned Project Assessments Table .............................................................................. 82 
SAP Worksheet #32 -- Assessment Findings and Corrective Action Responses ............................................... 83 
SAP Worksheet #33 -- QA Management Reports Table ..................................................................................... 84 
SAP Worksheet #34 -- Verification (Step I) Process Table ................................................................................. 85 
SAP Worksheet #35 -- Validation (Steps IIa and IIb) Process Table .................................................................. 87 
SAP Worksheet #36 – Analytical Data Validation (Steps IIa and IIb) Summary Table ....................................... 89 
SAP Worksheet #37 -- Usability Assessment ..................................................................................................... 90 
 
List of Figures 

 
Figure 10-1: General Location Map 
Figure 10-2: Site Overview Map 
Figure 10-3: Historical Soil Sampling Locations 
Figure 10-4: Conceptual Site Model 
Figure 17-1: Proposed Soil Boring Location Map 
 
Appendices 
 
Appendix A Health and Safety Plan 
Appendix B Historic Maps and Aerial Photographs  
Appendix C Human Health Risk Assessment Work Plan 
Appendix D Laboratory Standard Operating Procedures 
Appendix E Field Standard Operating Procedures 
Appendix F Project Action Limit Reference Tables 
Appendix G Quality Control Limits 
 



Project-Specific SAP – Worksheet #1 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 6 of 93 CTO F27A 

ACRONYMS AND ABBREVIATIONS 

AES   Atomic Emissions Spectrometry 

ARARs  Applicable or Relevant and Appropriate Requirements 

bgs  Below ground surface 

BTU  British Termal UnitCA   

CAS  Chemical Abstract Service 

CCV  Continuing Calibration Verification 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

CFR Code of Federal Regulations  

CLEAN Comprehensive Long-Term Environmental Action Navy 

CLP   Contract Laboratory Program 

COPC  Constituent of potential concern 

CSM  Conceptual Site Model 

CTO  Contract Task Order 

DI   Deionized  

DFTPP   Decafluorotriphenylphosphine 

DL  Detection Limits 

DoD   Department of Defense 

DOT  Department of Transportation 

DPT  Direct-push technology 

DQI   Data Quality Indicator 

DQO   Data Quality Objective 

DVM  Data Validation Manager 

ECD  Electron Capture Detector 

EDD  Electronic Data Deliverable 

EE/CA  Engineering Estimate/Cost Analysis 

Empirical Empirical Laboratories, LLC 

EPA  Environmental Protection Agency 

EU  Exposure Unit 

FOL  Field Operations Leader 

FS  Feasibility Study 

FTMR  Field Task Modification Request 

GC   Gas Chromatograph 

GC/MS   Gas chromatograph/mass spectrometer 

GPS  Global Positioning System 

HASP   Health and Safety Plan 
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HHRA  Human Health Risk Assessment 

HI  Hazard Index 

HQ  Hazard Quotient 

HSA  Hollow-stemmed Auger 

HSM  Health and Safety Manager 

IAC  Illinois Administrative Code  

IAS  Initial Assessment Study 

ICAL  Initial Calibration 

ICP   Inductively Coupled Plasma 

IDW   Investigation-derived waste 

ILCR  Incremental Lifetime Cancer Risk 

JULIE  Joint Utility Locating Information for Excavators 

LCS   Laboratory Control Sample 

LCSD  Laboratory Control Sample Duplicate 

LOQ  Limits of Quantitation  

MDL  Method Detection Limit 

MS  Matrix Spike 

MSD   Matrix Spike Duplicate 

MSL  Mean Sea Level 

NA  Not Applicable 

NAD  North American Datum 

NAVD  North American Vertical Datum 

NAVFAC Naval Facilities Engineering Command 

NFA  No Further Action 

NIRIS  Naval Installation Restoration Information Solution 

NS  Naval Station 

NV  No Value 

OPNAV  Office of the Chief of Naval Operations 

ORNL  Oak Ridge National Laboratory 

OSHA  Occupational Safety and Health Administration 

PAL  Project Action Limit 

PAH  Polynuclear Aromatic Hydrocarbon 

PCB   Polychlorinated biphenyl 

PDF  Portable Document Format 

PLC  Product Line Coordinator 

PM  Project Manager 

PPE  Personal protective equipment 
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PQL  Project Quantitation Limit 

PQLG  Project Quantitation Limit Goal 

QA   Quality Assurance 

QAM  Quality Assurance Manager 

QAO  Quality Assurance Officer 

QAPP   Quality Assurance Project Plan 

QC   Quality Control 

QL  Quantitation limit 

QSM  Quality Systems Manual 

RCRA   Resource Conservation and Recovery Act 

RI   Remedial Investigation 

RPD   Relative Percent Difference 

RPM   Remedial Project Manager 

RSD  Relative Standard Deviation 

RSL  Regional Screening Level 

SAP   Sampling and Analysis Plan 

SDG   Sample Delivery Group 

SOP   Standard Operating Procedure 

SPCS  State Plane Coordinate System 

SQL  Structured Query Language 

SSO  Site Safety Officer 

SVOC   Semivolatile organic compound 

TACO  Tiered Approach to Corrective Action Objective 

TAL  Target Analyte List  

TCL  Target Compound List 

TCLP  Toxicity Characteristic Leaching Procedure 

Tetra Tech Tetra Tech, Inc. 

UCL  Upper Confidence Level 

UFP-SAP  Uniform Federal Policy-Sampling and Analysis Plan 

USEPA  United States Environmental Protection Agency 

VOC  Volatile organic compound 
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SAP Works hee t #2 -- SAP Identifying  Information  

(UFP-QAPP Manual Section 2.2.4) 
 
Site Name/Number:  Site 12, Harbor Dredge Spoil Area 
Operable Unit:  NA 
Contractor Name:  Tetra Tech NUS, Inc. (Tetra Tech) 
Contract Number:  N62470-08-D-1001 
Contract Title:  Comprehensive Long-Term Environmental Action Navy (CLEAN)  
Work Assignment Number: Contract Task Order (CTO) F27A 
 
 
1.  This Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP or SAP) was prepared in 

accordance with the requirements of the United States Environmental Protection Agency (USEPA) 
Uniform Federal Policy for Quality Assurance Plans (UFP-QAPP) (2005) and USEPA Guidance for 
Quality Assurance Project Plans, EPA QA/G-5, (2002).  

 
2. Identify regulatory program:   

 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)  

  
3.   This document is a project-specific SAP.  
 
4. List dates of scoping sessions that were held:   

 
Data Quality Objective (DQO) Scoping Session – December 2, 2009 

    
5. List dates and titles of any SAP documents written for previous site work that are relevant to the   

current investigation.  
 

                                         Title Date 
Initial Assessment Study (IAS), Great Lakes Naval Complex  
(Rogers, Golden & Halpern, 1986)  1986 
  
Technical Memorandum on the Remedial Investigation  
Verification Step for the Naval Training Center, Great Lakes,  
Illinois (Dames & Moore, 1991)  1991 
  
Remedial Investigation Work Plan, Site 4 – Fire Fighting  
Training Unit, Site 12 – Harbor Dredging Spoil Area, Naval  
Training Center, Great Lakes, Illinois (Halliburton NUS, 1993)  1993   
 

6. List organizational partners (stakeholders) and connection with lead organization: 
 

Illinois Environmental Protection Agency (EPA) – regulatory oversight 
NAVFAC Midwest – property owner 

 
7. Lead organization 
 

Department of the Navy, Naval Facilities Engineering Command (NAVFAC) Midwest 
 
8. If any required UFP-SAP elements or required information are not applicable to the project or are 

provided elsewhere, then note the omitted SAP elements and provide an explanation for their 
exclusion below: 

 
All required elements are included in this SAP. 
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SAP Works hee t #3 – Dis tribu tion  Lis t    

(UFP-QAPP Manual Section 2.3.1) 
  

 
Name of SAP Recipient 

 
Title/Role 

 
Organization 

 
Telephone Number 

 
E-Mail Address  

Howard Hickey Product Line Coordinator 
(PLC)/ Program Manager NAVFAC Midwest (847) 688-2600 X 243 Howard.Hickey@navy.mil 

Terese Van Donsel Remedial Project Manager  
(RPM) NAVFAC Midwest (847) 688-2600 X 136 Terese.VanDonsel@navy.mil 

Brian Conrath Illinois Remedial Project 
Manager (RPM) Illinois EPA (217) 557-8155 Brian.Conrath@illinois.gov 

Biff Cummings Project Manager (PM) Tetra Tech  (412) 920-7021 biff.cummings@tetratech.com 

Tom Johnston Atlantic Quality Assurance 
Manager (QAM) Tetra Tech (412) 921-8615  tom.johnston@tetratech.com 

Matt Soltis Health and Safety Manager 
(HSM) Tetra Tech (412)921-8912 Matt.Soltis@tetratech.com 

Ann Cognetti Project Chemist Tetra  Tech (412) 921-8862 ann.cognetti@tetratech.com 

Kim Kostzer Laboratory  P M 
Empirical  
Laboratories, LLC 
(Empirical) 

(615) 345-1115 X 240 kkostzer@empirlabs.com 

TBD 
Field Operations Leader 
(FOL)/Site Safety Officer 
(SSO) 

Tetra Tech TBD TBD 

Lee Leck Database Manager Tetra Tech (412) 921-8856 lee.leck@@tetratech.com 

Joseph Samchuck Data Validation Manager 
(DVM) Tetra Tech (412) 921-8510 joseph.samchuck@tetratech.com 

Glenn Wagner Administrative Record 
Assistant Tetra Tech (412) 220-2211 Glenn.wagner@tetratech.com 
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Revision Number: 0 

Revision Date: July 2010 

SAP Worksheet #4 — Project Personnel Sign-Off Sheet 
(UFP-QAPP Manual Section 2.3.2) 

Name Organization/Title/Role Telephone Number Signature/Email 
Receipt 

SAP Section Reviewed Date SAP Read 

Navy and Regulator Project Team Personnel 

Terese Van 
Donsel 

NAVFAC Midwest/RPM (847) 688-2600 X 136 See Worksheet #1 All 

Brian Conrath Illinois RPM (217) 557-8155 See Worksheet #1 All 

Tetra Tech Project Team Personnel 

Biff Cummings Tetra Tech/PM (412) 920-7021 See Worksheet #1 All 

Chuck Metz Tetra Tech/FOUSSO (412) 921-8214(.4.4. \"0----..-  ' 	All I)-"Zt-TO 

Ann Cognetti 
Tetra Tech/Project 

Chemist 
(412) 921-8862 

f I Il 	e0 
All II 

-c2O-Id 

Matt Soltis 
Tetra Tech/Health and 

Safety Manager 
(412) 921-8912 See HA P 

Health and Safety Plan 
(HASP) 

Joe 
Samchuck 

Tetra Tech/Data 
Validation Manager 

(1--  (412) 921-8510 	 ( All a - .?. ---/a 
Subcontractor Personnel 

Kim Kostzer EmpiricaVLaboratory PM (615) 345-1115 X 240 Aca-Z 7,/---.4-7 . 
WThorIgh9eet #6,#12, 

#23-28, 
	##144, 

#36 
6-22-11 

070904/P 
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SAP Works hee t #5 -- P ro jec t Organiza tiona l Chart 

(UFP-QAPP Manual Section 2.4.1) 
 
 
 
Lines of Authority    Lines of Communication 

 
 
  
 

Terese Van 
Donsel 

NAVY RPM 
(847) 688-2600 

X 136 
 

Biff Cummings 
Tetra Tech PM 
(412) 920-7021  

 

Matt Soltis 
Tetra Tech 

HSM 
(412) 921-8912 

Tetra Tech Support Staff 
DVM 

Chemists 
Environmental Engineers 

Geologists 
 

 

Tetra Tech Field 
Staff 

FOL/SSO/  
TBD 

 
 

Brian Conrath 
Illinois EPA  

(217) 557-8155 

Ken Bowers 
NAVY QA Officer  
(757) 322-8341 

 

Tom Johnston 
Tetra Tech/ Atlantic 

QAM 
(412) 921-8615 

Ann Cognetti 
Tetra Tech 

Project Chemist 
(412) 921-8862 

 

Field 
Subcontractors 
Surveyor/TBD 

Driller/TBD 
Environmental Field 

Services 

Kim Kostzer 
Empirical/ 

Laboratory PM 
(615)-345-1115 

X240 
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SAP Works hee t #6 -- Communica tion  Pa thways  

(UFP-QAPP Manual Section 2.4.2) 
 

 
Communication Driver 

 
Responsible Affiliation 

 
Name 

 
Phone Number 
and/or E-Mail 

 
Procedure  

(timing, pathway to & from, etc.) 

Issues in the field that 
result in changes in 
scope of field work 

Tetra Tech FOL 
Tetra Tech PM 

TBD 
Biff Cummings 

TBD 
(412) 920-7021 

FOL will inform PM within one business 
day; PM will inform Navy RPM by close of 
next working day. Document the changes 
on a field task modification request (FTMR) 
form and obtain required approvals within 5 
days of initiating the form 

Identification of the need 
for a change in schedule Tetra Tech PM Biff Cummings (412)  920-7021 Inform Navy via schedule impact letter 

within 1 business day 

Recommendation to 
stop work and initiate 
work upon corrective 
action 

Tetra Tech FOL/SSO 
Tetra Tech PM 
Tetra Tech QAM 
Tetra Tech HSM 
Navy RPM 

TBD 
Biff Cummings 
Tom Johnston 
Matt Soltis 
Terese Van Donsel 

TBD 
(412) 920-7021 
(412) 921-8615 
(412) 921-8912 
(847) 688-2600 
X 136  

Responsible party informs subcontractors, 
the Navy, Illinois EPA, and Project Team 
(see Worksheet #9) within one business 
day. 

Analytical data quality 
issues 

Empirical Laboratory PM 
Tetra Tech Project 
Chemist  

Kim Kostzer  
Ann Cognetti 

(615) 345-1115 
X 240 
(412) 921-8862 

Notify Tetra Tech Project Chemist within 
one business day. 
Tetra Tech Notify data validation staff and 
Tetra Tech PM within one business day. 

 
Notes: 
TBD – To be determined. 
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SAP Works hee t #7 – Pers onne l Res pons ib ilitie s  and  Qualifica tions  Table  

(UFP-QAPP Manual Section 2.4.3) 
 

 
Name 

 
Title/Role 

 
Organizational 

Affiliation 

 
Responsibilities 

 
Education and/or Experience 

Qualifications  

Brian Conrath RPM Illinois EPA Makes sure that investigation work and documentation 
is in compliance with applicable regulations. Available upon request 

Terese Van 
Donsel Navy RPM Navy Manages project and coordinates Project Team (see 

Worksheet #9). Available upon request 

Kim Kostzer Laboratory PM Empirical  Primary laboratory contact; ensures analyses are 
performed in accordance with SAP protocols. Available upon request 

Biff Cummings PM Tetra Tech 
Oversees project, financial, scheduling and technical 
day-to-day management of the project.  Overall 
coordination of the project and document review. 

B.S. Civil Engineering, 31 years 
environmental engineering experience 

Lee Leck Data Manager Tetra Tech 
Assists in SAP preparation, makes sure that data 
management activities are performed in accordance 
with SAP procedures. 

17 years of data management 
experience 

Joseph 
Samchuck DVM Tetra Tech Manages data validation deliverables. B.S. Chemistry, M.S., Finance, 24 

years of environmental experience 

TBD FOL, SSO Tetra Tech Supervises, coordinates, and performs field sampling 
activities. 

Information will be provided in the 
Final SAP. 

Tom Johnston QAM Tetra Tech 
Assists in SAP preparation.  Makes certain of 
implementation of quality aspects of the CLEAN 
program. 

B.S. Chemistry, Ph.D. Chemistry; 30 
years environmental experience 

Ann Cognetti Project Chemist Tetra Tech 

Prepares laboratory scope, coordinates with laboratory, 
and performs data quality review.   Coordinates 
analyses with laboratory chemists, makes sure the 
scope is followed, reviews Quality Assurance (QA) data 
packages, and communicates with Tetra Tech staff. 

M.S. Chemistry,1 years environmental 
experience 

Matt Soltis HSM Tetra Tech Oversees CLEAN Program Health and Safety Program. B.S. Industrial Safety Sciences, 
24 years environmental experience 
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In some cases, one person may be designated responsibilities for more than one position.  For work conducted under this UFP-SAP, the FOL will 
also be responsible for SSO and Site QA/QC responsibilities.  This action will be performed only as credentials, experience, and availability 
permits. 
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SAP Works hee t #8 -- Spec ia l Pe rs onne l Tra in ing  Requirements  Table  

(UFP-QAPP Manual Section 2.4.4) 
 
Each site worker will be required to have completed a 40-hour course (and 8-hour refresher, if applicable) 

in health and safety training as described under Occupational Safety and Health Administration (OSHA) 

29 Code of Federal Regulations (CFR) 1910.120(b)(4).  Safety requirements are addressed in greater 

detail in the site-specific Tetra Tech HASP included in Appendix A.  
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SAP Works hee t #9 -- P ro jec t Scoping  Ses s ion  Partic ipants  Sheet 

(UFP-QAPP Manual Section 2.5.1) 
 
 
Project Name:  Site 12 RI 
Projected Date(s) of Sampling: Summer 
2010 
Project Manager:  Biff Cummings 
 

 
Site Name:  Site 12 – Harbor Dredge Spoil Area 
 
Site Location:  NS Great Lakes, Great Lakes, Illinois 
 

Date of Session:  December 2-4, 2009 

Scoping Session Purpose:  DQO Scoping Session 
Project 
Team 
Member 

Title, Affiliation Phone # E-Mail Address Project 
Role 

Biff Cummings PM, Tetra Tech (412)920-7021 biff. cummings@tetratech.com Project 
Manager 

Robert Davis Technical Consultant, Tetra 
Tech (412) 921-7251 robert.davis@tetratech.com Technical 

Consultant 

Tom Johnston QAM, Tetra Tech (412)921-8615 tom.johnston@tetratech.com DQO 
Facilitator 

Li Wang Environmental Scientist, 
Tetra Tech 

(412) 920-7015 li.wang@tetratech.com Technical 
Support 

David Morgan Risk Assessor, Tetra Tech (412) 921-8509 david.morgan@tetratech.com Risk 
Assessment 

Shannon Hill Geologist, Tetra Tech (412) 921-8876 shannon.hill@tetratech.com Geologist 
 

Comments/Decisions:  None.  

 

Action Items:   

• Dave Morgan and Li Wang:  Identify Soil and Groundwater Criteria (TACO and RSLs) 

 

• Kelly Carper: Select Chemical Analysis Methods to ensure sensitivity is low enough that limits of 

quantitation (LOQs) and detection limits (DLs) will be less than the screening criteria. 

 

• Shannon Hill and Li Wang:  Review past reports to determine past soil sampling technique(s) - Note 

that solid stem auger was used in 1991 Tech Memo RI Verification Step. 

 

• Dave Morgan:  Verify criterion for Pb evaluations. 

 

• Bob Davis:  Clarify potential exposure unit (EU) size based on land use and zoning regulations 

(completed during meeting). 

 

• Biff Cummings and Bob Davis: Verify receptors list and related CSMs. 
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• Tom Johnston: Do statistical calculations with help of statistician if necessary. 

 

• Biff Cummings: Confer with the Navy RPM regarding the proposed approach and develop a 

consensus with Illinois EPA RPM and the Navy Chemist.  

 

Subsequent Discussions and Decisions:  

Following the initial scoping meeting, conferences were held with the Tetra Tech PM and the Navy RPM, 

(Terese Van Donsel). Additionally, related discussions were held between the Navy RPM and the Illinois 

EPA RPM (Brian Conrath) and the Navy Chemist (Ken Bowers). The subsequent discussions concluded 

that: 

 

• Due to the sizable amount of past sampling data at both the Site and within Pettibone Creek, which is 

considered to be the source area of sediment removed from the harbor and placed at Site 5, the 

number of sampling locations should be limited to the amount that can statistically support an 

assessment of risk (10 sampling locations). 

 

• Sampling should be limited to soil only.  Groundwater is not to be sampled since its condition is more 

likely related to surface water (Lake Michigan) influences rather than site contaminants and on-site 

flow.  However, groundwater samples may be collected if review of the soil data by the project team 

warrants further investigation. 

 

• Sample locations were selected based on a judgmental approach and with consensus and 

confidence of the Project Team that sampling will detect and provide a representation of any 

contamination occurring at the Site.    

 

• Two soil samples should be collected from each sampling location for testing; one from each of the 

surface and subsurface soil stratas.  

 

• The collected samples should be tested for semivolatile organic compounds (SVOCs), polynuclear 

aromatic hydrocarbons (PAHs), metals, and pesticides (20 total). Half of the samples collected from 

the subsurface soil strata should be tested for polychlorinated biphenyls PCBs (5 total). Samples shall 

be selected based on visual observations. 
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SAP Works hee t #10 – Conceptua l S ite  Mode l 

(UFP-QAPP Manual Section 2.5.2) 
 
10.1 SITE BACKGROUND 

NS Great Lakes covers 1,632 acres within Lake County, Illinois (See Figure 10-1).  Lake County is 

located in northeastern Illinois, and is composed of 24 miles of Lake Michigan shoreline.  Lake County is 

divided into 18 townships, 52 incorporated cities and villages, and 18 unincorporated cities and villages. 

 

NS Great Lakes provides facilities and related support to training activities, including the Navy’s only boot 

camp, as well as a variety of other military commands located on base.  Land uses vary in the areas 

surrounding NS Great Lakes.  Along the northern boundary of the base are mostly highly urbanized and 

industrialized areas.  Much of the land beyond the northwestern site boundary comprises unincorporated 

lands of Lake County, and is vacant except for scattered commercial and residential properties.  Adjacent 

to the western boundary are primarily industrial properties, and along the southern boundary is a mixture 

of public open space and residential land.   

 

Site 12 is located in a flat area on the shore of the NS Great Lakes Outer Harbor, south of a stormwater 

retention basin (see Figure 10-2), and is approximately 3.5 acres in size.  The stormwater retention basin 

was constructed between 1991 and 2002 over the former location of the tanks that were part of the 

installation’s sewage treatment plant (shown on the inset 1974 aerial photo on Figure 10-2). (The 

installation’s sewage is now treated offsite by the local municipal wastewater treatment plant.)  

Figure 10-2.  Site 12 is a grass-covered field rising westward from the shore of Lake Michigan, and is 

bounded on the western edge by a wooded bluff that is 50 to 60-feet high (see Figure 10-2).  The site is 

currently used as a picnic and recreational area and the only structure on the site is a picnic pavilion 

overlooking the lake.  An archery range was reportedly situated on the northern portion of the site, 

immediately south of the stormwater retention basin; however, its presence at the site could not be 

verified from the aerial photo.  A gravel road transects the site from north to south and terminates in a 

gravel parking lot on the south, against a concrete pier.  The only other notable feature is a drainage ditch 

which emerges from the bluff and extends eastward across the site to Lake Michigan. 

 

During harbor dredging activities in 1952 and the 1970s, dredge spoils from the boat slip area in the 

harbor were reportedly disposed in Site 12 (Rogers, Golden & Halpern, 1986).  The harbor area receives 

flow from Pettibone Creek, which drains stormwater from the base and a number of off-base industries 

upstream of NS Great Lakes. The primary sources of the environmental contaminants in the sediments 

are from upstream industrial sources (historical discharges and contamination) and storm water 

discharges within the Pettibone Creek Watershed.  Overland runoff and storm water discharges from 

Naval Station Great Lakes to Pettibone Creek may have contributed pollutants to the watershed, but  
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analytical results do not suggest that a significant point source(s) is(are) impacting the sediment quality of 

Pettibone Creek. Chemicals in the runoff may have settled in the sediments (Rogers, Golden & Halpern, 

1986).  An Initial Assessment Study (IAS) was performed at NS Great Lakes in 1986.  The IAS identified 

seven sites, including Site 12, as requiring further study within NS Great Lakes. The area of Site 12 that 

may have received fill between 1950 and 1990 is shown on Figure 10-2.in Figure 10-2.  Dames & Moore 

(1991) reviewed aerial photographs taken between 1946 and 1985 which indicated evidence of some 

filling and other modifications to Site 12 over this period.  However, these filling activities do not coincide 

with or closely follow the reported dates of harbor dredging;  therefore, the filling activities may not be 

related to the disposition of dredge spoils, as originally reported by the IAS (Dames & Moore, 1991).  

Dames & Moore (1991) reported that discussions with personnel at the base regarding the 1970s 

dredging operations indicated that spoils from this period were placed in the lake approximately 5 miles 

from shore.  Installation personnel were not able to provide personal knowledge of the 1952 dredging 

operations.  After the Dames & Moore (1991) report was issued, the stormwater retention pond was 

installed and an additional portion of Site 12 along Lake Michigan was filled in (Figure 10-2).  Past 

development activities at the Site are documented on historic maps and aerial photographs.  These maps 

and photographs are presented in Appendix B and are summarized in Section 10.2 of this document.  

The Dames and Moore report (1991) also notes that in the late 1980s, there were piles of soil and plant 

debris on Site 12.  The soil and debris presumably came from other locations at NS Great Lakes.  The 

sediment reportedly dredged from the harbor and deposited on Site 12 could have high organic content, 

and may contain heavy metals, oils (i.e., SVOCs and PAHs), pesticides, and PCBs from industries 

upstream of the NS Great Lakes. 

 

Based on the recommendations of the IAS, Dames & Moore (1991) conducted the RI Verification Step on 

five of the seven sites identified in the IAS, including Site 12.  Surface and subsurface soil samples were 

collected from various locations at Site 12 during in two sampling events in December 1988 and in March 

1989 and were analyzed for volatile organic compounds (VOCs), metals, pesticides and PCBs.  The 

samples from March 1989 exceeded laboratory holding times and were considered invalid. The site was 

resampled in August 1989. See Figure 10-3 for sample locations.  Thirty-three surface and subsurface 

soil samples were collected from 11 soil borings.  The pesticide and PCB data were validated and 

considered to be usable.  The laboratory data for VOCs and metals could not be validated using USEPA 

Level III protocol for several technical and administrative reasons. Because the VOC and metals data 

were not validated they were presented in the Dames & Moore (1991) Technical Memorandum but not 

used in that report’s conclusions and recommendations.  

 

The following summarizes the results of the previous investigation as presented in the RI Verification 

Step):  

 



Project-Specific SAP – Worksheet #10 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 21 of 93 CTO F27A 

• VOCs were analyzed in 14 surface and 28 subsurface soil samples collected in 1988 from 14 boring 

locations. Only four VOCs (acetone, 2-butanone, methylene chloride, and toluene) were detected.  All 

of these compounds are common laboratory contaminants; therefore, they made be present in the 

laboratory results as a laboratory artifact. Based on the unvalidated VOC data and the fact that no 

VOCs were reported in excess of applicable criteria in the Site 17 RI and in the Harbor sampling data, 

VOCs are not considered potential contaminants of concern (COPCs) at Site 12.  With that said, it is 

still possible that VOCs could be present in the Site 12 soil.  Therefore, laboratory VOC analysis 

(using encore sample kits) will be performed on up to 4 samples depending on PID readings that are 

collected at the 10 proposed soil sample locations.   

 

• Heavy metals were analyzed in 14 surface and 28 subsurface soil samples collected in 1988 from 14 

boring locations.  Several metals were detected at the site in concentrations exceeding background 

soil concentrations provided in TACO. Metals are considered COPCs at Site 12 and will be 

investigate further. 

 

• Pesticides were analyzed in 11 surface and 22 subsurface soil samples collected in 1989 from 11 

boring locations. Pesticides are considered COPCs at Site 12 and will be investigate further. 

 
• PCBs were analyzed in 33 soil samples collected in 1989, but were not detected above the detection 

limits in any samples. However, PCBs are still considered COPCs at Site 12 and will be investigate 

further.  

 
• SVOCs have not been analyzed in soil samples from Site 12. They are considered COPCs at Site 12 

and will be investigate further. 

 

• The areal extent of contaminants encompasses the entire site area identified in the IAS.  The vertical 

extent of contamination was not determined; however, because metals were detected at the greatest 

depth sampled (i.e., 8 feet bgs), contamination probably extends below this depth.  Boring should 

extend through the dredge spoil to the natural soil layer which is expected to be 10 to 15 feet bsg. 

 

10.2 HISTORICAL MAPS AND AERIAL PHOTOGRAPHS AND SITE DOCUMENTATION 

The following information was identified during a review of NS Great Lakes historical drawings and 

photographs, which are provided in Appendix B. 
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Drawing/Photo 
Date Description 

1907 Topographic 
Map 

• Harbor had not been constructed.  
• No above ground structure is identifiable in the area of Site 12. 

1909 General Plan • Inner Harbor had been constructed.  
1923 Boundary 

Survey 
• Harbor had been constructed.  
• No above ground structures are shown in the drawing. 

1929 Drawing • No above ground structures are shown in the area of Site 12. 
1930 Drawing • No above ground structures are shown in the area of Site 12. 
1936 Sounding 
Contour Lines • No significant changes are identifiable at Site 12. 

1939 Aerial Photo • The whole naval station was depicted in the aerial map. 
1941 Drawing • No significant change is identifiable at Site 12. 

1943 Drawing 

• Shoreline changed in the area of Site 12, with land surface extended 
eastward slightly into Lake Michigan.  Backfilling and leveling of the site 
may have occurred. 

• Shows several above ground treatment units were added to the 
sewage treatment plant to the north of Site 12.  The shoreline in the 
southeast part of the sewage treatment plant also changed, and 
backfilling and leveling in this area may also have occurred. 

1946 Drawing, 
1949, 1950, and 
1957 Plot Plans  

• No significant change is identifiable at Site 12. 

1958 and 1959 
Base Map and 

1961 Aerial Photo 

 
• Shoreline slightly changed at Site 12. 

1974 Aerial Photo • Shows two gravel roads at Site 12. 
1988 Aerial Photo • The sewage treatment plant to the north of site 12 is still present. 

2002 Aerial Photo 

• The sewage treatment plant to the north of site 12 is no longer present. 
• Shoreline at Site 12 changed significantly and extended eastward into 

the lake. 
• Shows the above ground structure, gravel road and parking lot 

discussed in Section 10.1. 
2006 Harbor 

Bathymetry Map 
• The bottom contour in the harbor changed significantly compared to 

the 1936 sounding contour lines. 
 

10.3 CONCEPTUAL SITE MODEL 

This section presents the conceptual site model (CSM), including a discussion of potential contaminants, 

site hydrogeology, possible contaminant migration pathways and potential human health and ecological 

risks.  This conceptual site model is depicted on Figure 10-4.  

 

Potential Contaminants 

Contaminants potentially affecting soil from past on-site activities include heavy metals, pesticides, PCBs, 

polyaromatic hydrocarbons (PAHs), and SVOCs that may be associated with contaminants from dredge 

spoils or other materials that may have been placed at the site. 
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Hydrogeology 

Site 12 is located in a flat area on the lakeshore.  Ground elevations at the site are approximately 585 feet 

above mean sea level (msl), and only a few feet above lake level.  The surface consists of hard-packed 

gravel, sand, and silt covered with weeds and grasses, underlain by approximately 100 feet of glacial till 

over bedrock.  The composition of the underlying till is believed to be primarily clay, but no data are 

available to confirm this.  Various mixtures of primarily sand and gravel, with construction debris and 

lesser amounts of silt and clay were encountered when shallow borings were installed by Dames & Moore 

in 1988.  This is indicative of filling and active sorting by wave action of the lake, as would be expected by 

lake dredging.  Dames & Moore reported that during soil boring installation, additional debris was being 

deposited at this site, and that during the last sampling event in August 1989 the site was being 

developed for recreational purposes.  

 

Shallow hydrogeology at NS Great Lakes is complex and includes several perched aquifers found mostly 

in discontinuous sand lenses within layers of clay and silty clay.  The shallow aquifer located along the 

shoreline at the installation has a depth to groundwater between 2 and 5 feet bgs due to the proximity of 

the lake.  The overall groundwater flow direction at Site 12 is expected to be strongly influenced by Lake 

Michigan water levels. This water is not potable and is not utilized at NSGL or the surrounding area.  The 

remaining aquifer system is known as the deep aquifer system, with depths ranging from 900 to 

1,900 feet bgs.  The shallow aquifer system recharges from local rainfall infiltration, while the deep aquifer 

system receives sources from areas of central Wisconsin. Surface runoff drains directly into Lake 

Michigan.  Groundwater quality at Site 12 has not been evaluated but is expected to have little influence 

on lake conditions due to an extensive amount of dilution and dispersion.   

 

Contaminant Migration Pathways 

The following contaminant migration routes and release mechanisms have been identified for potential 

contaminants at Site 12: 

 

Soil:   Site 12 is largely unpaved; therefore, surface and/or subsurface soil contamination in the spoils 

area may release contaminants through leaching, erosion/runoff and dust emission.  Infiltration of surface 

precipitation could result in leaching of contaminants from the fill material (e.g. dredge spoils) and, 

thereby impact native soil underlying the fill and downgradient groundwater.  Data from past 

investigations suggest that surface soils could be impacted.  Surface soil could have eroded and migrated 

overland as a result of runoff, which enters Lake Michigan eventually as there is no storm water collection 

system at Site 12.  Impacted soil can be emitted to the air through wind erosion and be transmitted to 

human or ecological receptors, such as macroinvertabrate, at the site or in the lake.  However, wind and 

water erosion mechanisms are not expected to be significant because the ground cover serves to limit the 
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erosion of soils. Additionally, it is unknown whether clean fill has been placed over the dredge spoil.  If 

clean fill is present it will limit the access to the spoils and potential discharges by mechanical means to 

the environment and receptors.  The native soil is expected to be 10 to15 feet bgs.  

 

Groundwater:   Because of its proximity to Lake Michigan, groundwater levels and groundwater quality at 

the site are expected to fluctuate and be directly influenced by changes in lake level.  Impacts of 

groundwater on the surface water as a result of the contaminants in the dredge spoils are expected to be 

slight due to an extensive amount of dilution and dispersion within the lake.  

 

Surface Water:  Stormwater runoff from the site is not collected; it is discharged to Lake Michigan directly.  

As discussed above, much of Site 12 is vegetated; therefore, stormwater runoff is not expected to be 

significant.   

 

Potential Receptors 

Human receptors potentially exposed to contaminants at Site 12 include people who use the site as a 

picnic and recreational area, workers who maintain the recreational area and construction workers.  

There are no plans to redevelop this site; however, if it were to be redeveloped in the future for residential 

purposes, then residents and trespassers would be possible receptors.  These receptors could be 

exposed to chemicals in surface soil through direct contact exposure pathways (i.e., incidental ingestion 

of soil, dermal contact with soil, and inhalation of chemicals volatilized from soil or emitted with dust from 

the soil).  The construction worker could be exposed to chemicals in subsurface soil through direct 

contact exposure pathways.  If Site 12 is redeveloped in the future and subsurface soil is brought to the 

surface as part of the redevelopment, future residents, occupational workers, recreational users, or 

adolescent and adult trespassers could be exposed to chemicals in subsurface soil through direct contact 

exposure pathways.  A further description of potential human receptors and exposure routes is provided 

in the human health risk assessment (HHRA) methodology in Appendix C. 

 

Potential ecological receptors include aquatic macroinvertebrate in Lake Michigan. Ecological risks to 

macroinvertabrates from erosion of the contaminated soil into the harbor will be evaluated.  No 

threatened or endangered species are known to occur on or near Site 12.  
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SAP Works hee t #11 -- P ro jec t Qua lity Objec tives /Sys tematic  P lanning  Proces s  

S ta tements   

(UFP-QAPP Manual Section 2.6.1) 
 

11.1 PROBLEM DEFINITION 

Based on data collected during past investigations, it has been determined that soil at Site 12 may be 

contaminated with metals, PCBs, pesticides, PAHs, and SVOCs from the fill material (dredged sediments 

from the harbor or unkown fill sources).  Human and ecological receptors (macroinvertabrates) could be 

at risk if they are exposed to contaminated soil.  The nature and extent of contamination, if any, at Site 

12, and the degree of risk to human and ecological receptors (macroinvertabrates ) are unknown and 

must be characterized so that appropriate actions can be taken to mitigate unacceptable risks.  If risks 

are acceptable, then no further action (NFA) will be recommended for the site.   
 

11.2 INFORMATION INPUTS 

To resolve the problem identified in Section 11.1, the following physical and chemical data will be 

collected at Site 12: 

 

1) Surface soil and subsurface soil chemical data will be collected to determine the nature and extent of 

Target Compound List (TCL), PAHs, SVOCs, PCBs, pesticides, and Target Analyte List (TAL) metals 

(see Worksheet #15).  The sampling methods are presented in Worksheet #18, and the chosen 

analytical methods are presented in Worksheet #19 and Appendix D.  Analytical methods were 

selected to provide enough sensitivity to support the attainment of project objectives.  

 

2) Visual screening of Direct Push Technology (DPT) cores will also be used to determine the presence 

of dredge spoils or other materials that may contribute to contamination.  Tetra Tech SOP SA-1.3 

(Appendix E) will be used to conduct the screening.  

 
3) To estimate the limit of dredge spoils, it will only be necessary to use visual observation of samples 

collected from soil borings.   

 

4) Illinois EPA background concentrations for metals and polynuclear aromatic hydrocarbons (PAHs) 

(35 IAC 742 Appendix A: Table G.  Concentrations of Inorganic Chemicals in Background Soils) will 

be used to ensure that measured soil concentrations consistent with background concentrations are 

not inadvertently considered to be contaminated. 

 
5) Locations of soil borings will be measured by a global positioning system (GPS) with sub-meter 

accuracy.  All horizontal surface coordinates will be surveyed using the North American Datum (NAD) 
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83 SPCS Illinois East (feet) coordinate system.  All ground surface elevations will be reported using 

the North American Vertical Datum (NAVD) 1988. 

 

6) Lithology data for borings.  These data will be collected during boring operations and sampling will be 

done in accordance with Tetra Tech SOPs (SOP GH-1.5 in Appendix E) and Illinois state regulations. 

 
7) Water level readings will be performed in the test borings immediately upon completion to help with 

sample selection.  

 
Project Action Limits 

The Site 12 RI requires the collection of chemical data that can be used to characterize the site and 

conduct a screening level human health risk assessment.  The soil Project Action Limits (PALs) are set at 

the lowest matrix-specific, risk-based or regulatory human health screening criteria appropriate for the 

site.  The complete list of applicable screening values for the selected analytes is presented in 

Worksheet #15, and the derivation of PALs is provided in Appendix F. The PALs for this investigation are 

as follows: 

 

• USEPA, 2009.  Residential Regional Screening Levels for Chemical Contaminants in Soil at 

Superfund Sites developed by Oak Ridge National Laboratory (ORNL).  

 

• Illinois Pollution Control Board, 2007.  Title 35 of the Illinois Administrative Code (IAC) Section 742: 

TACO, Appendix C, Table A, B, C, Tier 1 Soil Remediation Objectives. 

 

• Threshold Effects Concentration from MacDonald, D.D., C.G. Ingersoll, and T.A. Berger, 2000.  

“Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater 

Ecosystems.”  Archives of Environmental Contamination and Toxicology, Vol. 39, pp. 20-31. 

 

• Ontario Ministry of Environment (OMOE), 1993.  Guidelines for the Protection and Management of 

Aquatic Sediment Quality in Ontario.  Ontario Ministry of Environment and Energy.  August. 

 

• Illinois EPA, 2000.  Tiered Approach for Evaluation and Remediation of Petroleum Product Releases 

to Sediments.  Draft, Update 2.  Office of Chemical Safety. September 21. 

 

To conduct the investigation of soil, the selected laboratory must be able to achieve limits of quantitation 

(LOQs) that are low enough to measure constituent concentrations below the PALs.  Worksheet #15 is 

the first step used to select chemicals of potential concern (COPCs) as stated in Appendix C, Human 

Health Risk Assessment Work Plan based on the PALs.  If the PAL falls below the MDL for a particular 
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analyte or analytes, this will require evaluation of these chemicals as stated in Appendix C, Human Health 

Risk Assessment Work Plan in the uncertainty section of the Risk Assessment Report. 

 

11.3 TEMPORAL AND SPATIAL BOUNDARIES 

Site 12 is spatially bounded by the former location of the sewage treatment plant on the north, an 

approximately 50-foot high wooded bluff on the west, a concrete pier on the south, and Lake Michigan on 

the east (Figure 10-2).  For this evaluation, if a risk assessment is required, the site will be evaluated as 

one exposure unit.   

 

Two major soil fill populations are of interest.  For contaminant delineation, a population of soil fill (as 

opposed to native soil) with chemical concentrations exceeding the applicable screening criteria must be 

delineated to determine the extent of contamination.  Bounding this population are chemical 

concentrations in soil fill that are less than or equal to the applicable screening criteria and considered 

uncontaminated.  Because the project focus is to establish contamination related to dredge spoils within 

Site 12, it is important to stay within the established Site 12 boundary, and to avoid investigating 

contamination unrelated to dredge spoils.  This means that areas located physically upgradient of dredge 

spoils, such as north of the bulkhead wall and west of the bluff, are not of interest.  The depth to native 

soils beneath the dredge spoils is of interest in order to define the vertical extent of the spoil. 

 

Within these two soil populations, the Project Team must distinguish between surface and subsurface soil 

because they are treated differently for risk assessment.  Surface soil is defined for this project to be 0 to 

6 inches bgs.  Subsurface soil is defined to be soil from the bottom of the surface soil interval to the depth 

where native soil is encountered. 

 

The Project Team plans to limit the data collection to a single field event, after which a decision will be 

made about whether to deem NFA for the site or, to proceed to a Feasibility Study (FS).   Sampling in the 

warmer months is preferred to winter sampling because of problems that occur with ground freezing and 

discomfort to field crews.  Site 12 RI field activities will be conducted late 2010 or early 2011. 

 

11.4  ANALYTIC APPROACH 

Decision rules are provided below for delineating contamination and for evaluating human health and 

ecological risks.   
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Rule for Delineating Contamination 

The vertical extent of contamination will be determined by analyzing contaminant concentrations and 

making visual observations of samples obtained from the soil borings.  Historical aerial photographs and 

physical limitations will primarily be used to establish the lateral boundaries of the dredge spoil deposition. 

If contamination is bounded during the initial sampling event, then no more data will be collected and 

delineation is complete.  If delineation is not complete, then return to the site for additional data collection 

to complete delineation.  

 

Rule for Human Health Assessment of Soil 

For the human health risk assessment of soil, risks and hazard indices will be calculated for direct contact 

exposures to soil. The rules governing data use for the human health risk assessment for all chemicals 

except lead are as follows: 

 

• If the Incremental Lifetime Cancer Risk (ILCR) is greater than 1 x 10-4 or if the HQ is between 0.1 

and 1 for any receptor or the hazard quotient (HQ) is greater than 1, the Project Team will proceed to 

a FS in order to evaluate remedial alternatives. 

 

• If the ILCR is within the target risk range of 1 x 10-6 to 1 x 10-4, and if the HQ is between 0.1 and 1 for 

residential receptors, and chemical-specific Applicable or Relevant and Appropriate Requirements 

(ARARs) are exceeded, the Project Team will meet to consider risk management options such as an 

engineering estimate/cost analysis (EE/CA) or a FS.   

 

• If the risks are less than risk thresholds for residential receptors (ILCR less than 1 x 10-6, and HQ less 

than 1.0), NFA will be recommended.    

 

If lead is a COPC in soil, then the USEPA models for evaluating direct contact exposures to lead in soil 

(child lead model and adult lead model) will be used. In this case, if calculated blood lead levels in child or 

adult receptors exceed USEPA guidelines of less than 5 percent of the target populations (young children 

and adult females) having blood lead levels exceeding 10 micrograms per deciliter, then an FS will be 

recommended; otherwise, an NFA will be recommended (with respect to lead only). 

 

Risk estimates for soil will be based on the 95 percent upper confidence level (UCL) for all chemicals 

except lead; lead risk estimates will be based on the mean concentration of lead.  Human receptors for 

which risks will be evaluated are identified in the CSM in Worksheet #10.  Even though residential risk is 

used as the basis for decisions, all receptor risks will be evaluated in accordance with the CSM and 

documented in the project report to support an FS or any other future work that is conducted. 
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11.5 PERFORMANCE OR ACCEPTANCE CRITERIA 

Since substantial data had already been collected from the Site and from Pettibone Creek, which was the 

source area for the dredged sediments at Site 12, it was determined by the Project Team that 10 samples 

of each media would be collected during the RI.  Ten samples are the minimum number of samples 

required to achieve the specified decision performance if the inputs are correct.  The sampling design 

was based on a judgmental approach utilizing data from past sampling events and knowledge of historical 

construction activities.   

 

11.6 DATA COLLECTION PLAN 

The data collection design and rationale are presented in Worksheet #17. 

 



- 
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SAP Works hee t #12 -- Meas urement Performance  Crite ria  Table  Fie ld  Quality Con tro l Sample   

(UFP-QAPP Manual Section 2.6.2) 
 

 

QC Sample Analytical Group Frequency 
Data Quality Indicators 

(DQIs) 
Measurement 

Performance Criteria 

QC Sample 
Assesses Error 

for Sampling (S), 
Analytical (A) or 

both (S&A) 

Field Duplicate All Fractions One per 10 field 
samples collected. Precision Relative Percent 

Difference (RPD) < 30% S&A 

Cooler Temperature 
Indicator All Fractions One per cooler. Representativeness 

Temperature between 2 
and 6 degrees Celsius (4 
± 2 °C). 

S 
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SAP Works hee t #13 -- Secondary Da ta  Crite ria  and  Limita tions  Table  

(UFP-QAPP Manual Section 2.7) 
 

Secondary Data 

 

Data Source 

 
Data Generator(s) How Data Will Be Used 

Limitations on Data 
Use 

Historical Aerial 
Photographs NS Great Lakes  

NS Great Lakes Aerial 
Photographs taken from 1939 to 
2002 

Aerial photographs were 
used to identify possible 
sources of contamination 
and active dates of use. 

No Limitations. 

Previous Site 
Investigation Dames & Moore 

Technical Memorandum on the 
Remedial Investigation 
Verification Step for the Naval 
Training Center, Great Lakes, 
Illinois, 1991 

Soil sampling locations and 
analysis data were used to 

help establish sampling 
locations and parameters 

for testing. 

VOC and metal data 
could not be 

validated and cannot 
be used; pesticide 

and PCB data were 
validated and can be 

used. 
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SAP Works hee t #14 -- Summary of Pro jec t Tas ks  

(UFP-QAPP Manual Section 2.8.1)   
   
Site 12 RI field tasks are summarized below.  All data recording and management procedures are 

described in Worksheet #29. 

 
• Mobilization/demobilization 

• Site-specific health and safety training (see HASP) 

• Utility clearance/digging permit acquisition 

• DPT boring 

• Investigation-derived waste (IDW) management 

• Land surveying 

• Field decontamination procedures 

• Field documentation procedures 

• Analytical tasks 

• Data management tasks 

 
14.1 MOBILIZATION/DEMOBILIZATION 

Mobilization will consist of the delivery of all equipment, materials, and supplies to the site, the complete 

assembly in satisfactory working order of all equipment at the site, and the satisfactory storage at the site 

of all materials and supplies.  Tetra Tech will coordinate with the base to identify locations for the storage 

of equipment and supplies.   

 

Demobilization shall consist of the prompt and timely removal of all equipment, materials, and supplies 

from the site following the completion of work.  Demobilization will also include the cleanup and removal 

of waste generated during the investigation. 

 
14.2 UTILITY CLEARANCE/DIGGING PERMIT AQUISITION 

Potential underground utilities will be located and marked after a review of property maps and surface 

indications of utilities.  See SOP HS-1.0 in Appendix E for locating underground utilities.  The utility 

clearance will include contacting the Illinois one call system Joint Utility Locating Information for 

Excavators (JULIE) and NS Great Lakes Public Works personnel.  Digging permits will be obtained prior 

to conducting intrusive activities. 
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14.3 DPT BORING 

Soil will be collected from two intervals: surface and subsurface soils. Surface soil will be collected 0 to 

6 inches below the ground surface. Subsurface soil will be and 6 inches below the ground surface to the 

depth where native soil is encountered. Soil sampling will occur at 10 locations using DPT.  Therefore, a 

total of 20 soil samples will be collected.  Each soil interval will be visually inspected and any signs of 

potential contamination (such as odor or staining) will be noted.  These data will be used to select the soil 

sample to be tested.  For each interval, a sample will be collected from an area where odor or staining 

was located.  The methodology for sample collection is described in SOP SA-2.5 in Appendix E.  All 

borings will be logged in accordance with SOP GH-1.5.  The sample numbering scheme will be in 

accordance with SOP CT-04.  Methods for recording data are included in SOP SA-6.3.  

 

14.4 WATER LEVEL MEASUREMENTS 

Water level measurements will be collected in the open borings and included on the boring logs.   

 

14.5 INVESTIGATION-DERIVED WASTE MANAGEMENT 

IDW will consist of decontamination water from cleaning field equipment and soil cuttings.  Personal 

Protective Equipment (PPE), such as nitrile gloves or groundwater sampling tubing, will be disposed of as 

municipal waste and placed in a nearby dumpster.  All other IDW will be containerized by Tetra Tech in 

Department of Transportation (DOT) -approved (DOT specification 17C) 55-gallon drums, labeled as 

IDW, and stored in a centralized location.  Tetra Tech SOP SA-7.1 (Decontamination of Field Equipment) 

is provided in Appendix E and details general procedures for management and labeling of IDW.    

 

Under oversight by Tetra Tech, the drilling subcontractor(s) will be responsible for providing, filling, 

sealing, and moving the drums to a centralized area specified by the base point of contact during 

mobilization.  The drums must be generally clean prior to moving to the centralized storage area, and will 

be labeled by Tetra Tech with an IDW label (see Attachment A of Tetra Tech SOP SA-7.1 in Appendix E) 

as soon as possible after they are filled.  The drums will be arranged into rows (no more than two drums 

deep) by the drilling subcontractor(s), with liquids and solids segregated, for easy access. 

 

One composite IDW sample will be collected by Tetra Tech to characterize the solid waste for proper 

disposal.  The IDW solid sample will be submitted to Empirical for toxicity characteristic leaching 

procedure (TCLP) VOCs, SVOCs, pesticides, herbicides, and metals and NS Great Lakes required 

analyses [BTU; flash point; pH; reactive with acid, base, and water; reactive with cyanide and sulfide; 

PCBs; water content (karl fisher); and paint filter test].  One aqueous IDW sample of decontamination 

water will be submitted to Empirical for TCL SVOCs, Pesticides, PCBs, and TAL Metals. The samples will 
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be submitted to the laboratory with a 7-day turnaround time.  Analytical data for the two IDW samples will 

then be provided to NS Great Lakes for characterization of the solid and aqueous wastes and 

determination of proper disposal methods.  NS Great Lakes will be responsible for contracting an 

approved IDW vendor to properly dispose of the IDW drums.  Manifests for the IDW disposal will be 

maintained by NS Great Lakes.  Copies of the manifest will be included in the RI report. 

 

14.6 LAND SURVEYING 

A GPS with sub-meter accuracy survey will be used to locate the soil sampling locations.  Horizontal 

locations shall be referenced to the Illinois State Plane Coordinate System (SPCS), North American 

Datum of 1983 (NAD 83).  Vertical locations (elevations) shall be referenced to Mean Sea Level, North 

American Vertical Datum 1988 (NAVD 88).   

 

14.7 FIELD DECONTAMINATION PROCEDURES 

Sample containers that are certified clean will be provided by Empirical.  Decontamination of sampling 

equipment will be conducted prior to and between sampling at each location.  At each site, an 

abbreviated decontamination procedure consisting of a soapy water (laboratory-grade detergent) rinse 

followed by a deionized (DI) water rinse will be performed.  However, if free product is encountered, a 

more elaborate decontamination of equipment will be conducted in accordance with Tetra Tech 

SOP SA-7.1. 

 

14.8 FIELD DOCUMENTATION PROCEDURES 

Field documentation will be performed in accordance with SOP SA-6.3 presented in Appendix E. 

 

A summary of all field activities will be properly recorded in a bound logbook with consecutively numbered 

pages that cannot be removed.  Logbooks will be assigned to field personnel and will be stored in a 

secured area on base when not in use.   

 

At a minimum, the following information will be recorded in the site logbook: 

 

• Name of the person to whom the logbook is assigned. 

• Project name. 

• Project start date. 

• Names and responsibilities of on-site project personnel including subcontractor personnel. 

• Names, affiliations, and arrival/departure times of site visitors. 

• Descriptions and arrival/departure times of on-site equipment. 
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• Sampling activity information and sample log sheet references. 

• Descriptions of subcontractor activities. 

• Sample information including chain-of-custody form numbers and air bill numbers, carrier, time, and 

date. 

• Descriptions of borehole and monitoring well installation activities and operations. 

• Health and safety issues. 

• Descriptions of photographs including date, time, photographer, picture number, location, and 

compass direction of photograph, and what the photo is intending to show. 

 

All entries will be written in ink, and no erasures will be made.  If an incorrect entry is made, the person 

making the correction will strike a single line through the incorrect information, write in the correct 

information and initial and date the change. 

 

14.9 ANALYTICAL TASKS 

Chemical analysis will be performed by Empirical.  Empirical is a current Department of Defense 

Environmental Laboratory Accreditation Program (DoD ELAP) approved laboratory.  A copy of the 

laboratory certification for can be found in Appendix D.  Analyses will be performed in accordance with 

the analytical methods identified in Worksheet #19.  Empirical is expected to meet the PALs to the extent 

identified in Worksheet #15.  Empirical will perform chemical analysis following laboratory-specific SOPs 

(Worksheets #19 and #23) developed based on the analytical methods listed in Worksheets #19 and 

#30.  Copies of the Laboratory SOPs are included in Appendix D.  

 

14.10 DATA MANAGEMENT TASKS 

This section describes how the project information will be managed, organized, and maintained for 

efficient use by project personnel.  The information management process is outlined from the point of 

data generation to ultimate storage. 

 

Sample Collection and Field Measurements Data Package Deliverables 

Sample collection data will be collected in accordance with the sample collection SOPs in Appendix E.  In 

addition, calibration data will also be provided in accordance with the SOPs in Appendix E. 

 

Off-site Laboratory Data Package Deliverables 

Data package deliverable requirements are detailed in SAP Worksheet #30 (Analytical Services).   
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Data packages will be provided as both hardcopy and portable document format (.PDF).  Empirical 

Laboratories will provide a Naval Installation Restoration Information Solution (NIRIS)-compatible 

electronic data deliverable (EDD).  Data packages will be contract laboratory program (CLP)-equivalent 

(i.e., they will contain CLP-equivalent summary forms and raw data).  The standard turnaround time for 

analytical services is 28 calendar days.  Turnaround time will be measured from the laboratory receipt of 

the last samples in a sample delivery group (SDG).  SDGs must contain 20 samples (no more than 20 

and only less if the entire sampling event had less than 20 samples).  Data will be stored by the analytical 

laboratory for 5 years. 

 

Data Reporting Formats 

Field data will be recorded in the field.  Examples of the forms to be used in the field are presented in 

Appendix E of this SAP.  

 

Data Handling and Management 

The data-handling procedures to be followed by the laboratory will meet the standard Tetra Tech 

requirements in the laboratory subcontracts.  The analytical and field data will be maintained in the project 

files.  The project files will contain hard copies of the chain-of-custody forms, sample log forms, sample 

location maps, and documentation of QA of data manipulation.  These forms are included in the 

applicable SOPs in Appendix E of this SAP. 

 

Data Tracking and Control 

A “cradle-to-grave” sample tracking system will be used from the beginning to the end of the investigation.  

Before field mobilization, the Tetra Tech FOL will coordinate/initiate the sample tracking process.  If using 

e-DATA, the Tetra Tech FOL will print the sample jar labels at the time of sampling.  The Tetra Tech FOL 

will review the labels for completeness of information and adherence to sampling plan requirements, as 

well as for accuracy.  The Tetra Tech FOL and/or Tetra Tech PM will make sure that the analytical 

laboratory is aware of the number and type of samples and analyses that are about to be requested. 

 

When field sampling is underway, the Tetra Tech FOL will forward the chain-of-custody forms to the Tetra 

Tech PM or designee via facsimile at the end of each day.  The Tetra Tech PM or designee will compare 

the entries on the chain-of-custody forms with the sample tracking database, and enter the sample date 

and other sample information as appropriate.  The Tetra Tech PM or designee will also confirm that the 

chain-of-custody forms provide the information required by the sampling plan.  This will allow for early 

detection of errors made in the field so that adjustments can be made while the crew is mobilized.  After 

successful completion of the requested analyses, the laboratory will submit an EDD for every SDG.  
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When the EDDs have been received from the laboratory, the Tetra Tech PM will make sure that the 

laboratory performed the requested analyses.  Ideally, discrepancies will be noted early enough so that 

the samples can be analyzed within the prescribed holding times. 
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SAP Works hee t #15 -- Refe rence  Limits  and  Eva lua tion  Table  

(UFP-QAPP Manual Section 2.8.1) 
 
Matrix: Soil 
Analytical Group:  TAL Metals 
 

  

CAS Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

METALS SW-846 6010C (mg/kg)   
      ALUMINUM 7429-90-5 55000 EPA 18000 20 10 5 

ANTIMONY 7440-36-0 0.66 EPA 0.22 1.0 0.50 0.25 

ARSENIC 7440-38-2 0.0013 EPA 0.00043 0.25 0.20 0.15 

BARIUM 7440-39-3 300 EPA 100 2.0 1.0 0.50 
BERYLLIUM 7440-41-7 58 EPA 19 0.25 0.125 0.05 
CADMIUM 7440-43-9 1.4 EPA 0.47 0.25 0.125 0.05 
CALCIUM 7440-70-2 NC NC NC 1000 500 250 
CHROMIUM 7440-47-3 230 IL TACO 77 0.50 0.25 0.10 
COBALT 7440-48-4 0.49 EPA 0.16 0.60 0.40 0.20 

COPPER 7440-50-8 51 EPA 17 1.0 0.50 0.25 
IRON 7439-89-6 640 EPA 210 10 5.0 2.5 
LEAD 7439-92-1 107 IL TACO 36 0.50 0.25 0.10 
MAGNESIUM 7439-95-4 NC NC NC 1000 500 200 
MANGANESE 7439-96-5 57 EPA 19 1.0 0.50 0.25 
MERCURY 7439-97-6 0.03 EPA 0.01 0.03 0.02 0.01 
NICKEL 7440-02-0 48 EPA 16 1.0 0.50 0.25 
POTASSIUM 7440-09-7 NC NC NC 1000 500 200 
SELENIUM 7782-49-2 0.95 EPA 0.32 0.50 0.25 0.15 
SILVER 7440-22-4 1.6 EPA 0.53 0.50 0.25 0.15 
SODIUM 7440-23-5 NC NC NC 1000 500 200 
THALLIUM 7440-28-0 NC NC NC 0.50 0.25 0.15 
VANADIUM 7440-62-2 180 EPA 60 1.0 0.50 0.25 
ZINA 7440-66-6 680 EPA 230 2.0 1.0 0.50 
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Matrix: Soil 
Analytical Group:  TCL Semivolatiles (including low level PAHs) 
 

  

CAS 
Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

SVOCs including low level PAHs SW-846 8270C (μg/kg)    

BIS(2-CHLOROETHYL)ETHER 111-44-4 0.031 EPA 0.01 333 133 30 

2-CHLOROPHENOL 95-57-8 150 EPA 50 333 133 30 

PHENOL 108-95-2 6300 EPA 2100 333 133 30 
HEXACHLOROETHANE 67-72-1 2.9 EPA 0.97 333 133 30 

N-NITROSO-DI-N-PROPYLAMINE 621-64-7 0.0072 EPA 0.0024 333 133 30 

NITROBENZENE 98-95-3 0.079 EPA 0.026 333 133 30 

2-METHYLPHENOL 95-48-7 1500 EPA 500 333 133 30 
ISOPHORONE 78-59-1 23 EPA 7.7 333 133 30 

4-METHYLPHENOL 106-44-5 150 EPA 50 333 133 30 

1,1-BIPHENYL 92-52-4 19000 EPA 6300 333 133 30 
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 0.12 EPA 0.04 333 133 30 

2,4,5-TRICHLOROPHENOL 95-95-4 14000 EPA 4700 333 133 30 
2,4,6-TRICHLOROPHENOL 88-06-2 23 EPA 7.7 333 133 30 

2,4-DICHLOROPHENOL 120-83-2 130 EPA 43 333 133 30 

2,4-DIMETHYLPHENOL 105-67-9 860 EPA 290 333 133 30 
2,4-DINITROPHENOL 51-28-5 82 EPA 27 333 133 30 

2,4-DINITROTOLUENE 121-14-2 0.29 EPA 0.097 333 133 30 

2,6-DINITROTOLUENE 606-20-2 0.7 IL TACO 0.23 333 133 30 

2-CHLORONAPHTHALENE 91-58-7 15000 EPA 5000 333 133 30 
2-NITROANILINE 88-74-4 140 IL NON-TACO 47 333 133 30 
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 CAS 
Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        
2-NITROPHENOL 88-75-5 NC NC NC 333 133 30 
3,3'-DICHLOROBENZIDINE 91-94-1 0.98 EPA 0.33 333 133 30 

3-NITROANILINE 99-09-2 10 IL NON-TACO 3.3 333 133 30 

4,6-DINITRO-2-METHYLPHENOL 534-52-1 3.1 IL NON-TACO 1 333 133 30 

4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC 333 133 30 
4-CHLORO-3-METHYLPHENOL 59-50-7 4300 EPA 1400 333 133 30 
4-CHLOROANILINE 106-47-8 0.14 EPA 0.047 333 133 30 

4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC 333 133 30 
4-NITROANILINE 100-01-6 1.4 EPA 0.47 333 133 30 

4-NITROPHENOL 100-02-7 NC NC NC 333 133 30 
ACETOPHENONE 98-86-2 1100 EPA 370 333 133 40 
ATRAZINE 1912-24-9 0.19 EPA 0.063 333 133 30 

BENZALDEHYDE 100-52-7 810 EPA 270 333 133 55 
BIS(2-CHLOROETHOXY)METHANE 111-91-1 25 EPA 8.3 333 133 30 

BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 1100 EPA 370 333 133 30 
BUTYL BENZYL PHTHALATE 85-68-7 510 EPA 170 333 133 30 
CAPROLACTAM 105-60-2 4500 EPA 1500 333 133 67 
CARBAZOLE 86-74-8 600 IL TACO 200 333 133 30 
DIBENZOFURAN 132-64-9 820000 IL NON-TACO 270000 333 133 30 
DIETHYL PHTHALATE 84-66-2 12000 EPA 4000 333 133 30 
DIMETHYL PHTHALATE 131-11-3 NC NC NC 333 133 30 
DI-N-BUTYL PHTHALATE 84-74-2 9200 EPA 3100 333 133 30 
DI-N-OCTYL PHTHALATE 117-84-0 1600000 IL TACO 530000 333 133 30 
HEXACHLOROBENZENE 118-74-1 0.53 EPA 0.18 333 133 30 

HEXACHLOROBUTADIENE 87-68-3 1.7 EPA 0.57 333 133 30 

HEXACHLOROCYCLOPENTADIENE 77-47-4 680 EPA 53 333 133 30 
N-NITROSODIPHENYLAMINE 86-30-6 75 EPA 25 333 133 30 

PENTACHLOROPHENOL 87-86-5 5.7 EPA 1.9 333 133 30 
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 CAS 
Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

Low Level PAHs 

2-METHYLNAPHTHALENE    91-57-6 0.75 EPA 0.25 0.00667 0.00333 0.00167 
ACENAPHTHENE 83-32-9 22 EPA 7.3 0.00667 0.00333 0.00167 
ACENAPHTHYLENE 208-96-8 85 IL NON-TACO 28.3 0.00667 0.00333 0.00167 
ANTHRACENE 120-12-7 360 EPA 120 0.00667 0.00333 0.00167 
BENZO(A)ANTHRACENE 56-55-3 0.01 EPA 0.0033 0.00667 0.00333 0.00167 
BENZO(A)PYRENE   50-32-8 0.0035 EPA 0.00117 0.00667 0.00333 0.00167 

BENZO(B)FLUORANTHENE 205-99-2 0.035 EPA 0.0117 0.00667 0.00333 0.00167 
BENZO(G,H,I)PERYLENE 191-24-2 2300 IL NON-TACO 770 0.00667 0.00333 0.00167 
BENZO(K)FLUORANTHENE 207-08-9 0.35 EPA 0.117 0.00667 0.00333 0.00167 
CHRYSENE 218-01-9 1.1 EPA 0.37 0.00667 0.00333 0.00167 
DIBENZO(A,H)ANTHRACENE   53-70-3 0.011 EPA 0.0037 0.00667 0.00333 0.00167 
FLUORANTHENE 206-44-0 160 EPA 53.3 0.00667 0.00333 0.00167 
FLUORENE 86-73-7 27 EPA 9 0.00667 0.00333 0.00167 
INDENO(1,2,3-CD)PYRENE 193-39-5 0.12 EPA 0.04 0.00667 0.00333 0.00167 
NAPHTHALENE 91-20-3 0.00047 EPA 0.00016 0.00667 0.00333 0.00167 

PHENANTHRENE 85-01-8 200 IL NON-TACO 66.7 0.00667 0.00333 0.00167 
PYRENE 129-00-0 120 EPA 40 0.00667 0.00333 0.00167 
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Matrix: Soil 
Analytical Group:  PCBs 

  

CAS 
Number 

Project 
Action Limit 

(PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

PCBs SW-846 8082A (μg/kg) 
       AROCLOR-1016 12674-11-2 92 EPA 31 33 17 8 

AROCLOR-1221 11104-28-2 0.12 EPA 0.04 33 17 8 

AROCLOR-1232 11141-16-5 0.12 EPA 0.04 33 17 8 

AROCLOR-1242 53469-21-9 5.3 EPA 1.8 33 17 8 

AROCLOR-1248 12672-29-6 5.2 EPA 1.7 33 17 8 

AROCLOR-1254 11097-69-1 8 EPA 2.9 33 17 8 

AROCLOR-1260 11096-82-5 24 EPA 8 33 17 8 

TOTAL AROCLOR 1336-36-3 220 EPA 73 33 17 8 
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Matrix: Soil 
Analytical Group:  Pesticides  
 

  

CAS Number 
Project Action 

Limit (PAL)
(1) 

 

Project Action 
Limit 

Reference
(2)

 

Project 
Quantitation 
Limit Goal 

(3)
  

 Empirical  

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

PESTICIDES SW-846 8081B (μg/kg) 
       4,4' DDD 72-54-8 86 USEPA 28 0.66 0.33 0.16 

4,4'-DDE 72-55-9 60 USEPA 20 0.66 0.33 0.16 
4,4'-DDT 50-29-3 87 USEPA 29 0.66 0.33 0.16 
ALDRIN 309-00-2 0.84 USEPA 0.28 0.66 0.33 0.16 
ALPHA-BHC 319-84-6 0.074 USEPA 0.025 0.66 0.33 0.16 

ALPHA-CHLORDANE 5103-71-9 NC NC NC 0.66 0.33 0.16 
BETA-BHC 319-85-7 0.26 USEPA 0.087 0.66 0.33 0.16 

DELTA-BHC 319-86-8 NC NC NC 0.66 0.33 0.16 
DIELDRIN 60-57-1 0.09 USEPA 0.03 0.66 0.33 0.16 

ENDOSULFAN I 959-98-8 9,700 USEPA 3200 0.66 0.33 0.16 
ENDOSULFAN II 33213-65-9 9,700 USEPA 3200 0.66 0.33 0.16 
ENDOSULFAN SULFATE 1031-07-8 9,700 USEPA 3200 0.66 0.33 0.16 
ENDRIN 72-20-8 230 USEPA 77 0.66 0.33 0.16 
ENDRIN ALDEHYDE 7421-93-4 230 USEPA 77 0.66 0.33 0.16 
ENDRIN KETONE 53494-70-5 230 USEPA 77 0.66 0.33 0.16 
GAMMA-BHC (LINDANE) 58-89-9 0.43 USEPA 0.14 0.66 0.33 0.16 

GAMMA-CHLORDANE 5103-74-2 NC NC NC 0.66 0.33 0.16 
HEPTACHLOR 76-44-8 1.6 USEPA 0.53 0.66 0.33 0.16 
HEPTACHLOR EPOXIDE 1024-57-3 0.079 USEPA 0.026 0.66 0.33 0.16 

METHOXYCHLOR 72-43-5 3400 USEPA 1100 0.66 0.33 0.16 
TOXAPHENE 8001-35-2 12 USEPA 4 66 33 11 
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 Matrix: IDW Solids 
Analytical Group:  Toxicity Characteristic Leaching Procedure (TCLP) Metals 

Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L)

 

Empirical 

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

ARSENIC 7440-38-2 5 RCRA 40 CFR 261.24 1.7 0.1 0.03 

BARIUM 7440-39-3 100 RCRA 40 CFR 261.24 33 2 0.05 

CADMIUM 7440-43-9 1 RCRA 40 CFR 261.24 0.33 0.05 0.01 

CHROMIUM 7440-47-3 5 RCRA 40 CFR 261.24 1.7 0.1 0.02 

LEAD 7439-92-1 5 RCRA 40 CFR 261.24 1.7 0.03 0.015 

MERCURY 7439-97-6 0.2 RCRA 40 CFR 261.24 0.067 0.002 0.0008 

SELENIUM 7782-49-2 1 RCRA 40 CFR 261.24 0.33 0.05 0.03 

SILVER 7440-22-4 5 RCRA 40 CFR 261.24 1.7 0.1 0.01 
 

Matrix: IDW Solids 
Analytical Group:  TCLP VOCs  

Analyte 
CAS 

Number 

PAL
(4)  

 

(ug/L) 
PAL Reference 

PQLG  
(ug/L)

 

Empirical 

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

BENZENE 71-43-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

CARBON TETRACHLORIDE 56-23-5 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

CHLOROBENZENE 108-90-7 100 RCRA 40 CFR 261.24 33 0.01 0.0033 

CHLOROFORM 67-66-3 6 RCRA 40 CFR 261.24 2.0 0.01 0.0033 

1,2-DICHLOROETHANE 107-06-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

1,1-DICHLOROETHENE 75-35-4 0.7 RCRA 40 CFR 261.24 0.23 0.01 0.0033 

2-BUTANONE 78-93-3 200 RCRA 40 CFR 261.24 67 0.1 0.033 

TETRACHLOROETHENE 127-18-4 0.7 RCRA 40 CFR 261.24 0.23 0.01 0.0033 

TRICHLOROETHENE 79-01-6 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

VINYL CHLORIDE 75-01-4 0.2 RCRA 40 CFR 261.24 0.067 0.02 0.0033 
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Matrix: IDW Solids 
Analytical Group:  TCLP SVOCs  

Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L)

 

Empirical  

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

O-CRESOL 95-48-7 200 RCRA 40 CFR 261.24 67 0.05 0.01 

M-CRESOL 95-48-7 200 RCRA 40 CFR 261.24 67 0.05 0.01 

P-CRESOL 106-44-5 200 RCRA 40 CFR 261.24 67 0.05 0.01 

1,4-DICHLOROBENZENE 106-46-7 7.5 RCRA 40 CFR 261.24 2.5 0.05 0.01 

2,4-DINITROTOLUENE 121-14-2 0.13 RCRA 40 CFR 261.24 0.043 0.05 0.01 

HEXACHLOROBENZENE 118-74-1 0.13 RCRA 40 CFR 261.24 0.043 0.05 0.01 

HEXACHLORO-1,3-BUTADIENE 87-68-3 0.5 RCRA 40 CFR 261.24 0.17 0.05 0.01 

HEXACHLOROETHANE 67-72-1 3 RCRA 40 CFR 261.24 1.0 0.05 0.01 

NITROBENZENE 98-95-3 2 RCRA 40 CFR 261.24 0.67 0.05 0.01 

PENTACHLOROPHENOL 87-86-5 100 RCRA 40 CFR 261.24 33 0.2 0.02 

PYRIDINE 110-86-1 5 RCRA 40 CFR 261.24 1.7 0.2 0.02 

2,4,5-TRICHLOROPHENOL 95-95-4 400 RCRA 40 CFR 261.24 130 0.05 0.01 

2,4,6-TRICHLOROPHENOL 88-06-2 2 RCRA 40 CFR 261.24 0.67 0.05 0.01 
 
Matrix: IDW 
Analytical Group:  TCLP Pesticides 

Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG 
(ug/L)

 

Empirical  

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

CHLORDANE 57-74-9 0.03 RCRA 40 CFR 261.24 0.010 0.0005 0.0001 

ENDRIN 72-20-8 0.02 RCRA 40 CFR 261.24 0.0067 0.0001 0.00003 

HEPTACHLOR 76-44-8 0.008 RCRA 40 CFR 261.24 0.0027 0.0001 0.00003 

HEPTACHLOR EPOXIDE 1024-57-3 0.008 RCRA 40 CFR 261.24 0.0027 0.0001 0.00003 
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Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG 
(ug/L)

 

Empirical  

LOQ
  

(ug/L)
 

MDL  
(ug/L) 

LINDANE 58-89-9 0.4 RCRA 40 CFR 261.24 0.13 0.0001 0.00003 

METHOXYCHLOR 72-43-5 10 RCRA 40 CFR 261.24 3.3 0.0001 0.00003 

TOXAPHENE 8001-35-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.002 
 
Matrix: IDW 
Analytical Group:  TCLP Herbicides 

 

Analyte 
CAS 

Number 
PAL

(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L)

 

Empirical 

LOQ
 

(ug/L)
 

MDL  
(ug/L) 

2,4-D 94-75-7 10 RCRA 40 CFR 261.24 3.3 0.005 0.002 

2,4,5-TP (SILVEX) 93-72-1 1 RCRA 40 CFR 261.24 0.33 0.001 0.0002 
 
 
Notes: 
CAS = Chemical Abstract Service 
CFR = Code of Federal Regulations 
IL = Illinois 
MDL - Method Detection Limit   
RCRA = Resource Conservation Recovery Act  
TACO = Tiered Approach to Corrective Action Objectives 
mg/kg = Milligram per kilogram 
µg/kg = Microgram per kilogram 
mg = Milligrams 
NV = No Value. 
NC = Not Criteria. 
PAL = Project Action Limit 
PQLG = Project Quantitation Limit Goal 
 
 
1= The PAL is the lower screening value presented in either EPA or Illinois TACO criteria.  Appendix F screens all applicable screening criteria for 
each analyte and lists the lowest value.  Refer to Appendix F for the selection of each PAL. 
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2= The PAL reference is listed as either EPA for TACO (and NON – TACO) for each analyte based on the screening conducted in Appendix F for 
the lowest PAL value.  Refer to Appendix F for the exposure scenario that the PAL is based on. 
 
3= The Project Quantitation Limit Goal is one-third the value of the PAL. 
 
4= PALs for IDW management are based on disposal requirements in RCRA 40 CFR 261.24. 
   
Bolded cells indicate the PAL is less than the LOD but greater than the LOQ 
Shaded and bolded cells indicate the PAL is less than the LOD and LOQ. 
 
If the PAL falls below the MDL for a particular analyte or analytes, this will require evaluation of these chemicals as stated in Appendix B, Human 
Health Assessment Work Plan in the uncertainty section of the Risk Assessment Report. 
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SAP Works hee t #16 -- P ro jec t Schedule /Timeline  Table   

(UFP-QAPP Manual Section 2.8.2) 
 

 
Activity 

 
Organization 

 
Dates   

Deliverable 

 
Deliverable 
Due Date 

 
Anticipated Date  

of Initiation 

 
Anticipated Date of 

Completion 

Draft UFP-SAP/Field Sampling 
Plan/HASP Tetra Tech 10/3/09 3/23/10 Draft UFP-SAP 3/15/10 

Navy Review  NAVFAC Midwest  3/16/10 4/16/10 Navy Comments  4/16/10 

Resolve Comments Tetra Tech 4/19/10 4/23/10 Response to Comments 4/23/10 

Regulatory Review Illinois EPA 4/26/10 5/21/10 Illinois EPA Comments 5//21/10 

Resolve Comments Tetra Tech 5/22/10 12/17/10 Response to Comments 5/28/10 

Final UFP- SAP/Field Sampling 
Plan/HASP Tetra Tech 6/1/10 12/31/10 Final UFP-SAP 12/31/10 

Field Work and Chemical analysis Tetra Tech and Empirical 12/14/10 2/14/11 None None 

Field Data Review Tetra Tech 2/14/11 2/28/11 None None 

Data Validation Tetra Tech 2/28/11 3/28/11 None 3/28/11 

Data Analysis and 
Interpretation/Draft RI Report Tetra Tech 2/28/11 5/28/11 Draft RI Report 5/28/11 

Navy and Regulatory Review Navy and Illinois EPA 5/28/11 6/28/11 None None 

Resolve Comments Tetra Tech 7/211 8/2/11 Response to Comments 8/2/11 

Final RI Tetra Tech 8/3/11 10/1/11 Final RI Report 10/1/11 
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SAP Works hee t #17 -- Sampling  Des ign  and  Ra tiona le  

(UFP-QAPP Manual Section 3.1.1) 
 
Site 12 is an area where spoils from harbor dredging activities were suspected to be placed.  The area is 

now vegetated and serves as recreational area with a picnic pavilion, picnic tables, and access to 

approximately 500 feet of Lake Michigan shoreline.  Previous sampling activities were performed which 

partially characterized the nature and the extent (to a limited degree) of the spoil.  Surface conditions 

have changed at the Site since the previous sampling event.  Additionally, some of the data collected 

were not reproducible and therefore not usable to adequately and confidently characterize the site.  

 

The sampling objective is to determine if past dredge disposal activities have contributed to unacceptable 

contaminant concentrations in soil at the site.  A judgmental sampling approach will be used to evaluate 

contamination in the suspected source area, as discussed below.    Figure 17-1 shows the locations of 

the proposed soil boring samples.  Worksheet #18 provides a detailed description of the sampling 

methods to be used at Site 12.  Field QC samples, including field duplicates, and matrix spike/matrix 

spike duplicates (MS/MSD) will be collected as outlined in Worksheet #20.  Samples will be analyzed for 

a select list of chemicals, as presented in Worksheet #15. 

 

Ten sampling locations were identified based on consensus of the Project Team. The selected soil data 

collection design is based on a judgmental approach which utilized past sampling data and knowledge of 

the Site including historical construction activities to identify sampling locations.   This approach will 

provide good spatial coverage, and will therefore be useful for estimating the extent of contamination in 

soil and for evaluating risks. Ten samples is general considered the minimum number required to support 

risk based evaluations. A DPT rig will be used to obtain surface and subsurface soil samples at 10 

locations.  Each soil boring will be extended until the boring encounters native soil, which is expected to 

be 10 to 15 feet bgs.  Borings will be stopped once they encounter native soil.  The characteristics of the 

soil in the boring will be noted in the field logs, including the texture of the soil at each depth.  The surface 

soil sample will be collected in the top 6 inches of the soil boring.  The subsurface soil sample will be 

collected from the interval between 6 inches to the top of the native soil zone. Discrete subsurface soil 

sample will be collected based on visual determination by the FOL upon visual observations (staining, 

odor, ect.) or PID measurements.  Provided groundwater is encountered, approximately two-thirds of the 

subsurface soil samples will be collected from the unsaturated zone, and one-third of the samples will be 

taken from below the water table as determined by the FOL.  Subsurface soil samples will be collected 

from dredge spoils or in locations where staining or odors are observed.  If dredge spoils are not evident 

or if there is no staining or odors are observed, the subsurface soil sample depth intervals will be 

determined by the FOL.  All test samples will be collected from fill (not native soil).  Ten surface soil and 

ten subsurface soil samples will be analyzed for SVOCs, PAHs, metals, and pesticides.  Half (five) of the 

subsurface soil samples will be analyzed for PCBs.  Samples selected for PCB analysis will be based on 
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visual observations by the FOL.  VOC samples will be collected in up to 4 locations but only if warranted 

by high PID measurements.   
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SAP Works hee t #18 -- Sampling  Loca tions  and  Methods /SOP Requirements  Table  

(UFP-QAPP Manual Section 3.1.1) 
 
 

 
Sampling Location/ID 

Number
 

 
Matrix 

 
Depth (feet bgs) 

 
Analytical Group 

 

Number of 
Samples 

 
Sampling SOP 

Reference 

NTC12-SB21-01 to            
NTC12-SB30-01 Surface Soil 0 to 0.5 

SVOCs (including PAHs) 
10 plus 1 
duplicate 

HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

Metals 

Pesticides 

NTC12-SB21-02 to  
NTC12-SB30-02 Subsurface Soil 0.5 to natural soil 

SVOCs (including PAHs) 10 plus 1 
duplicate 

HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

VOCs (if warranted by 
PID readings) 

4 plus 1 
duplicate 

PCBs 5 plus 1 
duplicate 

Pesticides 10 plus 1 
duplicate 

Metals 10 plus 1 
duplicate 

IDW Solid Not applicable 

TCLP VOCs 

1 plus 0 
duplicate SA-7.1 

TCLP SVOCs 

TCLP Pesticides 

TCLP Herbicides 

TCLP Metals 

Reactivity 

Ignitibility 

pH (Corrosivity) 
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Sampling Location/ID 

Number
 

 
Matrix 

 
Depth (feet bgs) 

 
Analytical Group 

 

Number of 
Samples 

 
Sampling SOP 

Reference 

NS Great Lakes Waste Tests Solid Not applicable 

BTU, flash point, pH, 
reactive with acid, base, 
and water, reactive with 
cyanide and sulfide, 
phenolics, PCBs, water 
content (karl fisher), and 
paint filter test 

1 plus 0 
duplicate SA-7.1 

IDW Aqueous Not applicable 

SVOCs 1 plus 0 
duplicate 

 
 
 

SA-7.1 
Pesticides 
PCBs 

Metals 

 
 



- 

- 

- 

- 
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SAP Works hee t #19 -- Ana lytica l SOP Requirements  Table  

(UFP-QAPP Manual Section 3.1.1) 
 

 
Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Aqueous IDW 

SVOCs 
(including low 

level 
Polynuclear 

Aromatic 
Hydrocarbons) 

SW-846 3510C/8270C 
SOPs:300/201 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 

Soil 

SVOCs 
(including low 

level 
Polynuclear 

Aromatic 
Hydrocarbons) 

SW-846 3546/8270C 
SOPs:343/201  

1 – 4 ounce Glass 
Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Soil VOCs SW-846 5035/8260B 
SOP:202/225 

3 - Encore or 
samplers or  
equivalent (If 

warranted by PID 
readings) 

 

5 grams 
Sodium 

bisulfate;Cool to 4 
°C + 2°C 

48 hours to 
extraction/14 

days to analysis  

Aqueous IDW PCBs SW-846 3510C/8082A 
SOPs: 302/211 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 



-  

-  

-  

-  

-  

-  

-  
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Soil PCBs SW-846 3546/8082A 
SOPs:343/211  

1 –4oz Glass Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Aqueous IDW Pesticides SW-846 3510C/8081B 
SOPs: 302/211 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 

Soil Pesticides SW-846 3546/8081B 
SOPs: 343/211 

1 – 4oz Glass Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Aqueous IDW Metals 

SW-846 3010A/3020A/ 
6010C/7470A 

SOPs: 100/105/103  
 

1 – 250ml Plastic 200 milliliters/50 
milliliters mercury 

Nitric acid to a 
pH<2;  

Cool to 4 °C + 2°C 

180 days to 
analysis except 

mercury which is 
28 days to 
analysis 

Soil Metals 
SW-846 3050B/6010C/ 

7471A  
SOPs: 100/105/104 

1 – 4oz Glass Jar 10 grams Cool to 4 °C + 2°C 

180 days to 
analysis except 

mercury which is 
28 days to 
analysis 

Solid IDW Flash point SW-846 1010  1-4ounce jar 50 grams Cool to 4 °C + 2°C 
7 days to 
analysis 

Solid IDW pH SW-846 9045C  1 - 4oz. Glass Jar 20 grams None Analyze 
immediately 

Solid IDW Reactivity 
SW-846 ch 7.7.3     

(Reactive Sulfide and 
Cyanide)  

1 – 4 oz. Glass Jar 20 grams Cool to 4 °C+ 2°C    14 days to 
analysis 



-  

-  
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Solid IDW Phenolics 
SW-846 3546/8270D 

 
1 –4 ounce Glass Jar 30grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Solid IDW BTU ASTM D3286 1-4 ounce jar 30 grams Cool to 4 °C + 2°C Not specified 

Solid IDW Total PCBs SW-846 8082A  1 –4 ounce Glass jar 30 grams Cool to 4 °C+ 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Solid IDW Water Content SW-846 9000 1-4 ounce Jar 30 grams Cool to 4 °C+ 2°C Not specified 

Solid IDW Paint Filter SW-846 9095B  1 – 4 ounce Glass 
Jar 100 grams Cool to 4 °C+ 2°C 28 days to 

analysis 

Solid IDW TCLP Organics SW-846 1311/8260B, 
8270D,8081A, 8151A  

1 – 4 ounce Glass 
Jar (1311/ 8260B) 

 
1 – 4 ounce Glass 
Jar (1311/ 8270D/ 

8081A/ 8151A) 
 

5 grams (8260B) 
 

100 grams     
(8270D/ 8081A/ 

8151A)  

Cool to 4 °C+ 2°C, 
no headspace 

14 days to TCLP 
extraction, Semi-

volatiles has 
another 7 days 
until preparative 

extraction; 14 
days to analysis 
for volatiles and 

40 days to 
analysis for 

semi-volatiles 
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 

Containers
 

(number, size, and 
type) 

 

Sample volume 

(units) 

 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

 

Maximum 
Holding Time

1
  

(preparation / 
analysis) 

Solid IDW TCLP Metals  SW-846 
1311/6010B/7470A  

1 – 4 ounce. Glass 
Jar 100 grams Cool to 4 °C+ 2°C 

180 days to 
extraction, 

except mercury 
which is 28 days 
to extraction; 180 

days until 
analysis, except 
mercury which is 

28 days until 
analysis 

 
 
1 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted. 
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SAP Works hee t #20 -- Fie ld  Qua lity Contro l Sample  Summary Table  

(UFP-QAPP Manual Section 3.1.1) 
  

 

 
Matrix 

 
Analytical 

Group 

 
No. of 

Sampling 

Locations
1
 

 
No. of Field 

Duplicates 
2
 

No. of 

MS/MSDs
3
 

 
No. of 
Field 

Blanks  

 
No. of 
Equip. 
Blanks 

 
No. of 

Volatile 
Organic 

Analysis Trip 
Blanks  

 
No. of 

Proficiency 
Test 

Samples 

 
Total No. 

of Samples 
to Lab 

Soil (Surface 
and 
Subsurface) 

TCL 
Semivolatiles 
(including low 
level PAHs) 

20 2 1/1 0 0 0 0 22 

TCL Pesticides 20 2 1/1 0 0 0 0 22 
TAL Metals 20 2 1/1 0 0 0 0 22 
PCBs  5 1 1/1 0 0 0 0 6 

 

Notes: 

1 There are 10 soil sampling locations, and two soil samples will be collected at each location.   
2 Field duplicates will be collected at 10 percent of the number of sampling locations. 
3 MS/MSDs will be collected at 5 percent of the number of sampling locations. 
4 See SOP CT-04 in Appendix E for how field QA/QC samples are to be labeled.   
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SAP Works hee t #21 -- P ro jec t Sampling  SOP Refe rences  Table  

(UFP-QAPP Manual Section 3.1.2) 
 
 

 
Reference 
Number 

 
Title, Revision Date, and/or 

Number 

 
Originating 

Organization of 

Sampling SOP 

 
Equipment Type 

 
Modified for 

Project 
Work? 

 
Comments 

CT-04 Sample Nomenclature,  
03/09 Rev. 2 Tetra Tech NA Y 

Refer to 
Appendix E 

for field 
SOPs 

 

CT-05 Data Base Records and Quality 
Assurance, 01/01 Rev. 2 Tetra Tech NA N 

GH-1.3 Soil and Rock Drilling Methods, 06/99 
Rev. 1 Tetra Tech DPT and Hollow Stem Auger 

(HSA) combination drill rig Y 

GH-1.5 Borehole and Sample Logging,  
06/99 Rev. 1 Tetra Tech DPT drill rig N 

HS-1.0 Utility Locating and Excavation 
Clearance, 12/03 Rev. 2 Tetra Tech 

Remote subsurface sensing, 
magnetometer, ground-
penetrating radar, etc. 

Y 

SA-1.3 Soil Sampling, 04/08 Rev. 9 Tetra Tech DPT drill rig Y 

SA-2.5 Direct Push Technology,      
09/03 Rev. 3 Tetra Tech DPT drill rig Y 

SA-6.1 Non-Radiological Sample Handling, 
02/04 Rev. 3 Tetra Tech Sample bottleware, packaging 

material, shipping materials N 

SA-6.3 Field Documentation, 03/09 Rev. 3 Tetra Tech Field logbook, field sample 
forms, boring logs Y 

SA-7.1 Decontamination of Field Equipment, 
01/09 Rev. 6 Tetra Tech 

Decontamination equipment, 
scrub brushes, phosphate-free 

detergent, DI water 
Y 
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SAP Works hee t #22 -- Fie ld  Equipment Calibra tion , Main tenance , Tes ting , and  Ins pec tion  Table  

(UFP-QAPP Manual Section 3.1.2.4) 
 

 
Field 

Equipment 

 
Activity 

 
Frequency 

 
Acceptance 

Criterion 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 

Reference 

 
 

Comments 

Water Level 
Indicator 
 

Field Checks per 
Manufacturer 
 

Once upon 
receiving 
from vendor 

0.01-foot 
accuracy 
 

Operating 
correction or 
replacement 

FOL 
 

GH-1.2 
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SAP Works hee t #23 -- Ana lytica l SOP References  Table  

(UFP-QAPP Manual Section 3.2.1) 
 

 
Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work?
 (Y/N) 

100 

Metals Digestion/ Preparation 
Methods 
3005A,3010A,3020A,3030,3040A,30
50B USEPA CLPILMO 04.1 
Aqueous and Soil/Sediment USEPA 
CLPILMO 05.2 Aqueous and 
Soil/Sediment, USEPA Method 
200.7 (Standard Methods) 3030C 
Revision 19 4/20/2009 

Definitive 

Aqueous IDW 
and  

Soil/Metals 
preparation 

NA Empirical N 

103 

Mercury Analysis in Water by 
Manual Cold Vapor Technique 
Methods USEPA SW846 7470A and 
245.1 CLP-M 4.1 Revision 16 
1/28/2009 

Definitive Aqueous 
IDW/Mercury 

Mercury 
Analyzer Empirical N 

104 

Mercury Analysis in Soil/Sediment 
by Manual Cold Vapor Technique 
Methods SW846 7471A, 
7471B,245.5 And CLPILM 04.1 
Revision 17 1/29/2009 

Definitive Soil/Mercury Mercury 
Analyzer Empirical N 

105 

Metals Analysis by ICP Technique 
Methods 200.7, SW846 6010B, 
SW846 6010C, Standard Methods 
19th edition 2340B, USEPA CLP 
ILMO 4.1 Revision 15 5/8/2009 

Definitive 
Aqueous IDW 

and  
Soil/Metals 

Inductively 
Coupled 
Plasma-
Atomic 

Emissions    
Spectrometry 

(ICP-AES) 

Empirical N 

149 Flashpoint Ignitibility Method SW-
846 1010, Rev. 1 

Definitive Inorganic Flashpoint 
Tester 

Empirical N 

156 Reactive Sulfide Method SW-846, 
Chapter 7, Section 7.3.4, Rev. 4 

Definitive Inorganic NA Empirical 
 

N 
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Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work?
 (Y/N) 

164 Distillation of Aqueous/Solid 
Samples for Total and Non-
Amenable Cyanide Analysis 
Methods 335.1/335.4, SW-846 
9012A/USEPA CLP ILMO 4.1, Rev. 
12  

Definitive Inorganic Lachat Empirical 
 
 

N 

168 Phenolics, Total Recoverable 
(USEPA) Method 420.1 and 420.4 
(Spectrophotometric, Manual and 
Automated  with Distillation), Rev. 6 

Definitive Wet 
Chemistry 

NA Empirical  N 

170 Threshold Odor Test Method 
Standard Methods SM 2150B, Rev. 
1 

Definitive Wet 
Chemistry 

NA Empirical  N 

171 Color – Standards, Methods 19th 
Edition 2120B, Rev. 2 

Definitive Wet 
Chemistry 

NA Empirical  N 

181 Phenol and Phenolic Materials 
Distilled Water Samples Method 
SW846 9066 Lachat 10-210-00-1-A, 
Rev. 6 

Definitive Wet 
Chemistry 

Lachat Empirical  N 

 Electrometric Determination of pH, 
Methods 150.1, Standard Methods 
4500H+B and 9040B for Waters, 
Liquids and Liquid Wastes, 9045C 
for Soils and Solid Wastes, Rev. 6 

Definitive Wet 
Chemistry 

pH Meter Empirical  N 

198 Toxicity Character Leaching 
Procedure (Method 1311), Rev. 5 

Definitive Inorganic NA Empirical N 

201 

GC/MS Semivolatiles and Low-
Concentration PAHsby EPA Method 
625 and SW846 Method 8270C and 
8270D, Including Appendix IX 
Compounds (Revision 20, 04/26/10) 

Definitive 

Aqueous IDW 
and  

Soil/SVOCs 
and low level 

PAHs 

Gas 
Chromatogra

phy/Mass 
spectrometry 

(GC/MS) 

Empirical N 
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Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work?
 (Y/N) 

211 

GC/ECD Organochlorine 
Pesticides/PCBs by EPA Method 
608 and SW846 Method 8081A , 
8081B/8082, 8082A Revision 20 
4/27/2009 

Definitive 

Aqueous IDW 
and 

Soil/Pesticide
s and PCBs 

Gas 
Chromatogra
phy/Electron 

Capture 
Detector 

(GC/ECD) 

Empirical N 

300 

GC/MS- Semivolatile BNA-Aqueous 
Matrix Extraction Using SW-846 
Method 3510C for 8270/625 
Analysis (Revision 18, 04/26/10) 

Definitive 

Aqueous 
IDW/SVOCs 
and low level 

PAHs 

NA Empirical N 

302 

Pesticides/PCBs- Aqueous Matrix 
Extraction for EPA Method 608 and 
SW846 Method 8081A/8082 Using 
SW846 3510C Revision 16 
9/23/2008 

Definitive 
Aqueous 

QC/Pesticides 
and PCBs 

NA Empirical N 

343 

BNA, Pesticides/PCB, and TPH non-
aqueous matrix microwave 
extraction  Using SW-846 Method 
3546 (Revision 0, 8/01/09) 

Definitive Soil NA Empirical N 

404 
Laboratory Sample Receiving Log-In 
and Storage Standard Operating 
Procedures Revision 13 6/29/2009 

NA NA NA Empirical  N 

405 Analytical Laboratory Waste 
Disposal Revision 5 6/23/2009 NA NA NA Empirical  N 

410 

Standard Operating Procedures for 
Laboratory Sample Storage, Secure 
Areas and Sample Custody Revision 
7 6/23/2009 

NA NA NA Empirical  N 

 
1  Laboratory SOPs are provided in Appendix D. 
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SAP Works hee t #24 -- Ana lytica l Ins trument Ca libra tion  Table   

(UFP-QAPP Manual Section 3.2.2) 
 

 
Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

GC/MS  
SVOCs and 
low level 
PAHs 

Initial Calibration 
(ICAL) - A 
minimum 5-point 
calibration is 
required. 
 

Instrument receipt, instrument 
change (new column, source 
cleaning, etc.), when 
continuing calibration 
verification (CCV) is out of 
criteria.   
 

 Percent Relative Standard 
Deviation (%RSD) must be < 
15% for all Target compounds. 
Relative Response Factor 
(RRF) must be ≥ 0.05.  
If not met:  
Option 1) Linear least squares 
regression (r) must be  ≥ 0.995 
Option 2) Non-linear 
regression: COD (r2 ) must be ≥ 
0.99 (6 points for second 
order). 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst, Department 
Manager 

Empirical 
SOP: 201 

Initial calibration 
verification (ICV) 
– Second Source 

Once after each ICAL prior to 
beginning a sample run. Percent Recovery (%R) of each 

analyte must be within 80-
120%. 
 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

CCV Analyze a standard at the 
beginning of each 12-hour 
shift after a 
decafluorotriphenylphosphine 
(DFTPP) tune. 

All target compounds must be < 
20 Percent Difference or 
Percent Drift (%D);  
 
RRF for must be >0.050. 
 
 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst, Department 
Manager 

DFTPP Tune Prior to ICAL and at the 
beginning of each 12 hour 
analytical sequence. 

Criteria listed in SOP 201 
section 7.2.  Must meet the ion 
abundance criteria required by 
the method.  No samples may 
be accepted without a valid 
tune. 

Retune and/or clean 
source. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

GC/ECD 
Pesticides 

ICAL - A 6 point 
calibration of 
individual 
pesticides with a 
mid-point 
calibration of 
toxaphene and 
chlordane. 
 

Upon instrument receipt, 
major instrument change, or 
when the CCV does not meet 
criteria. 

The %RSD for each analyte 
must be ≤ 20%, or  

Option 1) r  must be ≥ 0.995 

Option 2) r2 must be ≥ 0.99 (6 
points for second order). 

Repeat ICAL 
If single point 
calibration for 
toxaphene, or 
chlordane is 
identified in analysis 
of sample; 6-point 
calibration run of 
identified compound 
with reanalysis of 
sample. 

Analyst, Department 
Manager 

Empirical 
SOP: 211 

 ICV Once after each ICAL. %Rs of individual compounds 
must be within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 CCV Once after each initial 
calibration, at the beginning 
and end of each run 
sequence, after every 10 
samples, and at the end of the 
analysis sequence. 

%Rs of individual compounds 
must be within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 
Breakdown 
Check  

At the beginning of each 12-
hour period, prior to sample 
analysis. 

The degradation must be ≤ 
15% for both Endrin and DDT. 

Column 
maintenance; 
injection port 
maintenance. 

Analyst, Department 
Manager 

 

GC/ECD 
PCBs 

ICAL - A 6-point 
calibration of 
Aroclor 1260 
(1016/1260 
mixture). 

Instrument receipt, major 
instrument change, when CCV 
does not meet criteria. 

r2 must be ≥ 0.990.   
 
Mid-point calibration of other 
Aroclors. 

Repeat ICAL and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards.  
Reanalyze affected 
data.  

Analyst, Department 
Manager 

Empirical 
SOP: 211 

 ICV – Second 
Source 

Once after each ICAL. The %R of all analytes must be 
within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 CCV Once after each ICAL. The %R of all analytes must be 
within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

ICP-AES 
Metals ICAL – one point 

calibration. 
At the beginning of each day 
or if QC is out of criteria. 

One point calibration per 
manufacturer's guidelines. 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards 

Analyst, Department 
Manager Empirical 

SOP: 105 

ICV  (Second 
Source) 

Before beginning a sample 
run. 

%Rs must be within 90-110%. Do not use results for 
failing elements 
unless the ICV > 
110% and the 
sample < the LOQ. 

Investigate and 
correct problem. 

Analyst, Department 
Manager 

 

Calibration Blank  
Before beginning a sample 
run, after every 10 samples, 
and at the end of the analysis 
sequence. 

No analytes detected > LOD. Correct the problem, 
then re-prepare and 
reanalyze calibration 
blank.  

Analyst, Department 
Manager 

CCV At the beginning and end of 
each run sequence, after 
every 10 samples and at the 
end of the analysis sequence. 

%Rs of true values must be 
within 90-110% of true values. 

Check problem, 
recalibrate and 
reanalyze any 
samples not 
bracketed by passing 
CCVs. 

Analyst, Department 
Manager 

Low-level 
Calibration Check 
Standard (if using 
one-point ICAL) 

At beginning and end of run. %Rs must be within 80%-120% 
of the true value. 

Do not use results for 
failing elements, 
unless LOQ recovery 
> upper limit and 
sample result < LOQ. 

Analyst, Department 
Manager 

 

Interference 
Check Standards 
(ICS - ICSA & 
ICSB) 

 

At the beginning of an 
analytical run. 

ICSA recoveries must be less 
than the absolute value of the 
LOD and ICSB %Rs must be 
within 80-120% of the true 
value. 

Correct the problem, 
then re-prepare and 
reanalyze all affected 
samples. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

Mercury  
ICAL – A 5-point 
calibration curve 
is prepared. 

Perform daily prior to sample 
analysis. 

Must be ≤20% RSD. 

 r must be ≥ 0.995 

Recalibrate. Analyst, Department 
Manager Empirical 

SOP: 103/104 

 
ICV (Second 
Source) 

Each analytical sequence. %Rs must be within 90-110%of 
true value. 

Recalibrate. Analyst, Department 
Manager 

 

 
Calibration Blank One is performed at the 

beginning of analytical 
sequence, after every 
10 samples, at the end of the 
sequence. 

No analytes detected > LOD. Re-prepare and 
analyze all 
associated samples. 

Analyst, Department 
Manager 

 

 
CCV Perform every 10 samples and 

at the end of the analytical 
sequence. 

%Rs must be within 80-120% 
of the true value. 

Recalibrate. Analyst, Department 
Manager 

 

 
CCV (undistilled) CCV (undistilled)-at beginning 

and end of each run sequence 
and every 10 samples. 

The %R must be within 90-
110% of the true value. 

If the CCV 
(undistilled) fails high, 
report samples that 
are <LOQ.  
Recalibrate and/or 
reanalyze samples 
back to last 
acceptable CCV. 

Analyst, Department 
Manager 
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SAP Works hee t #25 -- Ana lytica l Ins trument and  Equipment Main tenance , Tes ting , and  Ins pec tion  Table   

(UFP-QAPP Manual Section 3.2.3) 
 
 

INSTRUMENT/ 
EQUIPMENT 

MAINTENANCE ACTIVITY 
TESTING 
ACTIVITY 

INSPECTION 
ACTIVITY 

FREQUENCY 
ACCEPTANCE 

CRITERIA 
CORRECTIVE 

ACTION 
RESPONSIBLE 

PERSON 
SOP 

REFERENCE
(1)

 

GC/MS 

Check pressure and gas supply daily. 
Manual tune if DFTPP not in criteria, 
change septa as needed, change 
liner as needed and cut column as 
needed. Other maintenance specified 
in laboratory Equipment Maintenance 
SOP. 

SVOCs 
and low 

level 
PAHs 

 

Ion source, 
injector liner, 

column, 
column flow. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP:201 

GC/ECD 

 

Check pressure and gas supply daily.  
Change septa and/or liner as 
needed, replace or cut column as 
needed.  Other maintenance 
specified in laboratory Equipment 
Maintenance SOP. 

Pesticides 
and PCBs 

Injector liner, 
septa, column, 
column flow. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP: 211 

ICP-AES 

 

Clean torch assembly and spray 
chamber when discolored or when 
degradation in data quality is 
observed.  Clean nebulizer, check 
argon, and replace peristaltic pump 
tubing as needed. Other 
maintenance specified in laboratory 
Equipment Maintenance SOP.  

Metals 

Torch, 
nebulizer 
chamber, 

pump, pump 
tubing. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP:105 

Mercury 
Analyzer 

Replace peristaltic pump tubing, 
replace mercury lamp, replace drying 
tube, clean optical cell and/or clean 
liquid/gas separator as needed.  
Other maintenance specified in 
laboratory Equipment Maintenance 
SOP. 

Mercury 
Tubing, 

sample probe, 
optical cell. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP: 103/104 
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SAP Works hee t #26 -- Sample  Handling  Sys tem 

(UFP-QAPP Manual Appendix A) 
 
SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):   FOL or designee/Tetra Tech 

Sample Packaging (Personnel/Organization):  FOL or designee Tetra Tech 

Coordination of Shipment (Personnel/Organization):  FOL or designee /Tetra Tech 

Type of Shipment/Carrier:  Federal Express 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization):   Sample Custodians/Empirical  

Sample Custody and Storage (Personnel/Organization):  Sample Custodians/Empirical  

Sample Preparation (Personnel/Organization):  Extraction Lab, Metals Preparation Lab/Empirical  

Sample Determinative Analysis (Personnel/Organization):  Gas Chromatography Lab, Gas Chromatography/Mass Spectrometry Lab, Metals Lab/Empirical  

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection):  60 days from receipt 

Sample Extract/Digestate Storage (No. of days from extraction/digestion):  3 months from sample digestion/extraction 

Biological Sample Storage (No. of days from sample collection):  NA 

SAMPLE DISPOSAL 

Personnel/Organization:  Sample Custodians/Empirical  

Number of Days from Analysis:  30 days from submittal of final report or 60 days from receipt, whichever is longer 
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SAP Works hee t #27 – Sample  Cus tody Re quirements  Table   

(UFP-QAPP Manual Section 3.3.3 
 
27.1 SAMPLE NOMENCLATURE, SAMPLE COLLECTION DOCUMENTATION, HANDLING, 

TRACKING, AND CUSTODY PROCEDURES 

The following sections outline the procedures that will be used to document project activities and sample 

collection, handling, tracking, and custody procedures during the investigation.  All forms must be filled in 

as completely as possible. 

 
27.1.1 Sample Identification 

Refer to Worksheet #18 for how the samples will be labeled. Also, refer to SOP CT-04 in Appendix E for 

how the field QA/QC samples will be labeled. 

 
27.1.2 Sample Collection Documentation 

Documentation of field observations will be recorded in a field logbook and/or on field log sheets including 

sample collection logs, boring logs and monitoring well construction logs.  Field logbooks utilized on this 

project will be bound, water-resistant logbooks.  All pages of the logbook will be numbered sequentially, 

and observations will be recorded with indelible ink. 

 
Field sample log sheets will be used to document sample collection details, and other observations and 

activities will be recorded in the field logbook.  Instrument calibration logs will be used to record the daily 

instrument calibration.  Example field forms are included in Appendix E.   

 
For sampling and field activities, the following types of information will be recorded in the field log as 

appropriate: 

 
• Site name and location. 

• Date and time of logbook entries. 

• Personnel and their affiliations. 

• Weather conditions. 

• Activities involved with the sampling. 

• Subcontractor activity summary. 

• Site observations including site entry and exit times. 

• Site sketches made on site. 

• Visitor names, affiliations, arrival and departure times. 

• Health and safety issues including PPE. 
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27.1.3 Sample Handling and Tracking System 

Following sample collection into the appropriate bottleware, all samples will be immediately placed on ice 

in a cooler.  The glass sample containers will be enclosed in bubble-wrap in order to protect the 

bottleware during shipment.  The cooler will be secured using strapping tape along with a signed custody 

seal.  Sample coolers will be delivered to a local courier location for priority overnight delivery to the 

Empirical Laboratories for analysis.  Samples will be preserved as appropriate based on the analytical 

method.  The laboratory will provide pre-preserved sample containers for sample collection.  Samples will 

be maintained at 4 (± 2) °C until delivery to the laboratory.  Proper custody procedures will be followed 

throughout all phases of sample collection and handling. 

 
After collection, each sample will be maintained in the sampler's custody until formally transferred to 

another party (e.g., Federal Express).  For all samples collected, chain-of-custody forms will document 

the date and time of sample collection, the sampler's name, and the names of all others who 

subsequently held custody of the sample.  Specifications for chemical analyses will also be documented 

on the chain-of-custody form.  Tetra Tech SOP SA-6.3 (Field Documentation), included in Appendix E, 

provides further details on the chain-of-custody procedure.   

 
These subsections outline the procedures that will be used by field and laboratory personnel to document 

project activities and sample collection procedures during this RI.  All forms must be filled in as completely 

as possible. 

 
27.1.4 Sample Handling 

Sample handling requirements are described in Worksheet #26.  Tetra Tech personnel will collect the 

samples.  The samplers will take care not to contaminate samples through improper handling.  Samples 

will be sealed in appropriate containers, packaged by Tetra Tech personnel and placed into sealed 

coolers under chain-of-custody in accordance with the applicable SOP (See Worksheet #21).  All coolers 

will contain a temperature blank. Samples will be transferred under chain-of-custody to a courier as 

described below.  Once received by the laboratory, receipt will be documented on the chain-of-custody 

form and the samples will be checked in.  The samples will remain under chain-of-custody throughout the 

analysis period to ensure that their integrity is preserved.  Details are provided below. 

 
27.1.5 Sample Delivery 

Samples to be delivered to the laboratory will be made by a public courier (i.e., Federal Express).  After 

samples have been collected, they will be sent to the laboratory within 24 hours.  Under no circumstances 

will sample holding times be exceeded.   
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27.1.6 Sample Custody 

Chain-of-custody protocols will be used throughout sample handling to establish the evidentiary integrity 

of sample containers.  These protocols will be used to demonstrate that the samples were handled and 

transferred in a manner that would eliminate possible tampering.  Samples for the laboratory will be 

packaged and shipped in accordance with Tetra Tech SOP SA-6.1 (Appendix E).   

 

A sample is under custody if: 

 

• The sample is in the physical possession of an authorized person. 

• The sample is in view of an authorized person after being in his/her possession. 

• The sample is placed in a secure area by an authorized person after being in his/her possession. 

• The sample is in a secure area, restricted to authorized personnel only. 

 

Custody documentation is designed to provide documentation of preparation, handling, storage, and 

shipping of all samples collected.  A multi-part form is used with each page of the form signed and dated 

by the recipient of a sample or portion of a sample.  The person releasing the sample and the person 

receiving the sample each will retain a copy of the form each time a sample transfer occurs.  

 

Integrity of the samples collected during the site investigation will be the responsibility of identified 

persons from the time the samples are collected until the samples, or their derived data, are incorporated 

into the final report 

 

The FOL is responsible for the care and custody of the samples collected until they are delivered to the 

laboratory or are entrusted to a carrier.  When transferring samples, the individuals relinquishing and 

receiving them will sign, date, and note the time on the chain-of-custody form.  This record documents the 

sample custody transfer from the sampler to the laboratory, often through another person or agency 

(common carrier).  Upon arrival at the laboratory, internal sample custody procedures will be followed as 

defined in the laboratory SOPs included in Appendix D.  

 
27.1.7 Laboratory Custody (Empirical Laboratories) 

Detailed descriptions of the practices referenced here are provided in the attached Empirical 

Laboratories’ Laboratory Sample Receiving, Log In and Storage SOP (SOP404) and Empirical 

Laboratories’ Laboratory Sample Storage, Secure Areas and Sample Custody SOP (SOP410).  Copies of 

the related forms and labels are included in those SOPs which are provided in Appendix D. 
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SAP Works hee t #28 -- Labora tory QC Samples  Table  

(UFP-QAPP Manual Section 3.4) 
 
 
 

Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC ACCEPTANCE 

LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Method Blank One per 
preparation batch 
of 20 or fewer 
samples of 
similar matrix. 

Contaminants in the method 
blank must be < ½ LOQ, except 
common lab contaminants, 
which must be <LOQ. 

(1) Investigate source of 
contamination  
 
(2) Re-prepare and 
analyze method blank 
and all samples 
processed with the 
contaminated blank. 

Analyst, Laboratory 
Department Manager 
and Data Validator 

Bias/ 
Contamin
ation 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC ACCEPTANCE 

LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Surrogates 
Six per sample: 
 
Nitrobenzene-d5       
 2-Fluorobiphenyl 
 Terphenyl-d14 
 Phenol d-6 
 2-Fluorophenol 
 2,4,6-
Tribromophenol 

  

 

%Rs must meet the laboratory 
statistically-derived control 
limits. Current limits are 
provided in Appendix G.  1 

 
 

 

(1) Check 
chromatogram for 
interference; if found, 
then flag data.  
 
(2) If not found, then 
check instrument 
performance; if problem 
is found, then correct 
and reanalyze. 
 
(3) If still out, then re-
extract and analyze 
sample. 
 
(4) If reanalysis is out, 
then flag data. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/
Bias 

Same as Method/SOP 
QC Acceptance Limits. 
 

LCS 
LCSD (not 
required) 

One is performed 
for each batch of 
up to 20 
samples. 

%Rs must meet the laboratory 
statistically-derived control 
limits. Current limits are 
provided in Appendix G.  1 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

Evaluate and reanalyze 
if possible.  If an 
MS/MSD was 
performed in the same 
12 hour clock and is 
acceptable, then 
narrate.  If the LCS 
recoveries are high but 
the sample results are 
<LOQ, then narrate.  
Otherwise, re-prepare 
and reanalyze. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy 
/ Bias 
Precision 
also, if 
LCSD is 
analyzed 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC ACCEPTANCE 

LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Internal 
Standards (IS) 

Six per sample – 
1,4-
Dichlorobenzene-
d4 
Naphthalene-d8  
Acenaphthene-
d10 
Phenanthrene-
d10 
Chrysene-d12 
Perylene-d12  

Retention times for ISs must be + 
within +/-_30 seconds and the 
response areas must be within -
50% to +100% of the midpoint ICAL 
standard for each IS. 
 

 

Reanalyze affected 
samples. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ 
Bias 

Same as Method/SOP 
QC Acceptance Limits. 

MS/MSD One per SDG or 
every 20 
samples. 

%Rs should meet the 
laboratory statistically-derived 
control limits. Current limits are 
provided in Appendix G.  1 
 
RPD should be ≤ 30%. 

Corrective Action will 
not be taken for 
samples when %Rs are 
outside limits and 
surrogate and LCS 
criteria are met.  If both 
the LCS and MS/MSD 
are unacceptable, then 
re-prepare the samples 
and QC. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ 
Bias / 
Precision 

Same as Method/SOP 
QC Acceptance Limits. 

 
1 Please note that limits are updated periodically and may change from the issuance of the final SAP to the time data validation 

is performed. The limits used for validation will be the limits that are current at the time of analysis. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Method Blank One per 
preparation batch 
of 20 or fewer 
samples of similar 
matrix. 

Contaminants must be < ½ 
LOQ. 

Investigate source of 
contamination.  
Evaluate the 
samples and 
associated QC: i.e., 
if the blank results 
are above the LOQ, 
then report sample 
results which are 
<LOQ or > 10X the 
blank concentration. 
 
Otherwise, re-
prepare a blank and 
samples >LOQ and 
<10X LOQ. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Bias/Contamination Same as Method/SOP 
QC Acceptance 
Limits. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Surrogates 
Two per sample:  
2,4,5,6-Tetrachloro-
metaxylene 
(TCMX) and 
Decachlorobiphenyl 
(DCB) 

 

 

%Rs must meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 

No corrective will be 
taken when one 
surrogate is within 
criteria.  If surrogates 
recoveries are high 
and sample is <LOQ, 
then no corrective 
action is taken.  If 
surrogates 
recoveries are low, 
then the affected 
samples are re-
extracted and 
reanalyzed. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Same as Method/SOP 
QC Acceptance 
Limits. 

LCS 

LCSD (not 
required) 

One is performed 
for each batch of 
up to 20 samples. 

%Rs must meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

If an MS/MSD was 
performed and is 
acceptable, then 
narrate.  
If an LCS/LCSD was 
performed and only 
one of the set was 
unacceptable, then 
narrate.  If the LCS 
recovery is high, but 
the sample results 
are <LOQ, then 
narrate.  Otherwise, 
re-extract blank and 
affected sample 
batch. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ Bias 
Precision also, if 
LCSD is analyzed 

Same as Method/SOP 
QC Acceptance 
Limits. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

MS/MSD One per 20 
samples of similar 
matrix. 

%Rs should meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 
RPD should be ≤ 30%. 

Evaluate the 
samples and 
associated QC and if 
the LCS results are 
acceptable, then 
narrate. 

If both the LCS and 
MS/MSD are 
unacceptable, then 
re-prepare the 
samples and QC. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy / Bias / 
Precision 

Same as Method/SOP 
QC Acceptance 
Limits. 

Second Column 
Confirmation 

All positive results 
must be confirmed. 

Results between primary 
and second 
column - RPD must be ≤ 
40%. 

None. Analyst, Laboratory 
Department 
Manager, and  
Data Validator  

Precision Same as Method/SOP 
QC Acceptance 
Limits. 

 
 

2 Please note that limits are updated periodically and may change from the issuance of the final SAP to the time data validation 
is performed. The limits used for validation will be the limits that are current at the time of analysis. 
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Matrix Soil, Solid IDW, and 
Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Metals (including 
Mercury) 

 
 

 
 

 
 

 
 

 
 

Analytical 
Method /  
SOP Reference 

SW-846 
6010C/7470A/7471
A 
Empirical  
SOP- 100-
103/104/105 

 
 

 
 

 
 
 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE 

FOR CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Method Blank One per digestion 
batch of 20 or fewer 
samples. 

No analytes detected > ½ the 
LOQ. 

If the blank value > LOQ, 
then report sample results.  
If the blank value < LOQ 
or > 10x the blank value; 
then redigest. If blank 
value is less than negative 
LOQ, then report sample 
results.  If > 10x the 
absolute value of the blank 
result, then redigest. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Bias/Contamin
ation 

Same as 
Method/SOP QC 
Acceptance Limits. 

LCS 
LCSD (not 
required) 

One is performed 
for each batch of up 
to 20 samples. 

The %R must be within 80-
120%. 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

Redigest and reanalyze all 
associated samples for 
affected analyte. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Precision also, 
if LCSD is 
analyzed 

Same as 
Method/SOP QC 
Acceptance Limits. 

Duplicate 
Sample 

One per preparation 
batch of 20 or fewer 
samples of similar 
matrix. 

 

The RPD should be ≤20% for 
duplicate samples. 

Narrate any results that 
are outside control limits. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision 
Same as 
Method/SOP QC 
Acceptance Limits. 

MS One per 20 samples 
of similar matrix. 

The %R should be within 80-
120%, if sample < 4x spike 
added. 

Flag results for affected 
analytes for all associated 
samples with”N”. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Same as 
Method/SOP QC 
Acceptance Limits. 
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Matrix Soil, Solid IDW, and 
Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Metals (including 
Mercury) 

 
 

 
 

 
 

 
 

 
 

Analytical 
Method /  
SOP Reference 

SW-846 
6010C/7470A/7471
A 
Empirical  
SOP- 100-
103/104/105 

 
 

 
 

 
 
 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE 
FREQUENCY/ 

NUMBER 
METHOD/SOP QC 

ACCEPTANCE LIMITS 
CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE 

FOR CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Serial Dilution One is performed 
for each preparation 
batch with sample 
concentration(s) > 
50x MDL. 

The result must agree within 
± 10% of the original sample 
result. 

Perform Post Digestion 
Spike 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision Same as 
Method/SOP QC 
Acceptance Limits. 

Post Digestion 
Spike (does not 
apply to 
mercury) 

One is performed 
when serial dilution 
fails or analyte 
concentration(s) in 
all samples < 50x 
MDL. 

The result must agree within 
75-125% of expected result. 

Flag results of samples of 
same matrix as estimates 
in SDG narrative. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision 
Same as 
Method/SOP QC 
Acceptance Limits. 

 

 
Laboratory SOPs are provided in Appendix D. 
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SAP Works hee t #29 – Pro jec t Documents  and  Records  Table  

(UFP-QAPP Manual Section 3.5.1) 
 

Document Where Maintained 

Sample Collection Documents and Records 
Field logbook (and sampling notes) 
Field sample forms (e.g., boring logs, sample log sheets, drilling logs, etc.) 
Chain-of-custody records 
Sample shipment airbills 
Equipment calibration logs 
Photographs 
F T MR forms 
Field Sampling SOPs 
 
Laboratory Documents and Records 
Sample receipt/login forms 
Sample analysis run logs 
Corrective action forms 
Reported field sample results 
Reported results for standards, quality control checks, and quality control samples 
Data completeness checklists 
Sample storage and disposal records 
Telephone logs 
Extraction/clean-up records 
Raw data 
 
Data Assessment Documents and Records 
Field Sampling Audit Checklist (if an audit is conducted) 
Analytical Audit Checklist (if an audit is conducted) 
Data Validation Memoranda 
Investigation Report 

Tetra Tech Project File, results will be discussed in subject document. 
 
 
 
 
 
 
 
 
 
 
Tetra Tech Project File, long-term data package storage at third-party 
professional document storage firm, results will be discussed in subject 
document. 
 
 
 
 
 
 
 
 
 
Tetra Tech Project File, results will be discussed in subject document. 
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SAP Works hee t #30 – Ana lytica l Se rvices  Table  

(UFP-QAPP Manual Section 3.5.2.3) 
 

 
Matrix 

 
Analytical 

Group 

Sample 
Locations/ 

ID Numbers 

Analytical Method 

 
Data Package 
Turnaround 

Time 

 
Laboratory/Organization

 

 

Backup 
Laboratory/ 

Organization
 

Soil and 
Aqueous 
IDW 

SVOCs and 
low level PAHs 

See Worksheet #18 SW-846 8270C 21 calendar days 
 
 

Kim Kostzer 
Empirical Laboratories, LLC 
621 Mainstream Drive 
Suite 270 
Nashville, TN 37228 
(615) 345-1115 ext. 240 
kkostzer@empirlabs.com 
 
 
 

NA 
 
 Pesticides/ 

PCBs 
See Worksheet #18 SW-846 8081B/8082A 

TAL Metals See Worksheet #18 SW-846 6010C 
7470A/7471A 

VOCs (if 
warranted by 
PID readings) 

See Worksheet #18 SW-846  8260B 

Solid 
IDW 

Reactivity/ 
Ignitibility/ 
pH 

See Worksheet #18 SW-846 9012A/chapter 
7/1010/9045/ Empirical 
SOP-149/156/164/175/187 
 

7 calendar days 
 
 
 
 

Kim Kostzer 
Empirical Laboratories, LLC 
621 Mainstream Drive 
Suite 270 
Nashville, TN 37228 
(615) 345-1115 ext. 240 
kkostzer@empirlabs.com 
 
 
 

NA 
 
 
 
 Phenolics See Worksheet #18 SW-846 9066/Empirical 

SOP-168/181 
Odor/Density/ 
Color/Paint 
Filter/Water 
Content 

See Worksheet #18 SM2150B/SM2710F 
/SM2120B/SW-846 9095/ 
Empirical SOP-170/171/191 

Total PCBs See Worksheet #18 SW-846 8082A 
TCLP Organics See Worksheet #18 SW-846 1311 followed by 

8260B, 8270C, 8081A, 
8151A 

TCLP 
Inorganics 

See Worksheet #18 SW-846 1311 followed by 
6010B, 7470A 

 



Project-Specific SAP – Worksheet #31 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2010 
 

011107/P Page 82 of 93 CTO F27A 

SAP Works hee t #31 – P lanned  Pro jec t As s es s ments  Table  

(UFP-QAPP Manual Section 4.1.1) 
 

Assessment 
Type 

Frequency 
Internal 

or 
External 

Organization 
Performing 

Assessment 

Person(s) 
Responsible 

for Performing 
Assessment 

Person(s) 
Responsible 

for Responding 
to Assessment 

Findings 

Person(s) 
Responsible for 
Identifying and 
Implementing 

Corrective Actions 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of 

Corrective Actions 

Field 
Sampling 
System Audit 

One per 
contract 
year1 

Internal Tetra Tech 
Person assigned 
by Tetra Tech 
QAM 

Tetra Tech PM 
and FOL 

Auditor and Tetra Tech 
PM  

Tetra Tech CLEAN 
QAM  

Laboratory 
System Audit 
(1) 

Every 2 
years External 

DoD ELAP 
Accrediting 
Body 

DoD ELAP 
Accrediting Body 
Auditor 

Empirical 
Laboratory QAM 
or Laboratory 
Manager 

Empirical Laboratory 
QAM or Laboratory 
Manager 

Empirical Laboratory 
QAM or Laboratory 
Manager 

 

1 The selected analytical laboratory (Empirical) has successfully completed the laboratory assessment process required as part of the 
Department of Defense Environmental Laboratory Accreditation Program (DoD ELAP) and as described in the “Department of Defense 
Quality Systems Manual for Environmental Laboratories (DoD QSM)” , Version 4.1, April 2009.  The DoD ELAP accreditation documentation 
is included in Appendix D. 
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SAP Works hee t #32 -- As s es s ment Findings  and  Correc tive  Ac tion  Res pons es  

(UFP-QAPP Manual Section 4.1.2) 
 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) Notified of Findings  
(name, title, organization) 

Timeframe of 
Notification 

Nature of 
Corrective 

Action 
Response 

Documentation  

Individual(s) Receiving 
Corrective Action Response  

(name, title, organization) 

Timeframe 
for 

Response 

Field 
Sampling 

System Audit 

Audit checklist 
and written audit 
finding summary 

Biff Cummings, PM, Tetra Tech 
TBD, FOL, Tetra Tech 

John Trepanowski, Program 
Manager, Tetra Tech 

Garth Glenn, Deputy Program 
Manager, Tetra Tech 

Dependent on 
the finding, if 
major a stop 
work may be 

issue 
immediately, 

however if minor 
within 1 week of 

audit 

Written memo 

Biff Cummings,  PM, Tetra 
Tech; TBD, FOL, Tetra Tech; 
Tom Johnston, North Atlantic 

QAM, Tetra Tech; 
TBD, Field Auditor, Tetra Tech; 

John Trepanowski, Program 
Manager, Tetra Tech; 

Garth Glenn, Deputy Program 
Manager, Tetra Tech; 

Within 48 
hours of 

notification 

Laboratory 
System Audit 

Written audit 
report 

Rick Davis Laboratory Director,  
Randy Ward Laboratory QAM 

Empirical 

Not specified by 
DoD ELAP  Letter DOD ELAP Accrediting Body 

Specified by 
DOD ELAP 
Accrediting 

Body 
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SAP Works hee t #33 -- QA Management Reports  Table  

(UFP QAPP Manual Section 4.2) 
 

 
Type of Report 

 

Frequency 

(daily, weekly monthly, quarterly, 
annually, etc.) 

 
Projected Delivery 

Date(s) 

 

Person(s) Responsible 
for Report Preparation 

(title and organizational affiliation) 

 

Report Recipient(s) 

(title and organizational affiliation) 

Data validation report Per SDG 

Upon completion of data 
validation (usually within 3 

weeks of receipt of laboratory 
data) 

DVM and staff chemists, Tetra 
Tech PM and project file, Tetra Tech 

Major analysis problem 
identification (internal Tetra 

Tech Memorandum) 

When persistent analysis 
problems are detected by 

Tetra Tech that may impact 
data usability 

Immediately upon detection of 
problem (on the same day) 

NAVFAC Atlantic QAM, Tetra 
Tech 

PM, CLEAN QAM, Program 
Manager, and project file Tetra 

Tech 

Project monthly progress 
report Monthly for duration of project Monthly PM, Tetra Tech 

 Navy RPM, Navy;  CLEAN 
QAM, Program Manager, and 

project file, Tetra Tech 

Laboratory QA report 
When significant plan 
deviations result from 

unanticipated circumstances 

Immediately upon detection of 
problem (on the same day) Laboratory PM, Empirical PM and project file, Tetra Tech 

Audit report In conjunction with audits After completion of audits 
(usually 3 weeks) 

Tetra Tech or third party 
Auditor(s) 

PM and QAM, Tetra Tech, and 
audited entity 
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SAP Works hee t #34 -- Verifica tion  (S tep  I) P roces s  Table  

(UFP-QAPP Manual Section 5.2.1) 
 

Verification Input Description 
Internal /  
External 

Responsible for 
Verification  

(name, organization) 
Chain-of-Custody 
Forms 

The Tetra Tech FOL or designee will review and sign the chain-of-custody form to verify that 
all samples listed are included in the shipment to the laboratory and the sample information is 
accurate.  The forms will be signed by the sampler and a copy will be retained for the project 
file, the Tetra Tech PM, and the Tetra Tech Data Validators. 

Internal Sampler and FOL, Tetra 
Tech 

The Empirical Laboratory Sample Custodian will review the sample shipment for 
completeness, integrity, and sign accepting the shipment.  The Tetra Tech Data Validators will 
check that the chain-of-custody form was signed and dated by the Tetra Tech FOL or 
designee relinquishing the samples and also by the Laboratory Sample Custodian receiving 
the samples for analyses. 

Internal/ 
External 

1 - Laboratory Sample 
Custodian, Empirical 
2 - Data Validators, Tetra 
Tech 

SAP Sample Tables/  
Chain-of-Custody 
Forms 

Verify that all proposed samples listed in the SAP tables have been collected. Internal FOL or designee, Tetra 
Tech 

Sample Log Sheets Verify that information recorded in the log sheets is accurate and complete.  Internal FOL or designee, Tetra 
Tech 

SAP/ Field Logs/ 
Analytical Data 
Packages 

Ensure that all sampling SOPs were followed.  Verify that deviations have been documented 
and MPCs have been achieved.  Particular attention should be given to verify that samples 
were correctly identified, that sampling location coordinates are accurate, and that 
documentation establishes an unbroken trail of documented chain-of-custody from sample 
collection to report generation.  Verify that the correct sampling and analytical methods/SOPs 
were applied.  Verify that the sampling plan was implemented and carried out as written and 
that any deviations are documented.   

Internal PM or designee, Tetra Tech 

Sample Coordinates Ensure that sample locations are correct and in accordance with the SAP proposed locations.  
Document any discrepancies in the final report. 

Internal FOL or designee, Tetra 
Tech 

SAP/ Analytical 
SOPs/ Analytical 
Data Packages 

Ensure that all laboratory SOPs were followed.  Verify that the correct analytical 
methods/SOPs were applied. 

Internal Laboratory QAM, Empirical 

SAP/ Laboratory 
SOPs/ Raw Data/ 
Applicable Control 
Limits Tables 

Establish that all method QC samples were analyzed and in control as listed in the analytical 
SOPs.  If method QA is not in control, the Laboratory QAM will contact the Tetra Tech PM 
verbally or via e-mail for guidance prior to report preparation. 

Internal Laboratory QAM, Empirical 

SAP/ Chain-of-
Custody Forms 

Check that field QC samples listed in Worksheet #20 were collected as required. Internal FOL or designee, Tetra 
Tech 
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Verification Input Description 
Internal /  
External 

Responsible for 
Verification  

(name, organization) 
Electronic Data 
Deliverables 
(EDDs)/ Analytical 
Data Packages 

Each EDD will be verified against the chain-of-custody and hard copy data package for 
accuracy and completeness.  Laboratory analytical results will be verified and compared to 
the electronic analytical results for accuracy.  Sample results will be evaluated for laboratory 
contamination and will be qualified for false positives using the laboratory method/preparation 
blank summaries.  Positive results reported between the DL and the LOQ will be qualified as 
estimated.  Extraneous laboratory qualifiers will be removed from the validation qualifier. 

External Data Validators, Tetra Tech 

Analytical Data 
Packages 
 

All analytical data packages will be verified internally for completeness by the laboratory 
performing the work.  The Laboratory QAM will sign the case narrative for each data package. 

Internal Laboratory QAM, Empirical  

Each data package will be verified for completeness by the Tetra Tech Data Validator.  
Missing information will be requested by the Tetra Tech Data Validator from the Laboratory 
PM. 

External Data Validators,  Tetra Tech 
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SAP Works hee t #35 -- Va lida tion  (S teps  IIa  and  IIb) Proces s  Table   

(UFP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual) 
 
 

Step IIa / 
IIb

 
Validation 

Input 
Description 

Responsible for 
Validation (name, 

organization) 
IIa 
 

Chain-of-
Custody Forms 

Custody - Ensure that the custody and integrity of the samples was maintained from 
collection to analysis and the custody records are complete and any deviations are recorded.  
Review that the samples were shipped and store at the required temperature and sample pH 
for chemically-preserved samples meet the requirements listed in Worksheet #19.  Ensure 
that the analyses were performed within the holding times listed in Worksheet #19. 

Project Chemist or Data 
Validators, Tetra Tech 
 

IIa/IIb 
 
 

SAP/ Laboratory 
Data Packages/ 
EDDs  
 
 

Accuracy - Ensure that the laboratory QC samples listed in Worksheet #28 were analyzed 
and that the MPCs listed in Worksheet #12 were met for all field samples and QC analyses.  
Check that specified field QC samples were collected and analyzed and that the analytical 
QC criteria set up for this project were met.   

Project Chemist or Data 
Validators, Tetra Tech 
 
 

Precision - Check the field sampling precision by calculating the RPD for field duplicate 
samples.  Check the laboratory precision by reviewing the RPD or percent difference values 
from laboratory duplicate analyses; MS/MSDs; and LCS/LCSD, if available.  Ensure 
compliance with the methods and project MPCs accuracy goals listed in Worksheet #12. 
Representativeness - Check that the laboratory recorded the temperature at sample receipt 
and the pH of the chemically preserved samples to ensure sample integrity from sample 
collection to analysis. 
Completeness - Review the chain-of-custody forms generated in the field to ensure that the 
required analytical samples have been collected, appropriate sample identifications have 
been used, and correct analytical methods have been applied.  The Tetra Tech Data 
Validator will verify that elements of the data package required for validation are present, and 
if not, the laboratory will be contacted and the missing information will be requested.  
Validation will be performed as per Worksheet #36.  Check that all data have been 
transferred correctly and completely to the final SQL database.   
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Step IIa / 
IIb

 
Validation 

Input 
Description 

Responsible for 
Validation (name, 

organization) 
IIb 
 
 
 

SAP/ Laboratory 
Data Packages/ 
EDDs 
 
 
 

Sensitivity - Ensure that the project LOQs listed in Worksheet #15 were achieved. Project Chemist or Data 
Validators, Tetra Tech 
 
 
 

PALs - Discuss the impact on reported DLs due to matrix interferences or sample dilutions 
performed because of the high concentration of one or more other contaminants, on the 
other target compounds reported as non-detected.  Document this usability issue and inform 
the Tetra Tech PM.  Review and add PSLs to the laboratory EDDs.  Flag samples and notify 
the Tetra Tech PM of samples that exceed PSLs listed in Worksheet #15. 
QA/QC - Ensure that all QC samples specified in the SAP were collected and analyzed and 
that the associated results were within prescribed SAP acceptance limits.  Ensure that QC 
samples and standards prescribed in analytical SOPs were analyzed and within the 
prescribed control limits.  If any significant QC deviations occur, the Laboratory QAM shall 
have contacted the Tetra Tech PM. 
Deviations - Summarize deviations from methods, procedures, or contracts in the Data 
Validation Report.  Determine the impact of any deviation from sampling or analytical 
methods and SOPs requirements and matrix interferences effect on the analytical results.  
Qualify data results based on method or QC deviation and explain all the data qualifications.  
Print a copy of the project database qualified data depicting data qualifiers and data 
qualifiers codes that summarize the reason for data qualifications.  Determine if the data met 
the MPCs and determine the impact of any deviations on the technical usability of the data. 
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SAP Works hee t #36 – Ana lytica l Da ta  Va lida tion  (S teps  IIa  and  IIb) Summary Table  

 (UFP-QAPP Manual Section 5.2.2.1) (Figure 37, page 110 UFP-QAPP Manual) 
 

 
Step IIa / IIb 

 
Matrix 

 
Analytical Group 

 
Validation Criteria 

 
Data Validator 

(title and organizational 
affiliation) 

IIa and IIb Soil  SVOCs (including low 
level PAHs) 

SW-846 8270C method-specific criteria 
and those criteria listed in Worksheet #12, 
#15,#24, and #28. If not included in these 
worksheets, then the logic outlined in 
USEPA Contract Laboratory Program 
National Functional Guidelines for Organic 
Data Review USEPA-540/R-99-008, 
October 1999, will be used to apply 
qualifiers to data.  50 percent full data 
validation will be performed. 

Data Validators, Tetra Tech 

 

IIa and IIb  Soil  Metals 

SW-846 6010C method-specific criteria 
and those listed in Worksheet #12, #15, 
#24, and #28. If not included in these 
worksheets,then  the logic outlined in 
USEPA Contract Laboratory Program 
National Functional Guidelines for 
Inorganic Data Review USEPA-540-R-04-
004, October 2004, will be used to apply 
qualifiers to data.  50 percent full data 
validation will be performed. 

Data Validators, Tetra Tech 

IIa and IIb  Soil  PCBs and Pesticides 

SW-846 8082A and 8081B method-specific 
criteria and those listed in Worksheet 
numbers #12, #15, #24, and #28.  If not 
included in these worksheets, then the 
logic outlined in USEPA Contract 
Laboratory Program National Functional 
Guidelines for Organic Data Review 
USEPA-540/R-99-008, October 1999, will 
be used to apply qualifiers to data.  50 
percent full data validation will be 
performed. 

Data Validators, Tetra Tech 

 
Notes:  Solid and Aqueous IDW results will not be validated. 
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SAP Works hee t #37 -- Us ability As s es s ment 

(UFP-QAPP Manual Section 5.2.3) 
 
Data Usability Assessment 

The usability of the data directly affects whether project objectives can be achieved.  The characteristics 

discussed below will be evaluated, at a minimum, as part of the data usability assessment.  The results of 

these evaluations will be included in the project report.  The characteristics will be evaluated for multiple 

concentration levels if the evaluator determines that this is necessary.  To the extent required by the type 

of data being reviewed, the assessors will consult with other technically competent individuals to render 

sound technical assessments of these DQI characteristics. 

 

Completeness 

For each matrix that was scheduled to be sampled, the Tetra Tech FOL acting on behalf of the Project 

Team will prepare a table listing planned samples/analyses to collected samples/analyses.  If deviations 

from the scheduled sample collection or analyses are identified, the Tetra Tech PM will determine 

whether the deviations compromise the ability to meet project objectives.  If they do, the Tetra Tech PM 

will consult with the Navy RPM and other Project Team members, as necessary (determined by the Navy 

RPM), to develop appropriate corrective actions. 

 

Precision 

The tetra Tech Project Chemist acting on behalf of the Project Team will determine whether precision 

goals for field duplicates and laboratory duplicates were met.  This will be accomplished by comparing 

duplicate results to precision goals identified in Worksheets #12 and #28.  This will also include a 

comparison of field and laboratory precision with the expectation that field duplicate results will be no less 

precise than laboratory duplicate results.  If the goals are not met, or, if data have been flagged as 

estimated (J qualifier), limitations on the use of the data will be described in the project report. 

 

Accuracy 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the 

accuracy/bias goals were met for project data.  This will be accomplished by comparing percent 

recoveries of LCS, LCSD, MS, MSD, and surrogate compounds to accuracy goals identified in 

Worksheet #28.  This assessment will include an evaluation of field and laboratory contamination; 

instrument calibration variability; and analyte recoveries for surrogates, MS, and LCSs.  If the goals are 

not met, limitations on the use of the data will be described in the project report.  Bias of the qualified 
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results and a description of the impact of identified non-compliances on a specific data package or on the 

overall project data will be described in the project report. 

 

Representativeness 

A Tetra Tech Project Scientist identified by the Tetra Tech PM and acting on behalf of the Project Team 

will determine whether the data are adequately representative of intended populations, both spatially and 

temporally.  This will be accomplished by verifying that samples were collected and processed for 

analysis in accordance with this SAP, by reviewing spatial and temporal data variations, and by 

comparing these characteristics to expectations.  The usability report will describe the representativeness 

of the data for each matrix and analytical fraction.  This will not require quantitative comparisons unless 

the professional judgment of the Tetra Tech Project Scientist indicates that a quantitative analysis is 

required.    

 

Comparability 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the data 

generated for this project are sufficiently comparable to historical site data generated by different methods 

and for samples collected using different procedures and under different site conditions.  This will be 

accomplished by comparing overall precision and bias among data sets for each matrix and analytical 

fraction.  This will not require quantitative comparisons unless the professional judgment of the Tetra 

Tech Project Chemist indicates that such quantitative analysis is required. 

 

Sensitivity 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether project 

sensitivity goals listed in Worksheet #15 are achieved.  The overall sensitivity and DLs from multiple data 

sets for each matrix and analysis will be compared.  If sensitivity goals are not achieved, the limitations on 

the data will be described.  The Tetra Tech Project Chemist will enlist the help of the project risk assessor 

to evaluate deviations from planned sensitivity goals. 

 

Project Assumptions and Data Outliers 

The Tetra Tech PM and designated Project Team members will evaluate whether project assumptions 

were valid.  This will typically be a qualitative evaluation but may be supported by quantitative 

evaluations.  The type of evaluation will depend on the assumption being tested.  Quantitative 

assumptions include assumptions related to data distributions (e.g., normal versus log-normal) and 

estimates of data variability.  Potential outliers will be removed if a review of the associated 

documentation indicates that the results have an assignable cause that renders them inconsistent with 
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the rest of the data.  During this evaluation, the team will consider whether outliers could be indications of 

unanticipated site conditions. 

 

Describe the evaluative procedures used to assess overall measurement error associated with the 

project:   

After the completion of data validation, the data and data quality will be reviewed to determine whether 

sufficient data of acceptable quality are available for decision making.  In addition to the evaluations 

described above, a series of inspections and statistical analyses will be performed to estimate these 

characteristics.  The statistical evaluations will include simple summary statistics for target analytes, such 

as maximum concentration, minimum concentration, number of samples with non-detected results, 

number of samples with detected results, and the proportion of samples with detected and non-detected 

results.  The Project Team members identified by the Tetra Tech PM will assess whether the data 

collectively support the attainment of project objectives.  They will consider whether any missing or 

rejected data have compromised the ability to make decisions or to make the decisions with the desired 

level of confidence.  The data will be evaluated to determine whether missing or rejected data can be 

compensated for by other data.  Although rejected data will generally not be used, there may be reason to 

use them in a weight-of-evidence argument, especially when they supplement data that have not been 

rejected.   If rejected data are used, their use will be supported by technically defensible rationales. 

 

Statistical comparisons and mathematical manipulations will be utilized in the evaluation of the results.  

Non-detected values will be substituted in these statistical comparisons and mathematical manipulations 

as appropriate to the statistical method used.  For example, for UCL calculations, the method detection 

limit value will be used according to USEPA guidance.  Duplicate results (original and duplicate) will not 

be averaged for the purpose of representing the range of concentrations.  Duplicate samples will be used 

for quality control purposes, not for the statistical comparisons and mathematical manipulations in the 

evaluation of the results. 

 

Identify the personnel responsible for performing the usability assessment:   

The Tetra Tech PM, Tetra Tech Project Chemist, Tetra Tech FOL, and Tetra Tech Project Scientist will be 

responsible for conducting the listed data usability assessments.  The data usability assessment will be 

reviewed with the Navy RPM, USEPA RPM, and Illinois EPA RPM.  If deficiencies affecting the 

attainment of project objectives are identified, the review will take place either in a face-to-face meeting or 

a teleconference, depending on the extent of identified deficiencies.  If no significant deficiencies are 

identified, the data usability assessment will simply be documented in the project report and reviewed 

during the normal document review cycle. 

 



Project-Specific SAP – Worksheet #37 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2010 
 

011107/P Page 93 of 93 CTO F27A 

Describe the documentation that will be generated during the usability assessment and how 

usability assessment results will be presented so that they identify trends, relationships 

(correlations), and anomalies:   

The data will be presented in tabular format, including data qualifications such as estimation (J, UJ) or 

rejection (R).  Written documentation will support non-compliant estimated or rejected data results.  The 

project report will identify and describe the data usability limitations and suggest resampling or other 

corrective actions, if necessary. 
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1.0   INTRODUCTION 

The objective of this Health and Safety Plan (HASP) is to provide the minimum safety practices and 

procedures to Tetra Tech NUS, Inc. (TtNUS) personnel conduct field activities at Site 12 at Naval Station 

Great Lakes, located in Great Lakes, Illinois. 

 

This HASP has been prepared using the latest available information regarding known or suspected 

chemical contaminants and potential and foreseeable physical hazards associated with the planned work 

at Naval Station Great Lakes.  This HASP has been designed to be used in accordance with the TtNUS 

Health and Safety Guidance Manual.  The Guidance Manual provides detailed information pertaining to 

procedures to be performed on site as directed by the HASP, as well as TtNUS standard operating 

procedures. 

 

This HASP supports proposed tasks and techniques associated with the scope of work (SOW) as 

presented in Section 4.0.  Should the proposed work site conditions and/or suspected hazards change, or 

if new information becomes available, this document will be modified.  Changes to the HASP will be made 

with the approval of the TtNUS CLEAN Health and Safety Manager (HSM) and the Project Manager (PM).  

The PM will notify affected personnel of changes. 

 

The elements of this HASP are in compliance with the requirements established by OSHA 29 Code of 

Federal Regulations (CFR) 1910.120, "Hazardous Waste Operations and Emergency Response" 

(HAZWOPER).  The information contained in this plan, as well as policies on conducting on site 

operations, has been obtained from the TtNUS Health and Safety Program and Naval Station Great 

Lakes policies and procedures. 

 

1.1  AUTHORITY 

This work is authorized under the Comprehensive Long - Term Environmental Action Navy (CLEAN) 

contract, administered through the U.S. Navy Naval Facilities Engineering Command Midwest, as defined 

under Contract Number N62470-08-D-1001; Contract Task Order F27A. 

 

1.2  KEY PROJECT PERSONNEL AND ORGANIZATION 

This section defines responsibilities for site safety and health for TtNUS and subcontractor employees 

conducting environmental sampling and other field activities.  Personnel assigned to these positions shall 

exercise the primary responsibility for the on site health and safety.  These persons will be the primary 
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point of contact for any questions regarding the safety and health procedures and the selected control 

measures. 

 

• The TtNUS PM is responsible for the overall direction and implementation of health and safety for this 

work. 

 

• The TtNUS Field Operations Leader (FOL) is responsible for implementation of this HASP.  The FOL 

manages field activities, executes the work plan, and enforces safety procedures, as applicable to the 

work plan.  Specifically, the FOL will: 

 

- Verify training and medical status of on-site personnel in relation to site activities. 

- Assist and represent TtNUS with emergency services (if needed) 

- Provide elements of site-specific training for on site personnel. 

 

• The TtNUS Site Safety Officer (SSO) or their representative supports the FOL concerning the aspects 

of health and safety including, but not limited to: 

 

- Coordinating the health and safety activities 

- Selecting, applying, inspecting, and maintaining personal protective equipment (PPE) 

- Establishing work zones and control points 

- Implementing air monitoring procedures 

- Implementing hazard communication, respiratory protection, and other associated safety and 

health programs 

- Coordinating emergency services  

- Providing elements of site-specific training 

 

• Compliance with these requirements is monitored by the Project Health and Safety Officer (PHSO) 

and is coordinated through the HSM. 

 

ALL employees are empowered, authorized, and responsible to STOP WORK at any time when an 

imminent and uncontrolled safety or health hazard is perceived.  In a Stop Work event (immediately after 

the involved task has been shut down and the work area has been secured in a safe manner) the 

employee shall contact the Project Manager and the Corporate Health and Safety Manager.  Through 

observations and communication, all parties involved shall then develop, communicate, and implement 

corrective actions necessary and appropriate to modify the task and to resume work. 
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1.3  SITE INFORMATION AND PERSONNEL ASSIGNMENTS 

Site Name: Naval Station Great Lakes Site 12   Address: Great Lakes, Illinois  

 
Address: 201 Decatur Avenue           
 
U.S. Navy Remedial Project Manager/Engineer-In-Charge/Site Point of Contact: Howard Hickey  

Phone Number: (847) 688-2600 Ext. 243 and (847) 815-6719 (cell)   

 
Purpose of Site Visit: TtNUS will conduct a remedial investigation and associated activities   

 
Proposed Dates of Work:  November 2009 through completion       
 
Project Team: 
 
Tetra Tech NUS Personnel:  Discipline/Tasks Assigned: 
Robert Davis, P.E.  Project Manager (PM) 
TBD  Field Operations Leader (FOL) 
Chuck Metz  Technical Expert 
Matthew M. Soltis, CIH, CSP  Health and Safety Manager (HSM) 
Jennifer Carothers, PhD  Project Health and Safety Officer (PHSO) 
TBD   Site Safety Officer (SSO) 
TBD  Geologist 
 
Subcontractor Personnel:  Discipline/Tasks Assigned: 
TBD  Driller 
TBD  Surveyor 
   
 
Hazard Assessment (for purposes of 29 CFR 1910.132) for HASP preparation has been conducted by: 
 
Prepared by: Jennifer Carothers, PhD   
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2.0   EMERGENCY ACTION PLAN 

2.1  INTRODUCTION 

This section has been developed as part of a planning effort to direct and guide field personnel in the 

event of an emergency.  However, given the nature and scope of planned site activities, significant 

emergency situations are unlikely.  In the event of an emergency, TtNUS personnel will provide 

emergency response support only to the capabilities of on site personnel.  Emergency situations that are 

beyond the capabilities of on site TtNUS personnel will require assistance from outside emergency 

responders.  In the event of emergencies that are beyond the capabilities of on site personnel, an 

evacuation will be initiated.  In an evacuation, site personnel will move to a safe place of refuge and the 

appropriate emergency response agencies will be notified.  The emergency response agencies listed in 

Table 2-1 of this plan are capable of providing the most effective response, and as such, will be 

designated as the primary responders.  These agencies are located within a reasonable distance from the 

areas of site operations, which ensures adequate emergency response time.  This emergency action plan 

conforms to the requirements of Occupational Safety and Health Administration (OSHA) Standard 29 

CFR 1910.38(a), as allowed in OSHA 29 CFR 1910.120(I)(1)(ii). 

 

TtNUS personnel will, through the necessary actions, provide incidental response measures for incidents 

such as: 

 

• Incipient fire and spill prevention and response 

• Removal of personnel from emergency situations 

• Provision of initial medical support for injury/illnesses requiring only first-aid level support 

• Provision of site control and security measures, as necessary 

 

2.2  EMERGENCY PLANNING 

Through the initial hazard/risk assessment effort, there is very minor potential for injury or illnesses 

resulting from exposure to chemical, physical, or other hazards, and subsequently little likelihood of  

emergency situations.  To further minimize or eliminate potential emergency situations, pre-emergency 

planning activities associated with this project will be implemented.  The FOL is responsible for: 

 

• Coordinating response actions with Naval Station Great Lakes Emergency Services personnel to 

ensure that TtNUS emergency action activities are compatible with existing facility emergency 

response procedures. 
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• Identifying a chain of command for emergency action. 

 

• Educating site workers to the hazards and control measures associated with planned activities at the 

site, and providing early recognition and prevention, where possible. 

 

2.3  EMERGENCY RECOGNITION AND PREVENTION 

2.3.1  Recognition 

Foreseeable emergency situations that may be encountered during site activities will generally be 

recognizable by visual observation.  Visual observation will be the principal method of identifying any 

hazards that may be associated with the proposed SOW.  These potential hazards, the activities with 

which they have been associated, and the recommended control methods are discussed in detail in 

Sections 5.0 and 6.0 of this document. 

 

2.3.2  Prevention 

TtNUS personnel will minimize the potential for emergencies by ensuring compliance with the HASP, the 

Health and Safety Guidance Manual, applicable OSHA regulations, and by following directions given by 

those persons responsible for the health, safety, and welfare of site personnel.  

 

2.4  SAFE DISTANCES AND PLACES OF REFUGE 

In the event that the site must be evacuated, personnel will immediately stop activities and report to a pre-

determined safe place of refuge.  The safe place of refuge may also serve as the telephone 

communication point, as communication with emergency response agencies may be necessary.  

Telephone communication points and safe places of refuge will be determined prior to the 

commencement of site activities and will be conveyed to personnel as part site-specific training and/or 

daily safety meetings.  Upon reporting to the refuge location, personnel will remain there until directed 

otherwise by the TtNUS FOL or the On-Scene Incident Commander.  The FOL will take a head count at 

this location to confirm the presence of site personnel.  Emergency response agencies will be notified of 

any unaccounted for personnel. 

 

2.5  EVACUATION ROUTES AND PROCEDURES 

Once an evacuation is initiated, personnel will terminate site activities and proceed immediately to the 

designated place of refuge, unless doing so would further jeopardize the welfare of workers.  In such an 

event, personnel will proceed to a designated alternate location and remain there until further notification 
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from the FOL.  The use of these locations as assembly points provides communication and a direction 

point for emergency services, should they be needed. 

 

2.5.1  Decontamination Procedures/Emergency Medical Treatment 

During any site evacuation, decontamination procedures will be performed only if doing so does not 

further jeopardize the welfare of site workers.  Decontamination will be postponed if the incident warrants 

immediate evacuation.   

 

TtNUS personnel will perform removal of personnel from emergency situations and may provide initial 

medical support for injury/illnesses requiring only first-aid level support.  Medical attention above that level 

will require assistance and support from the designated emergency response agencies.  Attachment I 

provides the procedure to follow when reporting an injury/illness, and the form to be used for this purpose.  

If the emergency involves personnel exposures to chemicals, follow the steps provided in 
Figure 2-1. 
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FIGURE 2-1 
POTENTIAL EXPOSURE PROTOCOL 

The purpose of this protocol is to provide guidance for the medical management of exposure situations.   

In the event of a personnel exposure to a hazardous substance or agent: 

 
• Rescue, when necessary, employing proper equipment and methods. 
 
• Give attention to emergency health problems -- breathing, cardiac function, bleeding, and shock. 
 
• Transfer the victim to the medical facility designated in this HASP by suitable and appropriate 

conveyance (i.e. ambulance for serious events)  
 
• Obtain as much exposure history as possible (a Potential Exposure Report is attached). 
 
• If the exposed person is a TtNUS employee, call the medical facility and advise them that the 

patient(s) is/are being sent and that they can anticipate a call from the WorkCare physician.  
WorkCare will contact the medical facility and request specific testing which may be appropriate.  The 
care of the victim will be monitored by WorkCare physicians.  Site officers and personnel should not 
attempt to get this information, as this activity leads to confusion and misunderstanding. 

 
• Call WorkCare at (800) 455-6155 (enter Ext. 109), or follow the voice prompt for after hours and 

weekend notification, and be prepared to provide: 
 

1) Any known information about the nature of the exposure. 
2) As much of the exposure history as was feasible to determine in the time allowed. 
3) Name and phone number of the medical facility to which the victim(s) has/have been taken. 
4) Name(s) of the exposed TtNUS, Inc. employee(s). 
5) Name and phone number of an informed site officer who will be responsible for further 

investigations. 
 

• Fax appropriate information (e.g., Material Safety Data Sheets [MSDS]) to WorkCare at 
(714) 456-2154. 

 
• Contact Corporate Health and Safety Department (Matt Soltis) and Human Resources Manager 

(Marilyn Duffy) at (412) 921-7090. 
 

As environmental data is gathered and the exposure scenario becomes more clearly defined, this 

information should be forwarded to WorkCare. 

 

WorkCare will compile the results of data and provide a summary report of the incident.  A copy of this 

report will be placed in each victim’s medical file in addition to being distributed to appropriately 

designated company officials. 

 

Each involved worker will receive a letter describing the incident but deleting any personal or individual 

comments.  This generalized summary will be accompanied by a personalized letter describing the 

individual’s findings/results.  A copy of the personal letter will be filed in the continuing medical file 

maintained by WorkCare. 
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FIGURE 2-1 (continued) 
POTENTIAL EXPOSURE REPORT 

 
Name:  Date of Exposure:  
   
Social Security No.:  Age:  Sex:  
   
Client Contact:  Phone No.:  
   
Company Name:   
 

I. Exposing Agent 
 Name of Product or Chemicals (if known):       
              
 Characteristics (if the name is not known) 
 Solid  Liquid  Gas  Fume  Mist  Vapor 
 
II. Dose Determinants 
 What was individual doing?          
 How long did individual work in area before signs/symptoms developed?     

Was protective gear being used?  If yes, what was the PPE?       
Was there skin contact?           
Was the exposing agent inhaled?         
Were other persons exposed?  If yes, did they experience symptoms?     

 
III. Signs and Symptoms (check off appropriate symptoms) 
 

Immediately With Exposure: 
Burning of eyes, nose, or throat Chest Tightness / Pressure 
Tearing Nausea / Vomiting 
Headache Dizziness 
Cough Weakness 
Shortness of Breath 

 
Delayed Symptoms: 

Weakness Loss of Appetite 
Nausea / Vomiting Abdominal Pain 
Shortness of Breath Headache 
Cough Numbness / Tingling 
 

IV. Present Status of Symptoms (check off appropriate symptoms) 
Burning of eyes, nose, or throat Nausea / Vomiting 
Tearing Dizziness 
Headache Weakness 
Cough Loss of Appetite 
Shortness of Breath Abdominal Pain 
Chest Tightness / Pressure Numbness / Tingling 
Cyanosis 
 
Have symptoms:  (please check off appropriate response and give duration of symptoms) 
Improved:   Worsened:   Remained Unchanged:   
 

V. Treatment of Symptoms (check off appropriate response) 
 None:       Self-Medicated:   Physician Treated:   
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2.6  EMERGENCY ALERTING AND ACTION/RESPONSE PROCEDURES 

Since TtNUS personnel will be working in close proximity to each other, voice commands will comprise 

the mechanisms to alert site personnel of an emergency.  If an incident occurs, site personnel will initiate 

the following procedures: 

 

• Initiate incident alerting procedures (if needed) verbally. 

 

• Describe to the FOL (who will serve as the Incident Coordinator) what has occurred and provide as 

many details as possible. 

 

• If the FOL determines that the situation is beyond the capabilities of the site personnel emergency 

services will be contact using the emergency reference information listed in Table 2-1.  Explain the 

situation and the appropriate emergency services will be dispatched.  Stay on the phone and follow 
the instructions of the emergency contact. 

 

2.7  EMERGENCY CONTACTS 

Prior to performing work at the site, personnel will be thoroughly briefed on the emergency procedures to 

be followed in the event of an accident.  Table 2-1 provides a list of emergency contacts and their 

corresponding telephone numbers.  This table will be made readily available to site personnel and copies 

will be placed in each of the site vehicles. 
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TABLE 2-1 
EMERGENCY REFERENCE 

NAVAL STATION GREAT LAKES 
 

AGENCY TELEPHONE 

EMERGENCY 9-1-1 

Police, Fire/Hazardous Materials Release, EMS  (847) 688-3333* 

Base Contact, Mr. Howard Hickey 
(847) 688-2600 x 243 

(847) 815-6719 

Hospital: 

North Chicago VA Medical Center  
(847) 473-7830 

Poison Control Center (800) 222-1222 

Project Manager, Biff Cummings  (412) 320-2220 

CLEAN Health and Safety Manager, Matthew Soltis, CIH, CSP (412) 921-8912 

Project Health and Safety Officer, Jennifer Carothers, PhD (412) 921-8083 

Chemtrec (800) 424-9300 

National Response Center (800) 424-8802 

Tetra Tech NUS, Pittsburgh Office (412) 921-7090 

 

* WHEN DIALING FROM A BASE TELEPHONE, USE THE LAST FOUR DIGITS ONLY



7th Ace 	 Shore Aces 
Coen Fry Club 

04, Ace 

Preble Are 

ti 50 0, Sr 

Yeager D! 

Fi4 	 6tickie1,  Rd 

1 1 1 lth NA. 	a' 

N17 
8th Ave. 

r Center 
Er-tc.k. 

rro

C 

 

A St 

g 	(73  47181411.... 
L4'  

[73 

E St 

Site 12 
G St 

Si 

Revision 0 
November 2009 

Naval Station Great Lakes 2-8 CTO F27A  

2.8     EMERGENCY ROUTE TO HOSPITAL 
 
 
 

FIGURE 2-2 
DIRECTIONS TO NORTH CHICAGO VA MEDICAL CENTER 

FROM SITE 12 
 
North Chicago VA Medical Center 
3001 Green Bay Rd, 
North Chicago, Illinois 60064 
(847) 688-1900 
http://www.northchicago.va.gov/ 
Total Travel Estimates: 7 minutes / 2.02 miles 
 
 
A: Site 12 
 
1: Start out going North to 10TH St 0.2 miles 
2. Turn LEFT onto 10TH ST 0.2 miles 
3. Turn RIGHT on E ST toward 6TH ST. 0.1 miles 
4: Turn RIGHT onto 6TH ST 0.0 miles 
5: Turn LEFT onto D ST. 0.4 miles 
6: Turn RIGHT onto SHERIDAN RD 0.2 miles 
7: Take the IL-137 ramp. 0.2 miles 
8: Turn SLIGHT RIGHT onto IL-137 W/BUCKLEY RD/CR-20 W/DOWNEY RD. 0.8 miles 
9: Turn LEFT onto IL-131/GREEN BAY RD 0.3 miles 
10: 3001 GREEN BAY RD is on the LEFT. 0.0 miles 
B: North Chicago VA Medical Center 
 

 



Revision 0 
November 2009 

Naval Station Great Lakes 2-9 CTO F27A  

2.9  INJURY AND ILLNESS REPORTING 

Any pertinent information regarding allergies to medications or other special conditions will be provided to 

medical service personnel.  This information is listed on Medical Data Sheets (see Attachment II) filed 

onsite.  If an exposure to hazardous materials has occurred, provide hazard information from Table 6-1 to 

medical service personnel.  As soon as possible, the Navy contact must be informed of any incident or 

accident that requires medical attention. 

 

2.10  PPE AND EMERGENCY EQUIPMENT 

First-aid kits, eye wash units (or bottles of disposable eyewash solution) and fire extinguishers will be 

maintained onsite and shall be immediately available for use in the event of an emergency.  This 

equipment will be located in the field office or site vehicles.  Personnel will only provide first-aid 

assistance to the level of their training. 

 



Revision 0 
November 2009 

Naval Station Great Lakes 3-1 CTO F27A 

3.0   SITE BACKGROUND 

3.1  SITE DESCRIPTION 

The Naval Station Great Lakes is located in Lake County, Illinois, on the shore of Lake Michigan about 

50 miles north of downtown Chicago.  Dedicated in 1911, Naval Station Great Lakes is the largest naval 

training center in the United States.  Naval Station Great Lakes consists of approximately 1,650 acres 

with over 1,000 buildings. 

 

3.2 SITE 12 (HARBOR DREDGE SPOIL AREA) 

Site 12, the Harbor Dredge Spoil Area is approximately 4 acres located in a flat area on the shore of the 

Naval Training Center Outer Harbor. The Area is bounded by the lake on the east, beach to the north and 

south, and by an approximately 50-foot high bluff on the west. The area was used to deposit sediment 

from harbor dredging activities that occurred during in the 1950s and 1970s. In addition, the site has 

reportedly accepted demolition debris and other waste over the years. The area is currently grassed and 

is used for picnic and recreational purposes. 

 

The Inner Harbor sediments are contaminated with heavy metals, PCB, and oils. The source of these 

contaminants was identified as the industries located upstream from the activity. Hazardous wastes 

generated by private industry upstream of the activity may have entered the harbor, and these wastes 

may pose a threat to the environment, even though there is no history of direct dumping in the harbor. 

Similarly, the sediments dredged from the harbor may contain concentrations of hazardous materials.



Revision 0 
November 2009 

Naval Station Great Lakes 4-1 CTO F27A 

4.0   SCOPE OF WORK 

This section discusses the specific tasks that are to be conducted as part of this SOW at Naval Station 

Great Lakes.  These tasks are the only ones addressed by this HASP.  Any tasks to be conducted 

outside of the elements listed here will be considered a change in scope requiring modification of this 

document.  The PM or a designated representative will submit the requested modifications to this 

document to the HSM. 

 

Specific tasks to be conducted include, but are not necessarily limited to, the following: 

 

• Mobilization/demobilization 

• Utility Clearance 

• Monitoring well installation and soil and groundwater sampling via Direct Push Technology (DPT) and 

Hollow Stem Auger (HSA) 

• Decontamination 

• Investigation-derived waste management 

 

For more detailed description of the associated tasks, refer to the Work Plan (WP). 
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5.0   IDENTIFYING AND COMMUNICATING TASK-SPECIFIC HAZARDS AND 
GENERAL SAFE WORK PRACTICES 

The purpose of this section is to identify the anticipated hazards and appropriate hazard 

prevention/hazard control measures that are to be observed for each planned task or operation. These 

topics have been summarized for each planned task through the use of task-specific Safe Work Permits 

(SWPs) that are to be reviewed in the field by the SSO with task participants prior to initiating any task.  

Additionally, potential hazard and hazard control matters that are relevant but are not necessarily task-

specific are addressed it the following portions of this section. 

 

Section 6.0 presents additional information on hazard anticipation, recognition, and control relevant to the 

planned field activities. 

 

5.1  GENERAL SITE SAFE WORK PRACTICES 

In addition to the task-specific work practices and restrictions identified in the SWPs attached to this 

HASP, the following general safe work practices are to be followed when conducting work on-site.   

 

• Eating, drinking, chewing gum or tobacco, taking medication, or smoking in contaminated or 

potentially contaminated areas or where the possibility for the transfer of contamination exists is 

prohibited. 

 

• Wash hands and face thoroughly upon leaving a contaminated or suspected contaminated area.  If a 

source of potable water is not available at the work site that can be used for hands-washing, the use 

of waterless hands cleaning products will be used, followed by actual hands-washing as soon as 

practicable upon exiting the site.   

 

• Avoid contact with potentially contaminated substances including puddles, pools, mud, or other such 

areas.  Avoid, kneeling on the ground or leaning or sitting on equipment.  Keep monitoring equipment 

away from potentially contaminated surfaces. 

 

• Plan and mark entrance, exit, and emergency evacuation routes.  

 

• Rehearse unfamiliar operations prior to implementation. 

 

• Buddies should maintain visual contact with each other and with other on-site team members by 

remaining in close proximity to assist each other in case of emergency. 
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• Establish appropriate safety zones including support, contamination reduction, and exclusion zones.  

 

• Minimize the number of personnel and equipment in contaminated areas (such as the exclusion 

zone).  Non-essential vehicles and equipment should remain within the support zone. 

 

• Establish appropriate decontamination procedures for leaving the site.  

 

• Immediately report all injuries, illnesses, and unsafe conditions, practices, and equipment to the SSO. 

 

• Observe co-workers for signs of toxic exposure and heat or cold stress. 

 

• Inform co-workers of potential symptoms of illness, such as headaches, dizziness, nausea, or blurred 

vision. 

 

5.2  DPT/HSA SAFE WORK PRACTICES 

The following Safe Work Practices are to be followed when working in or around the DPT/HSA 

Operations (HSGM, Section 7.0). 

 

• Identify underground utilities and buried structures before commencing any DPT/HSA operations.  

Follow the TtNUS Utility Locating and Excavation Clearance Standard Operating Procedure. 

 

• DPT/HSA rigs will be inspected by the SSO or designee, prior to the acceptance of the equipment at 

the site and prior to the use of the equipment.  Repairs or deficiencies identified will be corrected prior 

to use.  The inspection will be accomplished using the Equipment Inspection Checklist for DPT/HSA 

rigs provided in Attachment III.  After the initial inspection and release for use on site, additional 

inspections will be performed at least at the beginning of every 5 or 10-day shift, or following any 

repairs or significant maintenance activities. 

 

• Ensure that all machine guarding is in place and properly adjusted. 

 

• Block the DPT/HSA rig and use levelers to prevent inadvertent movement. 

 

• The work area around the point of operation will be cleared to the extent possible to remove any trip 

hazards near or surrounding operating equipment. 
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• The driller’s helper will establish an equipment staging and laydown plan.  The purpose of this is to 

keep the work area clear of clutter and slips, trips, and fall hazards.  Mechanisms to secure heavy 

objects such as DPT/HSA flights will be provided to avoid the collapse of stacked equipment. 

 

• Minimize contact to the extent possible with contaminated tooling and environmental media.  

Potentially contaminated tooling will be placed on polyethylene sheeting for storage and wrapped for 

transport to the centrally located equipment decontamination area 

 

• Support functions (sampling and screening stations) will be maintained a minimum distance from the 

DPT/HSA rig of the height of the mast plus five feet, but not less than 25 feet around the rig. 

  

• Only qualified operators and knowledgeable ground crew personnel will participate in the operation of 

the DPT/HSA rig. 

 

• During maintenance, use only manufacturer provided/approved equipment (i.e. auger flight 

connectors, etc.) 

 

• In order to minimize contact with potentially contaminated tooling and media and to minimize lifting 

hazards, multiple personnel should be used to move auger flights and other heavy tooling. 

 

• Only personnel absolutely essential to the work activity will be allowed in the exclusion zone.  

 

• Equipment used within the exclusion zone will undergo a complete decontamination and evaluation 

by the FOL and/or the SSO to determine cleanliness prior to moving to the next location, exiting the 

site, or prior to down time for maintenance. 

 

• Motorized equipment will be fueled prior to the commencement of the day’s activities.   

 

• When not in use DPT/HSA rig will be shutdown, and emergency brakes set and wheels will be 

chocked to prevent movement. 

 

Investigative areas will be restored to equal or better condition than original to remove any contamination 

brought to the surface and to remove any physical hazards.  In situations where these hazards cannot be 

immediately removed, the area will be barricaded to limit access. 
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6.0   HAZARD ASSESSMENT 

This section provides information regarding the chemical and physical hazards which may be associated 

with the Site and the activities that are to be conducted as part of the SOW.  .   

 

6.1  CHEMICAL HAZARDS 

There has been limited data from previous site investigations conducted at Site 12, however based on an 

evaluation of the data and historical information, the primary site COCs from past history are, volatile 

organic compounds (VOCs), pesticides, and metals (primarily lead).  Table 6-1 shows a comparison of 

the maximum concentrations of some of the primary COCs previously detected on the site, their worst-

maximum concentrations previously detected, and to current Occupational Exposure Limits (OELs). 

 
TABLE 6-1 

COMPARISON OF COC CONCENTRATIONS  
WITH CURRENT OCCUPATIONAL EXPOSURE LIMITS 

Particulates 

Contaminant 
of Concern 

Highest Concentration 
Previously Detected in 

Soil  

Amount of Dust-in-Air that 
would have to be 

generated before PEL/TLV 
would be reached 

Current OSHA PEL 
and ACGIH TLV 

(Pesticides) 
DDT 0.830 mg/kg 301000 mg/m3 ACGIH: 1 mg/m3 

OSHA: 1 mg/m3 
Lead 396.40 mg/kg 31.53 mg/m3 OSHA & ACGIH:0.5 mg/m3, TWA8 

Arsenic 20.85 mg/kg 119.90 mg/m3 ACGIH: 0.01 mg/m3 
OSHA: 0.01 mg/m3 ;TWA8 

VOCs 

Contaminant 
of Concern 

Highest Concentration 
Previously Detected in 

Soil 

Worst-Case-Scenario Air 
Concentration 

Current OSHA PEL 
and ACGIH TLV 

Acetone 169 ug/kg 24.48 ppm ACGIH: 1 ppm 
OSHA: 1 ppm - TWA8 

Methylene 
Chloride 69 ug/kg 18.11 ppm 

ACGIH: 50 ppm 
OSHA: 25 ppm - TWA8; 

125 ppm -  STEL 

Toluene 25 ug/kg 0.4 ppm 

ACGIH: 20 ppm 
OSHA: 200 ppm - TWA8 

300 ppm - Ceiling; 
500ppm - 10-min peak in 8 hour shift 

 

Table Notes:  

• TWA8:  Average air concentration over an 8-hour work period that is not to be exceeded  

• TCE OSHA STEL: Concentration in air that is not to be exceed for more than 5 minutes in any 3 hour 

period 

• ACGIH STEL:  Concentration in air that is not be exceeded for more than 15 minutes more than 4 

times per day 
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6.1.1 Volatile Organic Compounds (VOCs) 

VOCs are emitted as gases from certain solids or liquids. VOCs include a variety of chemicals, some of 

which may have adverse health effects. VOCs are emitted by a wide array of products numbering in the 

thousands. Examples include: paints and lacquers, paint strippers, cleaning supplies, pesticides, building 

materials and furnishings, office equipment such as copiers and printers, correction fluids and carbonless 

copy paper, graphics and craft materials including glues and adhesives, permanent markers, and 

photographic solutions. 

 

Exposure to VOCs can cause irritation of the nose and throat and central nervous system (CNS) 

depression, with symptoms such as drowsiness, dizziness, giddiness, headache, loss of coordination. 

High concentrations can cause numbness and facial pain, reduced eyesight, unconsciousness, irregular 

heartbeat and death.  Very high concentrations can cause death due to CNS effects, and, in rare cases, 

irregular heart beat.  Permanent nervous system damage and/or liver injury have resulted from severe 

overexposure. 

 

6.1.2 Pesticides 

A pesticide is any substance or mixture of substance intended for preventing, destroying, repelling or 

mitigating any pest. 

 

Symptoms of pesticide exposure include abdominal pain, dizziness, headaches, nausea, vomiting, as 

well as skin and eye problems. 

 

6.1.3 Metals 

There are 35 metals that concern us because of occupational or residential exposure; 23 of these are the 

heavy elements or "heavy metals": antimony, arsenic, bismuth, cadmium, cerium, chromium, cobalt, 

copper, gallium, gold, iron, lead, manganese, mercury, nickel, platinum, silver, tellurium, thallium, tin, 

uranium, vanadium, and zinc. 

 

Heavy metal toxicity can result in damaged or reduced mental and central nervous function, lower energy 

levels, and damage to blood composition, lungs, kidneys, liver, and other vital organs. Long-term 

exposure may result in slowly progressing physical, muscular, and neurological degenerative processes 

that mimic Alzheimer's disease, Parkinson's disease, muscular dystrophy, and multiple sclerosis.  

Allergies are not uncommon and repeated long-term contact with some metals or their compounds may 

even cause cancer. 
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Lead, specifically, is a potential contaminant of concern at Site 12.  Lead is a poisonous metal that can 

damage nervous connections and cause blood and brain disorders. Because of its low reactivity and 

solubility, lead poisoning usually only occurs in cases when the lead is dispersed, like when sanding lead 

based paint, or long term exposure in the case of pewter tableware. The effects of lead are the same 

whether it enters the body through breathing or swallowing.  Lead can affect almost every organ and 

system in the body. The main target for lead toxicity is the nervous system, both in adults and children.  

Exposure to high lead concentrations can severely damage the brain and kidneys and ultimately cause 

death. 

 

6.1.4  Inhalation 

Based on an evaluation of the data concerning the metals previously detected on the site, the amount of 

dust-in-air that would have to be generated to reach current OELs is well within the spectrum visible to 

the naked eye (>2.0mg m3).  Therefore, the use of area wetting techniques to suppress dust generation is 

sufficient for this site to protect against the generation of metal-containing dust. 

 

In addition, from a worst-case scenario, it is not thought that any of the VOCs concentrations immediately 

above a captured air phase above contaminated media (such as in the head space of a monitoring well) 

could reach concentrations that exceed permissible limits. In addition, it is important to recognize the 

following: 

 

• the planned work area is outdoors, with ample natural ventilation that will reduce any airborne  

through dilution and dispersion 

 

As a result of this, it is very unlikely that workers participating in this activity will encounter any airborne 

concentrations of VOCs that would represent an inhalation exposure concern.  To monitor this route, real-

time direct reading monitoring instruments will be used (as described in Section 7.0).  This will performed 

during intrusive tasks, as these tasks are the most likely to involve encountering/releasing any VOCs and 

into the air phase.  

 

6.1.5 Ingestion and Skin Contact 

Potential exposure concerns to VOCs/pesticides/metals (lead) may also occur through ingesting or 

coming into direct skin contact with contaminated media.  The likelihood of worker exposure concerns 

through these two routes are also considered very unlikely, provided that workers follow good personal 

hygiene and standard good sample collection/sample handling practices, and wear appropriate PPE as 
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specified in this HASP.  Examples onsite practices that are to be observed that will protect workers from 

exposure via ingestion or skin contact include the following: 

 

• No hand-to-mouth activities on site (eating, drinking, smoking, etc.) 

• Washing hands upon leaving the work area and prior to performing any hand to mouth activities 

• Wearing surgeon's-style gloves whenever handling potentially-contaminated media, including 

groundwater, bailing tools, and sample containers. 

 

6.2  PHYSICAL HAZARDS 

The following is a list of physical hazards that may be encountered at the site or may be present during 

the performance of site activities. 

 

• Slip, trips, and falls 

• Strain/muscle pulls from heavy lifting 

• Heat/Cold Stress 

• Pinch/compression points 

• Natural hazards (snakes, ticks, poisonous plants, etc.) 

• Vehicular and equipment traffic 

• Inclement weather 

 

These hazards are discussed further below, and are presented relative to each task in the task-specific 

SWPs. 

 

6.2.1  Slips, Trips, and Falls 

During various site activities there is a potential for slip, trip, and fall hazards associated with wet, steep, 

or unstable work surfaces.  To minimize hazards of this nature, personnel required to work in and along 

areas prone to these types of hazards will be required to exercise caution, and use appropriate 

precautions (restrict access, guardrails, life lines and/or safety harnesses) and other means suitable for 

the task at hand.  Site activities will be performed using the buddy system. 

 

6.2.2  Strain/Muscle Pulls from Heavy Lifting 

During execution of planned activities there is some potential for strains, sprains, and/or muscle pulls due 

to the physical demands and nature of this site work.  To avoid injury during lifting tasks personnel are to 

lift with the force of the load carried by their legs and not their backs.  When lifting or handling heavy 
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material or equipment use an appropriate number of personnel.  Keep the work area free from ground 

clutter to avoid unnecessary twisting or sudden movements while handling loads.  

 

6.2.3  Heat/Cold Stress 

Because of the geographical location of the planned work, the likely seasonal weather conditions that will 

exist during the planned schedule, and the physical exertion that can be anticipated with some of the 

planned tasks, it will be necessary for the field team to be aware of the signs and symptoms and the 

measures appropriate to prevent heat/cold stress.   This is addressed in detail in Section 4.0 of the 

TtNUS Health and Safety Guidance Manual, which the SSO is responsible for reviewing and 

implementing as appropriate on this project.   

 

6.2.4  Pinch/Compression Points 

Handling of tools, machinery, and other equipment on site may expose personnel to pinch/compression 

point hazards during normal work activities.  Where applicable, equipment will have intact and functional 

guarding to prevent personnel contact with hazards.  Personnel will exercise caution when working 

around pinch/compression points, using additional tools or devices (e.g., pinch bars) to assist in 

completing activities. 

 

6.2.5  Vehicular and Equipment Traffic 

Hazards associated with vehicular and equipment traffic are unlikely to exist during site activities.  To 

minimize the potential for injuries associated with potential vehicular hazards, site personnel will be 

instructed to maintain awareness of traffic and moving equipment when performing site activities.  When 

working near roadways, site personnel will wear high visibility vests.   

 

6.3  NATURAL HAZARDS 

Natural hazards such as poisonous plants, bites from poisonous or disease carrying animals or insects 

(e.g., snakes, ticks, mosquitoes) are often prevalent at sites that are being investigated as part of 

hazardous waste site operations.  To minimize the potential for site personnel to encounter these 

hazards, nesting areas in and about work areas will be avoided to the greatest extent possible.  Work 

areas will be inspected to look for any evidence that dangerous animals may be present.   

 

During warm months (spring through early fall), tick-borne Lyme Disease may pose a potential health 

hazard.  The longer a disease carrying tick remains attached to the body, the greater the potential for 

contracting the disease.  Wearing long sleeved shirts and long pants (tucked into boots and taped) will 

prevent initial tick attachment, while performing frequent body checks will help prevent long term 
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attachment.  Site first aid kits should be equipped with medical forceps and rubbing alcohol to assist in 

tick removal.  For information regarding tick removal procedures and symptoms of exposure, consult 

Section 4.0 of the Health and Safety Guidance Manual. 

 

West Nile Virus (WNV) and other mosquito-borne diseases may occur when an infected mosquito sucks 

blood from a person.  About one in 150 people infected with WNV will develop severe illness. Severe 

symptoms can include high fever, headache, neck stiffness, stupor, disorientation, coma, tremors, 

convulsions, muscle weakness, vision loss, numbness and paralysis. These symptoms may last several 

weeks, and neurological effects may be permanent.  Up to 20 percent of the people who become infected 

have symptoms such as fever, headache, and body aches, nausea, vomiting, and sometimes swollen 

lymph glands or a skin rash on the chest, stomach and back. Symptoms can last for as short as a few 

days, though even healthy people have become sick for several weeks.  Approximately 80 percent of 

people (about 4 out of 5) who are infected with WNV will not show any symptoms at all.  

 
Although no longer common in the United States, malaria may occur when a mosquito or other infected 

insect sucks blood from an infected person, and the insect becomes the carrier to infect other hosts.  The 

parasite reproduces within the mosquito, and is then passed on to another person through the biting 

action.  Acute symptoms include chills accompanied by fever and general flu-like symptoms.  This 

generally terminates in a sweating stage.  These symptoms may recur every 48 to 72 hours.  

 

Contact with poisonous plants and bites or stings from poisonous insects are other potential natural 

hazards.  Long sleeved shirts and long pants (tucked into boots), and avoiding potential nesting areas, 

will minimize the potential for exposure.  Additionally, insect repellents may be used by site personnel.  

Personnel who are allergic to stinging insects (such as bees, wasps and hornets) must be particularly 

careful since severe illness and death may result from allergic reactions.  As with any medical condition or 

allergy, information regarding the condition must be listed on the Medical Data Sheet (see Attachment II 

of this HASP), and the FOL or SSO notified. 

 

In general, avoidance of areas of known infestation or growth will be the preferred exposure control for 

insects/animals and poisonous plants.  Specific discussion on principle hazards of concern follows: 

 

6.3.1  Insect/Animal Bites and Stings 

Various insects and animals may be present and should be considered.  Areas to be investigated could 

be prime nesting and/or hiding locations for snakes and other insects.  Personnel should avoid reaching 

into areas that are not visibly clear of snakes or insects.  Snake chaps will be worn in areas of known or 

anticipated snake infestation.  Site personnel who are allergic to stinging insects such as bees, wasps, 

and hornets must be particularly careful since severe illness and death may result from allergic reactions.  
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As with any medical condition or allergy, information regarding the condition must be listed on the Medical 

Data Sheet and the FOL and SSO notified. 

 

6.3.2  Inclement Weather 

Project tasks under this SOW will be performed outdoors.  As a result, inclement weather may be 

encountered.  In the event that adverse weather conditions arise (electrical storms, hurricanes, etc.), the 

FOL and/or the SSO will be responsible for temporarily suspending or terminating activities until 

hazardous conditions no longer exist. 
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7.0   HAZARD MONITORING – TYPES AND ACTION LEVELS 

The primary COCs are not expected to be present in concentrations that could present an inhalation 

hazard according to previous data.  However, since there is limited prior data and there has not been a 

complete characterization of the site, a direct reading instrument will be used to monitor worker 

exposures to possible chemical hazard.  Either a Photoionization Detector (PID) with a lamp energy of 

10.6 eV or a Flame Ionization Detector (FID) may be used to monitor the air when conducting intrusive 

activities. 

 

In addition, workers will monitor for visible dust, and area wetting techniques will be used to suppress 

dust generation, if necessary. 

 

7.1  INSTRUMENTS AND USE  

Instruments will be used primarily to monitor source points and worker breathing zone areas, while 

observing instrument action levels.  The SSO shall obtain and document the daily background (BG) 

reading at an upwind, unaffected area and observe for readings above that BG level.  The SSO shall 

monitor source areas (e.g., monitoring wells) for the presence of any reading above the daily-established 

BG level.  If elevated readings are observed, the SSO shall monitor the workers breathing zone (BZ) 

areas with the PID/FID.  If the appropriate instrument Action Level is exceeded (see below), the following 

process will be followed: 

 

• The SSO shall order all personnel to stop work and retreat upwind to a safe, unaffected area, where 

they will remain until further directed by the SSO.   

 

• The SSO shall allow at least 5 minutes to pass so that the work area can ventilate, and will then re-

approach the work area while continuously monitoring the BZ areas.   

 

• Only when BG levels are regained in BZ areas will work be permitted to resume.   

 

• If BG levels are not regained, the SSO will contact the HSM for additional direction.   

 

Instrument Action Levels:  The use of either a PID or a FID will be acceptable with any reading above 

10 PPM in BZ areas for no more than three exposures of 5 minutes 
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7.2  INSTRUMENT MAINTENANCE AND CALIBRATION 

Hazard monitoring instruments will be maintained and pre-field calibrated by the equipment provider (i.e., 

rental agency used).  Operational checks and field calibration will be performed on site instruments each 

day prior to their use.  Field calibration will be performed on instruments according to manufacturer’s 

recommendations.  These operational checks and calibration efforts will be performed in a manner that 

complies with the employees health and safety training, the manufacturer's recommendations, and with 

the applicable manufacturer standard operating procedure (which the SSO must assure are included with 

the instrument upon its receipt onsite). Field calibration efforts must be documented.  Figure 7-1 is 

provided for documenting these calibration efforts.  This information may instead be recorded in a field 

operations logbook, provided that the information specified in Figure 7-1 is recorded. This required 

information includes the following: 

 

• Date calibration was performed 

• Individual calibrating the instrument  

• Instrument name, model, and serial number 

• Any relevant instrument settings and resultant readings (before and after) calibration 

• Identification of the calibration standard (lot no., source concentration, supplier) 

• Any relevant comments or remarks 

 

7.3  DOCUMENTING INSTRUMENT READINGS  

The SSO is responsible for ensuring that air monitoring instruments are used in accordance with the 

specifications of this HASP and with manufacturer’s specifications/recommendations.  In addition, the 

SSO is also responsible for ensuring that all instrument use is documented.  This requirement can be 

satisfied either by recording instrument readings on pre-printed sampling log sheets or in a field log book.  

This includes the requirement for documenting instrument readings that indicate no elevated 
readings above noted daily background levels (i.e., no-exposure readings).  At a minimum, the SSO 

must document the following information for each use of an air monitoring device:  

 

• Date, time, and duration of the reading 

• Site location where the reading was obtained 

• Instrument used (e.g., FID, PID, etc.) 

• Personnel present at the area where the reading was noted 

• Other conditions that are considered relevant to the SSO (such as weather conditions, possible 

instrument interferences, etc.) 
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FIGURE 7-1  
DOCUMENTATION OF FIELD CALIBRATION 

 
 SITE NAME:           PROJECT NO.:    

Date of 
Calibration 

Instrument 
Name and 
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Instrument 
I.D. 
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Person 
Performing 
Calibration 

Instrument Settings Instrument Readings Calibration 
Standard  

(Lot 
Number) 

Remarks/ 
Comments Pre-
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Post-

Calibration 
Pre-

Calibration 
Post-
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8.0   TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS 

8.1  INTRODUCTORY/REFRESHER/SUPERVISORY TRAINING 

TtNUS and subcontractor personnel who will engage in field associated activities as described in this 

HASP must have: 

 

• Completed 40 hours of introductory hazardous waste site training or equivalent work experience as 

defined in OSHA Standard 29 CFR 1910.120(e). 

• Completed 8-Hour Refresher Training, if the identified persons had introductory training more than 

12 months prior to site work. 

• Completed 8-hour Supervisory training in accordance with 29 CFR 1910.120(e)(4), if their assigned 

function will involve the supervision of subordinate personnel. 

 

Documentation of introductory training or equivalent work experience, supervisory, and refresher training 

as well as site-specific training will be maintained at the site.  Copies of certificates or other official 

documentation will be used to fulfill this requirement. 

 

8.2  SITE-SPECIFIC TRAINING 

TtNUS will provide site-specific training to TtNUS employees and subcontractor personnel who will 

perform work on this project. 

 

Figure 8-1 will be used to document the provision and content of the project-specific and associated 

training.  Site personnel will be required to sign this form prior to commencement of site activities. 

 

TtNUS will conduct a pre-activities training session prior to initiating site work.  Additionally, a brief 

meeting will be held daily to discuss operations planned for that day.  At the end of the workday, a short 

meeting may be held to discuss the operations completed and any problems encountered.  This activity 

will be supported through the use of a Safe Work Permit System (See Section 10.4). 

 

8.3  MEDICAL SURVEILLANCE 

TtNUS and subcontractor personnel participating in project field activities will have had a physical 

examination.  Physical examinations shall meet the minimum requirements of paragraph (f) of OSHA 29 

CFR 1910.120.  The physical examinations will be performed to ensure that personnel are medically 

qualified to perform hazardous waste site work using respiratory protection. 
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Documentation for medical clearances will be maintained at the job site and made available, as 

necessary.  Subcontractor personnel may use an alternative documentation for this purpose.  The 

"Subcontractor Medical Approval Form" can be used to satisfy this requirement, or a letter from an officer 

of the company.  The letter should state that the persons listed in the letter participate in a medical 

surveillance program meeting the requirements contained in paragraph (f) of Title 29 of CFR Part 

1910.120, entitled "Hazardous Waste Operations and Emergency Response."  The letter should further 

state the following: 

 

• The persons listed have had physical examinations under this program within the frequency as 

determined sufficient by their occupational health care provider 

• Date of the exam  

• The persons identified have been cleared, by a licensed physician, to perform hazardous waste site 

work and to wear positive- and negative- pressure respiratory protection.   

 

A sample Subcontractor Medical Approval Form and form letter have been provided to eligible 

subcontractors in the Bid Specification package. 

 

8.3.1  Medical Data Sheets 

Each field team member, including subcontractors and visitors, entering the exclusion zone(s) shall be 

required to complete and submit a copy of the Medical Data Sheet that is available in Attachment II of this 

HASP.  This shall be provided to the SSO, prior to participating in site activities.  The purpose of this 

document is to provide site personnel and emergency responders with additional information that may be 

necessary in order to administer medical attention. 

 

8.4  SUBCONTRACTOR EXCEPTION 

If through the execution of their contract elements the subcontractor will not enter the exclusion zone and 

there is no potential for exposure to site contaminants, subcontractor personnel may be exempt from the 

training and medical surveillance requirements with the exception of Section 8.2.  Examples of 

subcontractors who may qualify as exempt from training and medical surveillance requirements may 

include surveyors who perform surveying activities in site perimeter areas or areas were there is no 

potential for exposure to site contaminants and support or restoration services.  Use of this Subcontractor 

Exception is strictly limited to the authority of the CLEAN HSM. 
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FIGURE 8-1 
SITE-SPECIFIC TRAINING DOCUMENTATION 

 

My signature below indicates that I am aware of the potential hazardous nature of performing field 
investigation activities at Naval Station Great Lakes, Illinois, and that I have received site-specific training 
that included the elements presented below: 
 
• Names of designated personnel and alternates responsible for site safety and health  
• Safety, health, and other hazards present on site  
• Use of personal protective equipment  
• Safe use of engineering controls and equipment  
• Medical surveillance requirements  
• Signs and symptoms of overexposure  
• Contents of the Health and Safety Plan 
• Emergency response procedures (evacuation and assembly points) 
• Incipient response procedures  
• Review of the contents of relevant Material Safety Data Sheets 
• Review of the use of Safe Work Permits 
• Stop Work Authorization and Process 
 
I have been given the opportunity to ask questions and that my questions have been answered to my 
satisfaction.  The dates of my training and medical surveillance requirements indicated below are 
accurate. 

Name 
(Printed and Signature) 

Site-
Specific 
Training 

Date 

40-Hour 
Training 

(Date) 

8-Hour 
Refresher 
Training 

(Date) 

8-Hour 
Supervisory 

Training 
(Date) 

Medical 
Exam 
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9.0   SPILL PREVENTION AND CONTAINMENT PROGRAM 

9.1 SCOPE AND APPLICATION 

It is anticipated that quantities of bulk potentially hazardous materials (greater than 55-gallons) will not be 

handled during the site activities.  It is possible, however, that as the job progresses disposable PPE and 

other non-reusable items may be generated.  As needed, 55-gallon drums will be used to contain 

unwanted items generated during sampling activities.  The drum(s) will be labeled with the site name and 

address, the type of contents, and the date the container was filled as well as an identified contact 

person.  As warranted, samples will be collected and analyzed to characterize the material and determine 

appropriate disposal measures.  Once characterized the drum(s) will be removed from the staging area 

and disposed of in accordance with Federal, State and local regulations.  Given the likely solid nature of 

drum contents, a comprehensive Spill Containment Program is not necessary.  The following discussion 

is provided as contingency information only. 

 

9.2  POTENTIAL SPILL AREAS 

Potential spill areas will be periodically monitored in an ongoing attempt to prevent and control further 

potential contamination of the environment.  Currently, limited areas are vulnerable to this hazard 

including: 

 

• Resource deployment 

• Waste transfer 

• Central staging 

 

It is anticipated that the IDW generated as a result of this SOW will be containerized, labeled, and staged 

to await further analyses.  The results of these analyses will determine the method of disposal. 

 

9.3  LEAK AND SPILL DETECTION 

To establish an early detection of potential spills or leaks, periodic inspections by the SSO will be 

conducted during working hours to visually determine that containers are not leaking.  If a leak is 

detected, the first approach will be to transfer the container contents using a hand pump into a new 

container.  Other provisions for the transfer of container contents will be made and appropriate 

emergency contacts will be notified, if necessary.  In most instances, leaks will be collected and contained 

using absorbents such as Oil-dry, vermiculite, and/or sand, which may be stored at the staging area in a 

conspicuously marked drum.  This material too, will be containerized for disposal pending analyses.  

Inspections will be documented in the Project Logbook. 
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9.4  PERSONNEL TRAINING AND SPILL PREVENTION 

Site personnel will be instructed on the procedures for spill prevention, containment, and collection of 

hazardous materials in the site-specific training.  The FOL and/or the SSO will serve as the Spill 

Response Coordinator for this operation should the need arise.  

 

9.5  SPILL PREVENTION AND CONTAINMENT EQUIPMENT 

The following represents the types of equipment that may be maintained at the staging area for the 

purpose of supporting this Spill Containment Program (depending on the likelihood that drums and/or 

liquid wastes are generated): 

 

• Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry); 

• Drums (55-gallon U.S. Department of Transportation [DOT] 1A1 or 1A2) 

• Shovels, rakes, and brooms 

• Labels 

 

9.6  SPILL CONTROL PLAN 

This section describes the procedures the TtNUS field crewmembers will employ upon the detection of a 

spill or leak. 

 

• Notify the SSO or FOL immediately. 

 

• Take immediate actions to stop the leak or spill by plugging or patching the drum or raising the leak to 

the highest point.  Avoid contacting drum contents.  Spread the absorbent material in the area of the 

spill covering completely. 

 

It is not anticipated that a spill will occur in which the field crews cannot handle.  Should this occur; 

however, the FOL or SSO will notify appropriate emergency response agencies. 
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10.0   SITE OPERATIONS AND CONTROL 

This section outlines how TtNUS will delineate work zones and use these work zones to prevent the 

spread of contaminants.  A three-zone approach will be used during work at this site.  This three zone 

approach will utilize an exclusion zone, a contamination reduction zone, and a support zone.  It is also 

anticipated that this control measure will be used to control access to site work areas.  Use of such 

controls will restrict the general public, minimize the potential for the spread of contaminants, and protect 

individuals who are not cleared to enter work areas. 

 

10.1  EXCLUSION ZONE 

The exclusion zone will be considered the areas of the site of known or suspected contamination. It is 

anticipated that the areas around intrusive field activities will have the potential for contaminants to be 

brought to the surface.  These areas will be marked and personnel will maintain safe distances.  Once 

intrusive field activities have been completed and any surface contamination has been removed, the 

potential for exposure is again diminished and the area can then be reclassified as part of the 

contamination reduction zone.  Therefore, the exclusion zones for this project will be limited to those 

areas of the site where intrusive field activities are being performed plus a designated area of at least the 

height of the mast plus 25 feet.  Exclusion zones will be delineated as deemed appropriate by the FOL, 

through means such as erecting visibility fencing, barrier tape, cones, and/or postings to inform and direct 

personnel. 

 

A pre-startup site visit will be conducted by members of the identified field team in an effort to identify 

proposed subsurface investigation locations, conduct utility clearances, and provide upfront notices 

concerning scheduled activities within the facility. 

 

Subsurface activities will proceed only when utility clearance has been obtained.  In the event that a utility 

is struck during a subsurface investigative activity, the emergency numbers provided in Section 2.0, 

Table 2-1, will be notified. 

 

10.2  CONTAMINATION REDUCTION ZONE 

The contamination reduction zone (CRZ) will be a buffer area between the exclusion zone and any area 

of the site where contamination is not suspected.  This area will also serve as a focal point in supporting 

exclusion zone activities. This area will be delineated using barrier tape, cones, and postings to inform 

and direct facility personnel.  Decontamination will be conducted at a central location. Equipment 

potentially contaminated will be bagged and taken to that location for decontamination.   
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10.3  SUPPORT ZONE 

The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained.  The support zones will be 

established at areas of the site where exposure to site contaminants would not be expected during 

normal working conditions or foreseeable emergencies. 

 

10.4  SAFE WORK PERMITS 

Work conducted in support of this project will be performed using SWPs to guide and direct field crews on 

a task by task basis.  An example of the SWP to be used is provided in Figure 10-1.  Partially completed 

SWPs for the work to be performed are attached (Attachment IV) to this HASP.  These permits were 

completed to the extent possible as part of the development of this HASP.  It is the SSO's responsibility to 

finalize and complete all blank portions of the SWPs based on current, existing conditions the day the 

task is to be performed, and then review that completed permit with all task participants as part of a pre-

task tail gate briefing session.  This will ensure that site-specific considerations and changing conditions 

are appropriately incorporated into the SWP, provide the SSO with a structured format for conducting the 

tail gate sessions, as well will also give personnel an opportunity to ask questions and make suggestions.  

All SWPs require the signature of the FOL or SSO. 

 

Personnel identified on the permit as participating in the task will be made aware of its contents by the 

supervisor accepting the permit.  Any problems which occurred throughout the task will be documented 

by the supervisor on the permit. 

 

Permits will be returned to the FOL or the SSO at the end of the day. 
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FIGURE 10-1 

SAFE WORK PERMIT 

Permit No.    Date:        Time:  From        to       
 
 
 I. Work limited to the following (description, area, equipment used):        

              
 II.  Primary Hazards:           

              
 III. Field Crew:     
 IV. On-site Inspection conducted      Yes     No  Initials of Inspector  TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector  TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:         

        
         

 
 VI. Chemicals of Concern Hazard Monitoring   Action Level(s) Response Measures 
              
              
              
 

 Primary Route(s) of Exposure/Hazard:     
       
        

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)    
 VII. Additional Safety Equipment/Procedures  
  Hard-hat ..........................................  Yes   No Hearing Protection (Plugs/Muffs) .......  Yes   No 
  Safety Glasses  ...............................  Yes   No Safety belt/harness ............................  Yes   No 
  Chemical/splash goggles.................  Yes   No Radio/Cellular Phone ........................  Yes   No 
  Splash Shield ..................................  Yes   No Barricades .........................................  Yes   No 
  Splash suits/coveralls ......................  Yes   No Gloves (Type – Work ) ......................  Yes   No 
  Impermeable apron .........................  Yes   No Work/rest regimen .............................  Yes   No 
  Steel toe work shoes or boots ......... Yes    No Chemical Resistant Boot Covers  .....  Yes   No 

 High Visibility vest ........................... Yes    No Tape up/use insect repellent  ............  Yes   No 
 First Aid Kit ...................................... Yes    No Fire Extinguisher ...............................  Yes   No 
 Safety Shower/Eyewash.................. Yes    No Other .................................................  Yes   No 

  Modifications/Exceptions:         
 
 
 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed .........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place ......    
  Physical Hazards Identified and Isolated (Splash and containment barriers) ......................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). .................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 
 X. Special instructions, precautions:   

     
 
 
Permit Issued by:     Permit Accepted by:  
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10.5  SITE VISITORS 

Potential site visitors that may be encountered during the performance of the field work could include the 

following: 

 

• Personnel invited to observe or participate in operations by TtNUS. 

• Regulatory personnel (i.e., Department of Defense [DOD], Illinois Environmental Protection Agency 

[IL EPA], U.S. EPA, OSHA, etc.) 

• Navy personnel 

• Other authorized visitors 

 

Non-DOD personnel working on this project are required to gain initial access to the base by coordinating 

with the TtNUS PM or designee and following established base access procedures. 

 

Once access to the base is obtained, personnel who require access to TtNUS work sites (areas of 

ongoing operations) will be required to obtain permission from the FOL and the Base Contact.  Upon 

gaining access to the work site, site visitors wishing to observe operations in progress will be required to 

meet the minimum requirements as stipulated below. 

 

• Site visitors will be routed to the FOL, who will sign them into the field logbook.  Information to be 

recorded in the logbook will include the individuals name (proper identification required), who they 

represent, and the purpose for the visit.  The FOL is responsible for ensuring that site visitors are 

always escorted while on site. 

 

• Site visitors will be required to produce the necessary information supporting clearance on to the site.  

This includes information attesting to applicable training (40-hours of HAZWOPER training required 

for Navy Personnel), and medical surveillance as stipulated in Section 8.3, of this document.  In 

addition, to enter the sites operational zones during planned activities, visitors will be required to first 

go through site-specific training covering the topics stipulated in Section 8.2 of this HASP. 

 

Once the site visitors have completed the above items they will be permitted to enter the site and 

applicable operational areas.  Visitors are required to observe the protective equipment and site 

restrictions in effect at the work areas visited.  Any visitors not meeting the requirements as stipulated in 

this plan for site clearance will not be permitted to enter the site operational zones during planned 

activities.  Any incidence of unauthorized site visitation will cause on-site activities to be terminated until 

that visitor can be removed.  Removal of unauthorized visitors will be accomplished with support form the 

Base Contact, if necessary.  At a minimum, the Base Contact will be notified of any unauthorized visitors. 
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10.6  SITE SECURITY 

Site security will be accomplished using TtNUS field personnel.  Security at this site will take place at the 

work site.  Visitors and other parties will be referred to the FOL and Base Contact. 

 

Security at the work areas will be accomplished using field personnel.  This is a multiple person 

operation, involving multiple operational zones.  TtNUS personnel will retain complete control over active 

operational zones.  The Base Contact will serve as the focal point for base personnel and interested 

parties and will serve as the primary enforcement contact.  

 

10.7  BUDDY SYSTEM 

Personnel engaged in site activities will practice the "buddy system" to ensure the safety of the personnel 

involved in this operation. 

 

10.8  MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS 

TtNUS and subcontractor personnel will provide MSDSs for the chemicals brought on site.  The contents 

of these documents will be reviewed by the SSO with the user(s) of the chemical substances prior to any 

actual use or application of the substances on site.  A chemical inventory of the chemicals used on site 

will be developed using the Health and Safety Guidance Manual.  The MSDSs will then be maintained in 

a central location (i.e., temporary office) and will be available for anyone to review upon request. 

 

10.9  COMMUNICATION 

As personnel will be working in proximity to one another during field activities, a supported means of 

communication between field crew members will not be necessary.  

 

External communication will be accomplished by using the telephones at predetermined and approved 

locations.  External communication will primarily be used for the purpose of resource and emergency 

resource communications.  Prior to the commencement of activities at the Naval Station Great Lakes, the 

FOL will determine and arrange for telephone communications. 
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11.0   CONFINED SPACE ENTRY  

It is not anticipated, under the proposed SOW, that confined space and permit-required confined space 

activities will be conducted.  Therefore, personnel under the provisions of this HASP are not 
allowed, under any circumstances, to enter confined spaces.  A confined space is defined as an area 

which has the following characteristics:   

 

• Is large enough and so configured that an employee can bodily enter and perform assigned work. 

 

• Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins, 

hoppers, vaults, and pits are spaces that may have limited means of entry). 

 

• Is not designed for continuous employee occupancy. 

 

A Permit-Required Confined Space is one that: 

 

• Contains or has a potential to contain a hazardous atmosphere. 

 

• Contains a material that has the potential to engulf an entrant. 

 

• Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly 

converging walls or by a floor which slopes downward and tapers to a smaller cross-section. 

 

• Contains any other recognized, serious, safety or health hazard.   

 

For further information on confined space, consult the Health and Safety Guidance Manual or call the 

PHSO.  If confined space operations are to be performed as part of the scope of work, detailed 

procedures and training requirements will have to be addressed, and the HSM will have to be notified. 
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12.0   MATERIALS AND DOCUMENTATION  

The TtNUS Field Operations Leader (FOL) shall ensure the following materials/documents are taken to 

the project site and used when required. 

 

• A complete copy of this HASP 

• Health and Safety Guidance Manual  

• Incident Reports 

• Medical Data Sheets 

• Material Safety Data Sheets for chemicals brought on site, including decontamination solutions, fuels, 

sample preservatives, calibration gases, etc. 

• A full-size OSHA Job Safety and Health Poster (posted in the site trailer) 

• Training/Medical Surveillance Documentation Form (Blank) 

• First-Aid Supply Usage Form 

• Emergency Reference Form (Section 2.0, extra copy for posting) 

• Directions to the Hospital 

 

12.1  MATERIALS TO BE POSTED OR MAINTAINED AT THE SITE 

The following documentation is to be posted or maintained at the site for quick reference purposes.  In 

situations where posting these documents is not feasible, (such as no office trailer), these documents 

should be separated and immediately accessible. 

 

Chemical Inventory Listing (posted) - This list represents the chemicals brought on-site, including 

decontamination solutions, sample preservations, fuel, etc..  This list should be posted in a central area. 

 

Material Safety Data Sheets (MSDS) (maintained) - The MSDSs should also be in a central area 

accessible to the site personnel.  These documents should match the listings on the chemical inventory 

list for the substances employed on-site.  It is acceptable to have these documents within a central folder 

and the chemical inventory as the table of contents. 

 

The OSHA Job Safety & Health Protection Poster (posted) - this poster, as directed by 29 CFR 1903.2 

(a)(1), should be conspicuously posted in places where notices to employees are normally posted.  Each 

FOL shall ensure that this poster is not defaces, altered, or covered by other material. 

 

Site Clearance (maintained) - This list is found within the training section of the HASP (See Figure 8-2).  

It identifies site personnel, dates of training (including site-specific training), and medical surveillance.  It 
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also indicates clearance as well as status.  If personnel do not meet these requirements, they do not 

enter the site while site personnel are engaged in activities. 

 

Emergency Phone Numbers and Directions to the Hospital(s) (posted) - This list of numbers and 

directions will be maintained at the phone communications points and in each site vehicle. 

 

Medical Data Sheets/Cards (maintained) - Medical Data Sheets will be filled out by on-site personnel 

and filed in a central location.  The Medical Data Sheet will accompany any injury or illness requiring 

medical attention to the medical facility.   

 

Hearing Conservation Standard (29 CFR 1910.95) (posted) - this standard will be posted anytime 

hearing protection or other noise abatement procedures are employed. 

 

Personnel Monitoring (maintained) - The results generated through personnel sampling (levels of 

airborne toxins, noise levels, etc.) will be posted to inform individuals of the results of that effort. 

 

Placards and Labels (maintained) - Where chemical inventories have been separated because of 

quantities and incompatibilities, these areas will be conspicuously marked using DOT placards and 

acceptable (Hazard Communication 29 CFR 1910.1200(f)) labels. 

 

The purpose of maintaining or posting this information, as stated above, is to allow site personnel quick 

access.  Variations concerning location and methods of presentation are acceptable, providing the 

objection is accomplished. 

 

 



  Revision0 
  November 2009 
 

Naval Station Great Lakes 13-1 CTO F27A 

13.0   ACRONYMS / ABBREVIATIONS 

BG Background 

BZ Breathing Zone 

C Centigrade 

CFR Code of Federal Regulations 

CIH Certified Industrial Hygienist 

CLEAN Comprehensive Long Term Environmental Action Navy 

COC Contaminant of Concern 

CRZ Contamination Reduction Zone 

CSP Certified Safety Professional 

dBA Decibel 

DOD Department of Defense 

DOT Department of Transportation 

DPT Direct Push Technology 

DRI Direct Reading Instrument 

EPA Environmental Protection Agency 

eV Electron Volts 

FID Flame Ionization Detector 

FOL Field Operations Leader 

HASP Health and Safety Plan 

HAZWOPER Hazardous Waste Operations and Emergency Response 

HI Hazard Index 

HSA Hollow-stem Auger 

HSM Health and Safety Manager 

IAS Initial Assessment Study 

IDW Investigation Derived Waste 

IL EPA Illinois Environmental Protection Agency 

LEL/LFL Lower Explosive Limits / Lower Flammable Limits 

mg/kg milligrams per kilogram 

MSDS Material Safety Data Sheet 

NIOSH National Institute for Occupational Safety and Health 

OOD Officer of the Day 

OSHA Occupational Safety and Health Administration (U.S. Department of Labor) 

PAH Polynuclear Aromatic Hydrocarbon 

PCB Polychlorinated biphenyls 

PID Photo Ionization Detector 
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PHSO Project Health and Safety Officer 

PM Project Manager 

PPE Personal Protective Equipment 

RI Remedial Investigation 

SOW Scope of Work 

SSO Site Safety Officer 

SVOCs Semi-volatile Organic Compounds 

SWP Safe Work Permit 

TBD To be determined 

TCL Target Compound List 

TtNUS Tetra Tech NUS 

US EPA United States Environmental Protection Agency 

WP Work Plan 

 



 

 

ATTACHMENT I  
INCIDENT REPORT FORM  



TETRA TECH, INC. 

safety Ex` 

TETRA TECH, INC. 
INCIDENT REPORT 

 

 

Report Date Report Prepared By Incident Report Number 
   

INSTRUCTIONS:  
 

All incidents (including those involving subcontractors under direct supervision of Tetra Tech 
personnel) must be documented on the IR Form. 

 

Complete any additional parts to this form as indicated below for the type of incident selected. 

TYPE OF INCIDENT (Check all that apply) Additional Form(s) Required for this type of incident 
Near Miss (No losses, but could have resulted in injury, illness, or 
damage)  Complete IR Form Only 

Injury or Illness   Complete Form IR-A; Injury or Illness 

Property or Equipment Damage, Fire, Spill or Release  Complete Form IR-B; Damage, Fire, Spill or 
Release 

Motor Vehicle   Complete Form IR-C; Motor Vehicle 

INFORMATION ABOUT THE INCIDENT 
Description of Incident 
 
              
 
              
 
              
 

Date of Incident Time of Incident 

    AM  PM  OR Cannot be determined    

Weather conditions at the time of the incident Was there adequate lighting?    

                                                                 Yes     No      
Location of Incident 

             Was location of incident within the employer’s work environment? Yes     No     
Street Address City, State, Zip Code and Country 

  

Project Name Client: 

  

Tt Supervisor or Project Manager Was supervisor on the scene?   

     Yes     No      

WITNESS INFORMATION (attach additional sheets if necessary) 
Name Company 

  

Street Address City, State and Zip Code 

  

Telephone Number(s) 

 



TETRA TECH, INC. 

safety Ex`' 

TETRA TECH, INC. 
INCIDENT REPORT 

 

 

CORRECTIVE ACTIONS 
Corrective action(s) immediately taken by unit reporting the incident: 
 
              
 
              
 
              
 

Corrective action(s) still to be taken (by whom and when): 
 
              
 
              
 
              
 

ROOT CAUSE ANALYSIS LEVEL REQUIRED 

Root Cause Analysis Level Required:   Level - 1     Level - 2      None   

Root Cause Analysis Level Definitions 

Level - 1 

 

Definition: A Level 1 RCA is conducted by an individual(s) with experience or training in root cause analysis 
techniques and will conduct or direct documentation reviews, site investigation, witness and affected employee 
interviews, and identify corrective actions.  Activating a Level 1 RCA and identifying RCA team members will be at 
the discretion of the Corporate Administration office.  
 

The following events may trigger a Level 1 RCA: 
 Work related fatality 
 Hospitalization of one or more employee where injuries result in total or partial permanent disability  
 Property damage in excess of $75,000 
 When requested by senior management  

 

Level - 2 

 

Definition: A Level 2 RCA is self performed within the operating unit by supervisory personnel with assistance of 
the operating unit HSR.  Level 2 RCA will utilize the 5 Why RCA methodology and document the findings on the 
tools provided.  
 

The following events will require a Level 2 RCA: 
 OSHA recordable lost time incident   
 Near miss incident that could have triggered a Level 1 RCA 
 When requested by senior management 

 

Complete the Root Cause Analysis Worksheet and Corrective Action form. Identify a corrective action(s) for each root cause 
identified within each area of inquiry.   

NOTIFICATIONS 
Title Printed Name Signature Telephone 

Number Date 

Project Manager or Supervisor     

Site Safety Coordinator or Office H&S 
Representative     

Operating Unit H&S Representative     

Other:  __________________________      

 

The signatures provided above indicate that appropriate personnel have been notified of the incident. 



❑ ❑ ❑ ❑ 	 ❑ 

❑ ❑ 

❑ ❑ 

❑ ❑ 
❑ ❑ 
❑ ❑ 
❑ ❑ 
❑ ❑ 

❑ ❑ 

❑ ❑ 

 

 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving injury or illness.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

EMPLOYEE INFORMATION 
Company Affiliation 

Tetra Tech Employee?       TetraTech subcontractor employee (directly supervised by Tt personnel)?      

Full Name Company (if not Tt employee) 

  

Street Address, City, State and Zip Code Address Type 
 
 ________________________________________________  
 
 ________________________________________________  
 

Home address (for Tt employees)         
 
Business address (for subcontractors)         

Telephone Numbers 

Work:      Home:      Cell:      

Occupation (regular job title) Department 

  

Was the individual performing regular job duties? Time individual began work 

    Yes     No         AM     PM    OR   Cannot be determined    

Safety equipment 
 
Provided?    Yes     No     
 
Used?   Yes     No     If no, explain why 
 
       
 
       
 
       
 

 

Type(s) provided:   Hard hat      Protective clothing 
 

    Gloves      High visibility vest 
 

    Eye protection      Fall protection 
 

    Safety shoes      Machine guarding 
 

    Respirator      Other (list) 
 
        
 

NOTIFICATIONS 
Name of Tt employee to whom the injury or illness was first 
reported Was H&S notified within one hour of injury or illness? 

     Yes     No      

Date of report H&S Personnel Notified 

  

Time of report Time of Report 

  

If subcontractor injury, did subcontractor’s firm perform their own incident investigation? 

Yes     No     If yes, request a copy of their completed investigation form/report and attach it to this report. 



❑ ❑

❑ ❑ 

❑ ❑ 
❑ ❑ 

 

 

 

INJURY / ILLNESS DETAILS 
What was the individual doing just before the incident occurred? Describe the activity as well as the tools, equipment, or material the 
individual was using. Be specific. Examples: “Climbing a ladder while carrying roofing materials”; “Spraying chlorine from a hand sprayer”; 
“Daily computer key-entry” 
 
              
 
              
 
              
 

What Happened? Describe how the injury occurred. Examples: “When ladder slipped on wet floor and worker fell 20 feet”; “Worker was 
sprayed with chlorine when gasket broke during replacement”; Worker developed soreness in wrist over time” 

 
              
 
              
 
              
 
              
 

Describe the object or substance that directly harmed the individual: Examples: “Concrete floor”; “Chlorine”; “Radial Arm Saw”. If this 
question does not apply to the incident, write “Not Applicable”. 

 
              
 
              
 

MEDICAL CARE PROVIDED 
 

Was first aid provided at the site:   Yes       No     If yes, describe the type of first aid administered and by whom? 
 
              
 
 

Was treatment provided away from the site:   Yes       No     If yes, provide the information below. 
 

Name of physician or health care professional Facility Name 

  

Street Address, City State and Zip Code Type of Care? 
 
 ________________________________________________  
 
 ________________________________________________  
 

Was individual treated in emergency room?              Yes      No     
 

Was individual hospitalized overnight as an in-patient? Yes   No     
  

Did the individual die?      Yes      No      If yes, date:    
 

Will a worker’s compensation claim be filed?            Yes      No    

Telephone Number 

 

NOTE: Attach any police reports or related diagrams to this report. 

SIGNATURES 
I have reviewed this report and agree that all the supplied information is accurate 

Affected individual (print) Affected individual (signature) Telephone Number Date 

    

 

This form contains information relating to employee health and must be used in a manner that protects the confidentiality 

of the employee to the extent possible while the information is being used for occupational safety and health purposes. 



❑ ❑ ❑ 

❑ ❑ 

❑ ❑ 
❑ ❑ 
❑ ❑ 

❑ ❑ ❑ 

❑ ❑ 

 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving property/equipment damage, fire, spill or release.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

TYPE OF INCIDENT (Check all that apply) 

Property Damage    Equipment Damage      Fire or Explosion      Spill or Release      

INCIDENT DETAILS 
Results of Incident: Fully describe damages, losses, etc. 

 
              
 
              
 
              
 

Response Actions Taken: 
 
              
 
              
 
              
 

Responding Agency(s) (i.e. police, fire department, etc.) Agency(s) Contact Name(s) 

  

DAMAGED ITEMS (List all damaged items, extent of damage and estimated repair cost) 
Item: Extent of damage: Estimated repair cost 

   

   

   

SPILLS / RELEASES (Provide information for spilled/released materials) 
Substance Estimated quantity and duration Specify Reportable Quantity (RQ) 

       Exceeded?  Yes     No     NA   

FIRES / EXPLOSIONS (Provide information related to fires/explosions) 

Fire fighting equipment used?   Yes     No     If yes, type of equipment:          

NOTIFICATIONS 
Required notifications Name of person notified By whom Date / Time 

Client:    Yes     No       

Agency:   Yes     No       

Other:   Yes     No       

Who is responsible for reporting incident to outside agency(s)?      Tt     Client    Other    Name:   

Was an additional written report on this incident generated?      Yes     No     If yes, place in project file. 

 



❑ ❑ 

❑ ❑ ❑ ❑ 

 

 

 
 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving motor vehicle accidents.  Do NOT leave any blanks. 
Attach this form to the IR FORM completed for this incident. 

 

Incident Report Number: (From the IR Form)  

INCIDENT DETAILS 
Name of road, street, highway or location where accident 
occurred Name of intersecting road, street or highway if applicable 

  

County City  State 

   

Did police respond to the accident? Did ambulance respond to the accident? 

    Yes     No          Yes     No      

Name and location of responding police department Ambulance company name and location 

 
 Officer’s name/badge 

#  

Did police complete an incident report? Yes     No       If yes, police report number:                             
Request a copy of completed investigation report and attach to this form. 

VEHICLE INFORMATION 
How many vehicles were involved in the accident?      (Attach additional sheets as applicable for accidents involving more 
than 2 vehicles.) 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Vehicle Owner / 
Contact 
Information 

 
Vehicle Owner / 
Contact 
Information  

 

Color  Color  

Make  Make  

Model  Model  

Year  Year  

License Plate #  License Plate #  

Identification #  Identification #  

Describe damage to vehicle number 1 Describe damage to vehicle number 2 

  

Insurance Company Name and Address Insurance Company Name and Address 

  

Agent Name  Agent Name  

Agent Phone No.  Agent Phone No.  

Policy Number  Policy Number  



. 	. . 	. 
._.I ._.. 

.. 

.. 

 

 

 

DRIVER INFORMATION 
Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Driver’s Name  Driver’s Name  

Driver’s Address  Driver’s Address  

Phone Number  Phone Number  

Date of Birth  Date of Birth  

Driver’s License #  Driver’s License #  

Licensing State  Licensing State  

Gender Male     Female      Gender Male     Female      

Was traffic citation issued to Tetra Tech driver?    Yes     No    Was traffic citation issued to driver of other vehicle? Yes  No   
Citation #  Citation #  

Citation 
Description  Citation 

Description  

PASSENGERS IN VEHICLES (NON-INJURED) 
List all non-injured passengers (excluding driver) in each vehicle. 

Driver information is captured in the preceding section. 
Information related to persons injured in the accident (non-Tt employees) is captured in the section below on this form. 

Injured Tt employee information is captured on FORM IR-A 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

How many passengers (excluding driver) in the vehicle?      How many passengers (excluding driver) in the vehicle?      

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

INJURIES TO NON-TETRATECH EMPLOYEES 
Name of injured person 1 Address of injured person 1 

  

Age Gender Car No. Location in Car Seat Belt Used? Ejected from car? Injury or Fatality? 

 Male     Female       Yes     No      Yes     No      Injured     Died     

Name of injured person 2 Address of injured person 2 

  

Age Gender Car No. Location in Car Seat Belt Used? Ejected from car? Injury or Fatality? 

 Male     Female       Yes     No      Yes     No      Injured     Died     

OTHER PROPERTY DAMAGE 
Describe damage to property other than motor vehicles 

 

Property Owner’s Name Property Owner’s Address 

  

 



 

 

 

COMPLETE AND SUBMIT DIAGRAM DEPICTING WHAT HAPPENED 

 

 



 

 

ATTACHMENT II  
MEDICAL DATA SHEET 



 

 

MEDICAL DATA SHEET 
 
This Medical Data Sheet must be completed by on-site personnel and kept in the command post during 
the conduct of site operations.  This data sheet will accompany any personnel when medical assistance is 
needed or if transport to hospital facilities is required. 
 
Project              

Name        Home Telephone    

Address             

Age     Height         Weight        

Person to notify in the event of an emergency: Name:         

       Phone:         

Drug or other Allergies:             

 

Particular Sensitivities :           

 

Do You Wear Contacts?           

 

What medications are you presently using?         

               

 

Name, Address, and Phone Number of personal physician:       

               

               

 

 

Note:  Health Insurance Portability and Accountability Act (HIPAA) Requirements  
 
HIPAA took effect April 14, 2003. Loosely interpreted, HIPAA regulates the disclosure of Protected Health 
Information (PHI) by the entity collecting that information. PHI is any information about health status (such 
as that you may report on this Medical Data Sheet), provision of health care, or other information. HIPAA 
also requires TtNUS to ensure the confidentiality of PHI. This Act can affect the ability of the Medical Data 
Sheet to contain and convey information you would want a Doctor to know if you were incapacitated. So 
before you complete the Medical Data Sheet understand that this form will not be maintained in a secure 
location. It will be maintained in a file box or binder accessible to other members of the field crew so that 
the can accompany an injured party to the hospital. 
 
DO NOT include information that you do not wish others to know, only information that may be pertinent 
in an emergency situation or treatment. 
 

 

               
Name (Print clearly)    Signature     Date 



 

 

 

ATTACHMENT III 
EQUIPMENT INSPECTION CHECKLIST 

FOR DPT/HSA RIGS



❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

❑ ❑ ❑ 

 

 

Equipment Inspection Checklist for HSA/DPT Rigs 
 
Company:         Unit/Serial No#:       
 
Inspection Date:       /      /      Time:  :  Equipment Type:       
         (e.g, Drill Rigs Hollow Stem, Mud Rotary, Direct Push, HDD, MIP)  
Project Name:        Project No#:        
 

Yes No NA Requirement Comments 
 
 
 

 
 

 

 
 
 

 
 

 

 
 
 

 
 

 

Emergency Stop Devices 
• Emergency Stop Devices (At points of operation) 
• Have all emergency shut offs identified been communicated to the 

field crew? 
• Has a person been designated as the Emergency Stop Device 

Operator?

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

Highway Use 
• Cab, mirrors, safety glass? 
• Turn signals, lights, brake lights, etc. (front/rear) for equipment 

approved for highway use? 
• Seat Belts? 
• Is the equipment equipped with audible back-up alarms and back-

up lights? 
• Horn and gauges 
• Brake condition (dynamic, park, etc.) 
• Tires (Tread) or tracks 
• Windshield wipers 
• Exhaust system 
• Steering (standard and emergency) 
• Wheel Chocks? 
• Are tools and material secured to prevent movement during 

transport?  Especially those within the cab? 
• Are there flammables or solvents or other prohibited substances 

stored within the cab? 
• Are tools or debris in the cab that may adversely influence 

operation of the vehicle (in and around brakes, clutch, gas pedals) 

 



H I I 

❑
❑

❑
❑

❑
❑

 

❑
❑

❑
❑

❑
❑

 

❑
❑

❑
❑

❑
❑

 

❑
❑

❑
❑

 ❑
 ❑

❑
 

 

 

Yes No NA Requirement Comments 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fluid Levels: 
• Engine oil 
• Transmission fluid 
• Brake fluid 
• Cooling system fluid 
• Hoses and belts 
• Hydraulic oil 

 

 
 
 
 

 
 
 
 

 
 
 
 

High Pressure Hydraulic Lines 
• Obvious damage 
• Operator protected from accidental release 
• Coupling devices, connectors, retention cables/pins are in good 

condition and in place 

 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

Mast Condition 
• Structural components/tubing 
• Connection points 
• Pins 
• Welds 
• Outriggers 
• Operational 
• Plumb (when raised) 

 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

Hooks 
• Are the hooks equipped with Safety Latches? 
• Does it appear that the hook is showing signs of wear in excess of 

10% original dimension? 
• Is there a bend or twist exceeding 10% from the plane of an 

unbent hook? 
• Increase in throat opening exceeding 15% from new condition 
• Excessive nicks and/or gouges 
• Clips 
• Number of U-Type (Crosby) Clips 

(cable size 5/16 – 5/8 = 3 clips minimum) 
(cable size 3/4 – 1 inch = 4 clips minimum) 
(cable size 1 1/8 – 1 3/8 inch = 5 clips minimum) 

 



 

 

Yes No NA Requirement Comments 
 
 

 
 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

Power cable and/or hoist cable 
• Reduction in Rope diameter π 

(5/16 wire rope>1/64 reduction nominal size -replace) 
(3/8 to 1/2 wire rope>1/32 reduction nominal size-replace) 
(9/16 to 3/4 wire rope>3/64 reduction nominal size-replace) 

• Number of broken wires  
(6 randomly broken wires in one rope lay) 
(3 broken wires in one strand) 

• Number of wire rope wraps left on the Running Drum at nominal 
use (>3 required) 
- Lead (primary) sheave is centered on the running drum 

• Lubrication of wire rope (adequate?) 
• Kinks, bends – Flattened to > 50% diameter 

 

 
 

 
 

 
 

 
 

 
 

 
 

Hemp/Fiber rope (Cathead/Split Spoon Hammer) 
• Minimum ¾; maximum 1 inch rope diameter (Inspect for 

physical damage) 
• Rope to hammer is securely fastened 

 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

Safety Guards –  
• Around rotating apparatus (belts, pulleys, sprockets, spindles, 

drums, flywheels, chains) all points of operations protected from 
accidental contact? 

• Hot pipes and surfaces exposed to accidental contact? 
• High pressure lines 
• Nip/pinch points 

 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

Operator Qualifications 
• Does the operator have proper licensing where applicable, (e.g., 

CDL)? 
• Does the operator, understand the equipment’s operating 

instructions? 
• Is the operator experienced with this equipment? 
• Is the operator 21 years of age or more?  

 



0 0 0 

 

 

Yes No NA Requirement Comments 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

PPE Required for Drill Rig Exclusion Zone 
• Hardhat 
• Safety glasses 
• Work gloves 
• Chemical resistant gloves       
• Steel toed Work Boots 
• Chemical resistant Boot Covers 
• Apron 
• Coveralls Tyvek, Saranex, cotton)  

 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

Other Hazards 
• Excessive Noise Levels?     dBA 
• Chemical hazards (Drilling supplies - Sand, bentonite, grout, fuel, 

etc.) 
- MSDSs available? 

• Will On-site fueling occur 
- Safety cans available? 
- Fire extinguisher (Type/Rating -__________ _  )  

 

 

Approved for Use  Yes   No   See Comments 

                 
Site Health and Safety Officer     Operator 

 



 

 

 
 
 
 
 
 
 

ATTACHMENT IV 
SAFE WORK PERMITS 
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SAFE WORK PERMIT 
MOBILIZATION AND DEMOBILIZATION ACTIVITIES 

NAVAL STATION GREAT LAKES 
 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Mobilization and demobilization 

activities      
       

 II.  Primary Hazards: Lifting; slips, trips and falls; vehicular and foot traffic; insect/animal bites and stings; 
poisonous plants; inclement weather.    

 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, or coveralls, safety, 

glasses and safety footwear.  Hard hats and hearing protection will be worn when working near operating 
equipment.       

 
 VI. Chemicals of Concern Hazard Monitoring   Action Level(s)            Response Measures 
  None anticipated    None           None      None   
 

  Primary Route(s) of Exposure/Hazard: NA     
         

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 
 VII.  Additional Safety Equipment/Procedures  
  Hard-hat ...........................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No 
  Safety Glasses  ................................  Yes   No Safety belt/harness ........................  Yes   No 
  Chemical/splash goggles .................  Yes   No Radio/Cellular Phone .....................  Yes   No 
  Splash Shield ...................................  Yes   No Barricades......................................  Yes   No 
  Splash suits/coveralls ......................  Yes   No Gloves (Type –   leather/cotton) .....  Yes   No 
  Impermeable apron ..........................  Yes   No Work/rest regimen .........................  Yes   No 
  Safety toe work shoes/boots ............ Yes    No Chemical Resistant Boot Covers ...  Yes   No 
  High visibility vest ............................ Yes    No Tape up/use insect repellent  .........  Yes   No 
  First Aid Kit ...................................... Yes    No Fire Extinguisher ............................  Yes   No 
  Safety Shower/Eyewash .................. Yes    No Other ..............................................  Yes   No 
  Modifications/Exceptions:   Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking 

through areas of high grass.  Use insect repellants containing at least 10% DEET and tape up in such areas.  
Follow manufacturer's recommendations for proper application and reapplication.  Hard hat when overhead 
hazards exist.  Safety glasses when near eye hazards.  Hearing protection when in high noise areas.    

 VIII.  Site Preparation    Yes  No    NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Preview work locations to identify potential hazards (slips, trips, and 

falls, natural hazards, etc.)  Review PPE needs based on activities being performed and the associated 
hazards.  Use safe lifting procedures and obtain assistance when handling heavy or awkward objects.  
Suspend site activities in the event of inclement weather.  Observe site workers for signs and symptoms of 
heat/cold stress.  Use sun block (SPF > 15) to prevent sunburn if necessary.   

 
Permit Issued by:     Permit Accepted by:  
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SAFE WORK PERMIT 
MONITORING WELL INSTALLATION 

AND MULTIMEDIA SAMPLING ACTIVITIES 
NAVAL STATION GREAT LAKES 

 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Monitoring well installation and soil 

and groundwater sampling via DPT and Hollow Stem Augering (HSA)   
 II.  Primary Hazards: Chemical contamination, transfer of contamination; heavy equipment hazards; elevated 

noise; energized systems/utilities; heavy lifting; slip, trip and fall; cuts and lacerations; vehicular and foot 
traffic; ambient temperature extremes; flying projectiles; insect/animal bites and stings, poisonous plants, 
inclement weather    

 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, or coveralls, safety, 

glasses and safety footwear.  Hard hats and hearing protection  will be worn when working near operating 
equipment.       

 
 VI. Chemicals of Concern  Hazard Monitoring /Action Level(s)  Response Measures 
  VOCs   FID/PID with 10.6ev lamp   Suspend site activities   
     >10 PPM in BZ for 3 exp   and retreat to unaffected  
     of 5 mins   area. If readings are   
       sustained contact SSO.   
            
 
  Metals (lead)  Visible dust   Area wetting techniques  
 

  Primary Route(s) of Exposure/Hazard: inhalation, dermal, ingestion     
   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 VII. Additional Safety Equipment/Procedures  
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) .....  Yes   No 
  Safety Glasses  ..........................  Yes   No Safety belt/harness/lifeline ...............  Yes   No 
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .......................  Yes   No 
  Splash Shield .............................  Yes   No Barricades........................................  Yes   No 
  Splash suits/coveralls ................  Yes   No Gloves (Type –   nitrile) ....................  Yes   No 
  Impermeable apron ....................  Yes   No Work/rest regimen ...........................  Yes   No 
  Safety toe work shoes/boots ...... Yes    No Chemical Resistant Boot Covers .....  Yes   No 
  High visibility vest ...................... Yes    No Tape up/use insect repellent  ...........  Yes   No 
  First Aid Kit ................................ Yes    No Fire Extinguisher ..............................  Yes   No 
  Safety Shower/Eyewash ............ Yes    No Other ................................................  Yes   No 
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, safety footwear, and 

nitrile gloves Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking through areas 
of high grass.  Use insect repellants containing at least 10% DEET and tape up in such areas.  Follow 
manufacturer's recommendations for proper application and reapplication.  

 VIII.  Site Preparation    Yes  No    NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Preview work locations to identify potential hazards (slips, trips, and 

falls, natural hazards, etc.)  Review PPE needs based on activities being performed and the associated 
hazards.  Use safe lifting procedures and obtain assistance when handling heavy or awkward objects.  
Suspend site activities in the event of inclement weather.  Observe site workers for signs and symptoms of 
heat/cold stress.  Use sun block (SPF > 15) to prevent sunburn if necessary.  Complete Equipment 
Inspection Checklist prior to beginning work.   

 
Permit Issued by:     Permit Accepted by: 
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SAFE WORK PERMIT 
DECONTAMINATION ACTIVITIES 
NAVAL STATION GREAT LAKES 

 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Decontamination of sampling and 

heavy equipment.     
 II.  Primary Hazards: Chemical exposure, transfer of contamination, inclement weather, noise.  

       
 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, safety glasses, safety 

footwear, and nitrile gloves.   Impermeable aprons are preferred protection against soiling work clothes 
when lifting auger flights because of the need to carry close to the body. If it (impermeable apron) does not 
offer adequate protection, PVC rain suits or PE or PVC coated Tyvek should be employed. Chemical 
resistant boot covers if excessive liquids are generated or to protected footwear.   

 VI. Chemicals of Concern Hazard Monitoring   Action Level(s)  Response Measures 
       Decontamination Fluids        refer to MSDS       refer to MSDS  Re-wash and re-scan  
             
             
 

Primary Route(s) of Exposure/Hazard: Inhalation and direct contact    
         

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 VII. Additional Safety Equipment/Procedures  
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No 
  Safety Glasses  ..........................  Yes   No Safety belt/harness ........................  Yes   No 
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .....................  Yes   No 
  Splash Shield .............................  Yes   No Barricades......................................  Yes   No 
  Splash suits/coveralls ................  Yes   No Gloves (Type – Nitrile) ...................  Yes   No 
  Impermeable apron ....................  Yes   No Work/rest regimen .........................  Yes   No 
  Safety toe work shoes or boots .. Yes    No Chemical Resistant Boot Covers ...  Yes   No 
  High Visibility vest ...................... Yes    No Tape up/use insect repellent  .........  Yes   No 
  First Aid Kit ................................ Yes    No Fire Extinguisher ............................  Yes   No 
  Safety Shower/Eyewash ............ Yes    No Other ..............................................  Yes   No 
  Modifications/Exceptions:  Chemical resistant boot covers if excessive liquids are generated or to protect 

footwear.         
        

 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Suspend site activities in the event of inclement weather.  Employ 

proper lifting techniques. When/where possible use heavy equipment to move and place containers.    
 
Permit Issued by:     Permit Accepted by:  
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SAFE WORK PERMIT 
IDW MANAGEMENT 

NAVAL STATION GREAT LAKES 
 

Permit No.   Date:       Time:  From                 to    

SECTION I: General Job Scope   
I. Work limited to the following (description, area, equipment used):  IDW management activities includes 

containerization, staging, monitoring for leaks of IDW accumulated wastes. Wastes types include purge and 
decontamination wash waters.    

II.  Primary Hazards: Lifting, pinches and compressions; flying projectiles; slips, trips, and falls and chemical 
contamination.     

III. Field Crew:           
IV. On-site Inspection conducted    Yes     No    Initials of Inspector   TtNUS 
 Equipment Inspection required   Yes   No   Initials of Inspector   TtNUS 

 
SECTION II:  General Safety Requirements (To be filled in by permit issuer) 
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes   See Reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  None anticipated        
 
 VI. Chemicals of Concern Hazard Monitoring /Action Level(s) Response Measures 
  None anticipated    none             none  
  
 Primary Route of Exposure/Hazard: NA         
   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes or No)   
 VII. Additional Safety Equipment/Procedures 
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No  
  Safety Glasses  ..........................  Yes   No Safety belt/harness ........................  Yes   No  
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .....................  Yes   No  
  Splash Shield .............................  Yes   No Barricades......................................  Yes   No  
  Splash suits/coveralls ................  Yes   No Gloves (Type – Leather/Cotton) .....  Yes   No  
  Impermeable apron ....................  Yes   No Work/rest regimen .........................  Yes   No  
  Safety toe work shoes/boots ...... Yes    No Chemical Resistant Boot Covers   Yes   No  

 High visibility vest ...................... Yes    No Tape up/use insect repellent  .........  Yes   No   
 First Aid Kit ................................ Yes    No Fire Extinguisher ............................  Yes   No   
 Safety Shower/Eyewash ............ Yes    No Other ..............................................  Yes   No   

Modifications/Exceptions:  If you are using pneumatic/electric power to open drums – Safety glasses are 
required.  If power equipment is employed to move drums or you are working near operating equipment hard 
hats will be employed. Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking 
through areas of high grass.  Use insect repellants containing at least 10% DEET if necessary.  Follow 
manufacturer's recommendations for proper application and reapplication.  If working in areas where snakes 
are a threat, wear snake chaps to protect against bites.  High visibility vest if near active traffic areas.  
     

 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated ............................................................................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
   
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions: Suspend site activities in the event of inclement weather.  Employ 

proper lifting techniques. When/where possible use heavy equipment to move and place containers. When 
placing drums – Place the label and retention ring nut on the outside where it is readily visible. Place 4-drums 
to a pallet. Maintain a minimum distance of 4-feet between pallet rows. An IDW inventory shall be generated 
to provide the number of drums, contents, and volumes. This inventory should be provided to the facility 
contact. Inspect equipment prior to use.   

 
Permit Issued by:     Permit Accepted by: 



 

 

ATTACHMENT V 
OSHA POSTER 



EMPLOYEES. 

You have the right to notify your employer or OSHA 

about workplace hazards. You may ask OSHA to keep 

your name confidential. 

You have the right to request an OSHA inspection if you 

believe that there are unsafe and unhealthful conditions 

in your vvorkplace. You or your representative may 

participate in that inspection. 

You can file a complaint with OSHA within 3O days 

of retaliation or discrimination by your employer for 

making safety and health complaints or for exercising 

your rights under the OSH Act. 

You have the right to see OSHA citations issued to your 

employer. Your employer must post the citations at or 

near the place of the alleged violations. 

Your employer must correct workplace hazards by the 

date indicated on the citation and must certify that 

these hazards have been reduced or eliminated. 

You have the right to copies of your medical records 

and records of your exposures to toxic and harmful 

substances or conditions. 

Your employer must post this notice in your workplace. 

You must comply with all occupational safety and health 

standards issued under the 081-1Artthat apply to your 

own actions and conduct on the job. 

 

Iona! Safety 
and'Health Administration 

U Department f bor 

 

EMPLOYERS: 

You must furnish your employees a place of employment 

free from recognized hazards. 

You must comply with the occupational safety and health 

standards issued under the OSH Act, 

 

Free assistance in identifying and 

correcting hazards or complying with 

standards is available to employers, 
without citation or penalty, through 
OSHA-supported consultation 
programs in each state. 

 

This free poster available from OSHA - 
The Best Resource for Safety and Health 1-800-321-OSHA 

www.osha. gov  

OSHA 21E-12-06R 

   

Naval Station Great Lakes 12-1 CTO 478 
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SITE 12 - HUMAN HEALTH RISK ASSESSMENT METHODOLOGY 

This section of the Uniform Federal Policy Sampling and Analysis Plan (UFP SAP) outlines the general 

methodologies and procedures that will be used to conduct the human health risk assessment (HHRA) for 

Site 12, the Harbor Dredge Spoil Area located at Naval Station Great Lakes.  The objective of the risk 

assessment is to determine whether detected concentrations of chemicals at the site pose a significant 

threat to potential human receptors under current and/or future land use.  The potential risks to human 

receptors will be estimated based on the assumption that no further actions are taken to control 

contaminant releases. 

 

Three major aspects of chemical contamination and environmental fate and transport must be considered 

to evaluate potential risks:  (1) contaminants with toxic characteristics must be found in environmental 

media and must be released by either natural processes or by human action, (2) potential exposure 

points must exist, and (3) human receptors must be present at the point of exposure.  Risk is a function of 

both toxicity and exposure.  If any one of these factors is absent, the exposure route is regarded as 

incomplete, and no potential risks will be considered to exist for human receptors. 

 

In accordance with United States Environmental Protection Agency (EPA) recommendations, the risk 

assessment process follows these steps: 

• Data collection and evaluation 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization 

• Uncertainty analysis 

 

The methodologies used in this risk assessment will comply with scientifically acceptable risk assessment 

practices and current EPA guidance, including but not limited to, the following risk assessment guidance 

documents that were used to develop the framework for the HHRA: 

 

• USEPA, 1989.  Risk Assessment Guidance for Superfund:  Volume I, Human Health Evaluation 

Manual (Part A). EPA 540/1-89/002.  Office of Emergency and Remedial Response, Washington, 

D.C. 

 

• USEPA, 1991.  Human Health Evaluation Manual, Supplemental Guidance:  Standard Default 

Exposure Factors. OSWER Directive 9285.6-03.  Washington, D.C. 
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• USEPA, 1993.  Preliminary Review Draft:  Superfund’s Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure.  Office of Solid Waste and Emergency 

Response, Washington, D.C. 

 

• USEPA, 1996.  Soil Screening Guidance: Technical Background Document. EPA/540/R-95/128. 

Office of Solid Waste and Emergency Response.  Washington, D.C. 

 

• USEPA, 1997.  Exposure Factors Handbook.  EPA/600/P-95/002Fa.  Office of Health and 

Environmental Assessment, Washington, D.C.  

 

• Department of the Navy, 2001, Conducting Human Health Risk Assessments under the 

Environmental Restoration Program.  Ser N453E/1U595168.  Washington, D.C.  

 

• USEPA, 2001. Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation 

Manual (Part D, Standardized Planning, Reporting, and Review of Superfund Risk Assessments). 

 

• USEPA, December 2002a. Supplemental Guidance for Developing Soil Screening Levels for 

Superfund Sites.  OSWER 9355.4-24.  Washington, D.C. 

 

• USEPA, December 2002b.  Calculating Upper Confidence Limits for Exposure Point Concentrations 

at Hazardous Waste Sites.  OSWER 9285.6-10.  Washington, D.C. 

 

• USEPA, 2004. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final Guidance. 

 

• Department of the Navy, 2004. Navy Final Policy on the Use of Background Chemical Levels. 

 

• Illinois EPA, 2007.  TACO (Tiered Approach to Corrective Action Objectives).  Illinois Environmental 

Protection Agency, Bureau of Land, available online at http://www.epa.state.il.us/land/taco/. 

 

1.0 DATA EVALUATION 

Data evaluation, the first component of a HHRA, involves the compilation and evaluation of analytical 

data.  The main objective of the data evaluation is to develop a media-specific list of chemicals of 

potential concern (COPCs) that will be used to quantitatively determine potential human health risks for 
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site media.  As noted in RAGS Part D, “data quality is an important component of the risk assessment 

and the data quality should be documented.”   

 

Data quality will be evaluated as follows: 

 

• To the extent available, the results of data validation conducted for the data sets used in the risk 

assessment will be summarized and presented. 

 

• To the extent that the information is available, the “Data Usability Worksheet” suggested in RAGS 

Part D will be completed.  

 

• The data evaluation narrative will discuss data quality issues identified during the completion of the 

“Data Usability Worksheet.” 

 

1.1 Data Usability 

Data collected during the proposed field investigation will be used to assess risks to potential human 

receptors.  The analytical data used in the quantitative estimation of potential risks will be subjected to 

data validation.  A discussion of data validation protocol is provided in the UFP SAP.  As stated above, a 

Data Evaluation/Usability Report will be generated for the results of the field investigation.  This report will 

provide information on precision, accuracy, representativeness, completeness, comparability, and 

sensitivity.  A brief summary of the results of the data validation also will be included. 

 

Quantitative or qualitative analytical results from the target analyte lists for the proposed field investigation 

will be used in the risk evaluation.  Field measurements, data regarded as unreliable (i.e., qualified as "R" 

during the data validation process) will not be used in the quantitative risk assessment.  However, these 

data may be used to substantiate the conclusions of the quantitative risk analysis. 

 

1.2 Selection of Chemicals of Potential Concern (COPCs) 

The next step after data summary will be to compare chemical concentrations from the Site with 

screening criteria.  Chemicals at concentrations higher than screening criteria will be selected as 

chemicals of potential concern (COPCs) that are carried through the risk assessment process.  COPCs 

are selected through a qualitative screening process in order to limit the number of chemicals and 

exposure routes quantitatively evaluated in the HHRA to only those site-related constituents that 

dominate overall potential risks.  Screening by use of risk-based concentrations and Illinois Environmental 
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Protection Agency (Illinois EPA) background levels will be used to focus the risk assessment on 

meaningful chemicals and exposure routes. 

 

In general, a chemical will be selected as a COPC and retained for further quantitative risk evaluation if 

(1) the maximum detection in a sampled medium exceeds the lowest risk-based concentration and (2) for 

inorganic contaminants, if the chemical is determined to be present at concentrations exceeding 

concentrations in background samples.  Chemicals eliminated from further evaluation at this time are 

assumed to present nominal risks to potential human receptors.  If a detection limit is above the action 

levels for Site 12 for a specific compound, those compounds and their overall effect will be addressed on 

a case-by-case basis in the site-specific risk assessment and discussed in the Uncertainty Section of that 

assessment. 

 

1.2.1 COPC Screening Criteria 

Several screening criteria will be used to identify COPCs for Site 12.  Screening concentrations based on 

risk-based cleanup objectives developed by Illinois EPA (Illinois EPA) and risk-based concentrations 

developed by Oak Ridge National Laboratory (ORNL) and recommended by the U.S. Environmental 

Protection Agency (USEPA) (referred to as the Regional Screening Levels for Chemical Contaminants at 

Superfund Sites) (ORNL) will be used, as well as other USEPA criteria (see lists below).  The risk-based 

screening concentrations correspond to a systemic hazard quotient of 0.1 for noncarcinogens or an 

incremental lifetime cancer risk of 1x10-6 for carcinogens.  Note that the Illinois EPA and the Regional 

Screening Levels for noncarcinogens are based on a hazard quotient of 1.0 while, the screening 

concentrations will be based on a hazard quotient of 0.1.  The screening concentrations are based on a 

hazard quotient of 0.1 so that additive noncarcinogenic risks for the chemicals do not exceed 1.0.  The 

screening levels to be used in the risk assessment are briefly discussed below. 

 

The screening concentrations in Worksheet #15 of the Uniform Federal Policy-Sampling and Analysis 

Plan (UFP-SAP) that encompasses the Field Sampling Plan requirements and Quality Assurance Project 

Plan (QAPP) are based on risk-based cleanup objectives developed by Illinois EPA and risk-based 

concentrations developed by ORNL and recommended by the USEPA.  The project action levels in 

Worksheet #15 are the lower of the respective criteria (Illinois EPA criteria or USEPA ORNL 

concentrations). 

 

Screening Levels for Soil  

The following criteria will be used to select COPCs for surface and subsurface soil: 
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• Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties, and for Construction 

Workers (Illinois EPA, online at 

http://www.ipcb.state.il.us/SLR/IPCBandIEPAEnvironmentalRegulations-Title35.asp).  These include 

remediation objectives for the soil ingestion exposure route and for the inhalation exposure route.  

The lowest Tier I objective of the receptors (i.e., residential, industrial/commercial, or construction 

worker) listed in the Tier 1 Tables will be used for screening. 

 

• ORNL Regional Screening Levels for Chemical Contaminants at Superfund Sites (USEPA ORNL). 

 

• USEPA Generic Soil Screening Levels (SSLs) for the inhalation of volatiles and fugitive dusts 

calculated online at http://risk.lsd.ornl.gov/calc_start.shtml based on methodology from the USEPA’s 

Soil Screening Guidance (USEPA) 

 

• Soil Remediation Objectives for Residential and Industrial/Commercial Properties, and Construction 

Workers, Non-TACO Chemicals 

 

• Proposed TACO Amendments of Provisional and Revised Screening Levels will be reviewed during 

the final risk assessment, and included in the COPC selection process if finalized by the Illinois EPA. 

 

If the maximum concentration of a constituent exceeds any of these criteria, and, for inorganics only, if 

the constituent is considered to be present at concentrations greater than the concentrations of chemicals 

in background soil, the chemical will be selected as a COPC.  The procedures for the elimination of 

chemicals on the basis of background concentrations will follow current U.S. Navy policy provided in the 

Navy Policy on the Use of Background Chemical Levels (Department of the Navy, January 2004).  At the 

present time, facility background concentrations for naturally occurring or anthropogenic chemicals have 

not been determined for Naval Station Great Lakes.  Therefore, maximum soil concentrations will be 

compared to the concentrations of inorganic chemicals provided by Illinois EPA in Appendix A, Table G of 

TACO.   

 

The comparison of site soil data to USEPA Generic Inhalation SSLs for transfers from soil to air and 

Illinois EPA remediation objectives for inhalation will be used to identify whether a quantitative analysis of 

this exposure pathway is warranted.  If the maximum soil concentration of a chemical exceeds the 

inhalation criteria, a quantitative evaluation of potential risks from inhalation will be performed.  Otherwise, 
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the risks associated with the inhalation pathway will be considered insignificant, and the exposure 

pathway will be eliminated from further evaluation. 

 

To evaluate the potential for chemicals detected in soil to impact groundwater, maximum chemical 

concentrations will be compared to SSLs for migration to groundwater. The comparisons will be 

presented in separate tables (from the COPC tables) and will not be used to select COPCs for soil.  

Migration to Groundwater SSLs are not used for COPC selection because quantitative risk assessments 

are typically based on direct contact with soil or particulates.  There is no methodology available for 

quantitative risk evaluation of indirect exposure based on migration to groundwater.  Therefore, it is not 

appropriate to select COPCs for quantitative risk evaluation for direct exposure on the basis of the indirect 

soil-to-groundwater pathway.  The soil-to-groundwater SSLs provide an indication of potential impacts of 

contamination in soil on groundwater quality but are not indicators of quantitative risk. 

 

The migration from soil to groundwater comparisons will be made using the following criteria: 

 

• Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties for the Soil Component of 

the Groundwater Ingestion Exposure Route for Class I Groundwater (Illinois EPA, online at 

http://www.ipcb.state.il.us/SLR/IPCBandIEPAEnvironmentalRegulations-Title35.asp). 

 

• USEPA Generic SSLs for Migration from Soil to Groundwater calculated online at 

http://risk.lsd.ornl.gov/calc_start.shtml based on methodology from the USEPA’s Soil Screening 

Guidance (USEPA). 

 

• ORNL Regional Screening Level for Protection of Groundwater (USEPA ORNL) 

 

Results of the soil-to-groundwater comparisons will be qualitatively discussed in the risk assessment. 

 

Because of the different exposure scenarios for potential human receptors, COPCs will be identified for 

subsurface soil.  Subsurface soil will be defined as soil collected from depths greater than 1 foot below 

ground surface (bgs).  Construction workers will be assumed to be exposed to subsurface soil.  Exposure 

to subsurface soil for future residents will be evaluated to account for the possibility that subsurface soil 

may be brought to the surface in a future excavation project. 

 

In addition to screening, the comparison of site soil data to USEPA Generic Inhalation SSLs for transfers 

from soil to air will be used to identify whether a quantitative analysis of this exposure pathway is 
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warranted.  If the maximum soil concentration of a chemical exceeds the Inhalation SSL, a quantitative 

evaluation of potential risks from inhalation will be performed.  Otherwise, the risks associated with the 

inhalation pathway will be considered insignificant, and the exposure pathway will be eliminated from 

further evaluation. 

 
Screening Concentrations for Groundwater 

Due to the likely impact of the lake on groundwater conditions, potential risks from exposure to 

groundwater at Site 12 will not be evaluated in this HHRA.  

 

Surface Water and Sediment 

Potential risks from exposure to surface water and sediment at Site 12 will not be evaluated in this HHRA.   

Screening Concentrations for Lead  

Limited criteria are available to evaluate the potential risks associated with lead.  There are no risk-based 

concentrations for this chemical because the USEPA has not derived toxicity values for lead.  However, 

recommended screening levels available for lead in soil are used to indicate the need for response 

activities.  Guidance from both the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and 

the Office of Solid Waste and Emergency Response (OSWER) recommend 400 mg/kg as the lowest 

screening level for lead-contaminated soil in a residential setting, where children are frequently present 

(USEPA, July 1994).  OPPTS identifies 2,000 to 5,000 mg/kg as an appropriate range for areas where 

contact with soil by children in a residential setting is less frequent 

 

The TACO objectives of 800 and 700 mg/kg for the industrial/commercial and construction worker 

receptors, respectively will also be included for screening. 

  

1.2.2 Essential Nutrients and Chemicals without Toxicity Criteria 

Essential nutrients, including calcium, magnesium, potassium, and sodium will not be selected as COPCs 

for Site 12.  These inorganic chemicals are naturally abundant in environmental matrices and are only 

toxic at high doses.  In addition, because of the lack of toxicity criteria, risk-based COPC screening levels 

are not available for some chemicals (e.g., benzo(g,h,i)perylene and phenanthrene).  Appropriate 

surrogates will be selected (with approval from the Illinois EPA) for some of these chemicals based on 

similar chemical structures. For example, pyrene will be used as the surrogate for benzo(g,h,i)perylene 

and phenanthrene.. 
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1.2.3 Determination of Site-Related Chemicals 

Chemicals in site media found at concentrations indicative of background concentrations are not 

considered to be site-related contaminants and will not be retained as COPCs for the quantitative risk 

assessment.  In order to determine whether inorganic and anthropogenic organic chemicals are present 

at concentrations greater than background, the maximum detected concentrations of inorganic chemicals 

in soil will be compared with background levels provided by Illinois EPA (see Section 1.2.1).  
 

The elimination of chemicals as site-related COPCs on the basis of background comparisons will follow 

the guidance provided in Navy Policy on the Use of Background Chemical Levels (Department of the 

Navy, January 2004).  This document also presents the Navy’s interpretation of USEPA guidance 

provided in the document titled Role of Background in the CERCLA Cleanup Program (USEPA, April 

2002) and details the methodology to be used in evaluating background under the Navy’s Environmental 

Restoration and Base Realignment and Closure (BRAC) programs.  Navy policy as it applies to risk 

assessments requires the following: 

 

1. A clear and concise understanding of chemicals released from a site, thus making sure the Navy is 

focusing on remediating the release. 

 

2. The use of background data in the screening-level risk assessment. 

 

a. The comparison of site chemical levels to risk-based screening criteria. 

b. The comparison of site chemical levels to background concentrations. 

c. The identification of site-related COPCs based on screening criteria comparisons and 

background comparisons. Site-related COPCs are those chemicals with concentrations 

exceeding risk-based screening criteria and background concentrations.  To the extent possible, 

site-related COPCs are further evaluated quantitatively in the risk assessment.  

 

3. The consideration of background in the risk assessment. 

 

a. The calculation of risk estimates for site-related COPCs only. 

b. The further evaluation of non-site-related COPCs in the risk characterization section (e.g., the 

evaluation of chemicals detected at concentrations exceeding screening criteria but less than 

background concentrations).  The Navy considers this comparison to be consistent with EPA’s 

Role of Background in the CERCLA Cleanup Program (USEPA, April 2002).  The uncertainty 
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associated with the elimination of chemicals on the basis of background will also be discussed in 

the uncertainty section of the risk assessment. 

 

4. The selection of site cleanup remedial goals at concentrations not less than background levels.  

Additionally, cleanup levels should not be developed for chemicals not identified as chemicals of 

concern (COCs).  As defined in the Navy guidance, COCs are site-related COPCs found to be the 

risk drivers in the risk assessment that may pose unacceptable human health risks. 

 

1.2.4 Decision Rules for Establishing COPCs 

The following decision rules will be used to select an initial list of COPCs: 

 

• A chemical detected in soil will be selected as a COPC for soil if any detected chemical concentration 

exceeds the screening levels for soil and background screening indicates that the site concentrations 

are greater than Illinois EPA background concentrations. 

 

Chemicals detected at concentrations greater than the screening levels but eliminated as COPCs on the 

basis of background comparisons and chemicals whose non-detection limits are greater than the site 

action limits will be further discussed in the risk characterization and uncertainty sections of the risk 

assessment. 

 

1.3 COPC Summary Screening Tables 

Media-specific tables summarizing the selection of COPCs will be included in the risk assessment.  The 

tables will be prepared according to the guidelines established for preparation of Standard Table 2 of the 

RAGS Part D guidance.  An example format of a typical COPC selection table is provided as Table 1. 

 

2.0 EXPOSURE ASSESSMENT 

The purpose of the Exposure Assessment is to predict the magnitude and frequency of potential human 

exposure to each of the COPCs.  Actual or potential exposures at Site 12 will be determined based on the 

most likely pathways of contaminant release and transport, as well as human activity patterns.  A 

complete exposure pathway has three components:  (1) a source of chemicals that can be released to the 

environment, (2) a route of contaminant transport through an environmental medium, and (3) an exposure 

or contact point for a human receptor. 
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2.1 Conceptual Site Model (CSM) 

The development of a CSM is an essential component of the exposure assessment.  The CSM integrates 

information regarding the physical characteristics of the site, exposed populations, sources of 

contamination, and contaminant mobility (fate and transport) to identify potential exposure routes and 

receptors to be evaluated in the risk assessment.  The site-specific CSM for Site 12 is presented in this 

section and illustrated in Figure 1.  The CSM depicts the relationships among the following elements: 

 

• Site sources of contamination 

• Contaminant release mechanisms 

• Transport/migration pathways 

• Exposure routes 

• Potential receptors 

 

The CSM will be refined during the risk assessment process using the data and information collected as 

part of the proposed field investigation.  Table 2 presents a summary of the exposure routes that will be 

addressed quantitatively for each human receptor.  The elements of the CSM as they pertain to Site 12 

are presented in the following sections. 

 

2.1.1 Site Sources of Contamination 
 

During harbor dredging activities in 1952 and the 1970s, dredge spoils from the boat slip area in the 

harbor were reportedly disposed at Site 12 (Rogers, Golden & Halpern, 1986).  Dames & Moore (1991) 

reviewed aerial photographs taken between 1946 to 1985 which indicated evidence of some filling and 

other modifications of Site 12 over this period.   

 

The harbor area receives flow from Pettibone Creek, which drains stormwater from the base and a 

number of off-base industries upstream of NS Great Lakes. Chemicals in the runoff may have settled in 

the sediments (Rogers, Golden & Halpern, 1986).  The sediment reportedly dredged from the harbor and 

deposited on Site 12 could have high organic content and may contain heavy metals, oils (i.e., VOCs and 

SVOCs), pesticides, and polychlorinated biphenyls (PCBs) from industries upstream of the NS Great 

Lakes according to initial reports. These initial reports triggered an investigation of the site. 

As part of a base-wide investigation Dames & Moore (1991) conducted the Verification Step of the 

Remedial Investigation (RI) at Site 12.  Thirty-three surface and subsurface soil samples were collected 

from 11 soil borings there during three sampling events in 1988 and 1989. Samples were analyzed for 

VOCs, metals, pesticides and PCBs.  Laboratory data for VOCs and metals could not be validated using 
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USEPA Level III data validation procedures and therefore were determined not usable for their intended 

purpose. The pesticide and PCB data was validated and considered usable. Dames & Moore (1991) did 

not present conclusions and recommendations in their report and, because of the validation issues; the 

document was issued as a Technical Memorandum. Following is some of the information provided: 

 

• VOCs are not present in significant concentrations in the un-validated data; due to the nature of 

the sediment deposition, they probably were not present in significant concentrations in dredge 

spoils. 

• Heavy metals, including antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, 

selenium, silver, and zinc were detected in the un-validated data for site soils.   

• Pesticides were detected above detection levels within the upper 5 feet throughout the site’s areal 

extent,   

• PCBs were not detected above the detection limits in any samples. However, due to the nature of 

past industrial development upstream of the site, they are still considered a possible contaminant. 

• SVOCs have not been analyzed in soil samples from Site 12 

• Groundwater levels and quality at the site have not been investigated. Both are expected to be 

strongly influenced by lake and harbor water conditions 

 

 

2.1.2 Contaminant Release Mechanisms and Transport/Migration Pathways 

Based on information regarding past practices at the site, plausible contaminant release and migration 

mechanisms include the following: 

 

• Transport of chemicals deposited on surface and subsurface soil. 

 

• Migration of fugitive dusts vapors from surface and subsurface soil to ambient air if 

construction/excavation activities occur in the future. 

 

2.1.3 Potential Receptors/Exposure Routes 

Naval Station Great Lakes is an active facility and will remain so for the foreseeable future.  Under current 

land use, access to and use of Site 12 is primarily limited to military personnel.  However, to aid in risk 

management decisions, the risk assessment will also consider potential receptors, such as future 

residents, who might be exposed to contaminants persisting in site media or migrating from the site.  The 

potential receptors have been identified by analyzing current land use practices, potential future land 
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uses, and the identified areas of contamination in order to focus the risk assessment on potential site-

related exposures.  The general receptor classes include: 

 

• Construction Workers - Potential receptors under future land uses.  Construction workers are 

assumed to be civilian personnel who may be involved in a short-term, one-time construction project.  

Excavation and ground-intrusive activities may occur on the site in the future.  If these excavation 

projects were to occur, construction workers could potentially be exposed to soil to an estimated 

depth of 10 feet bgs (conservative estimate based on available site information) by ingestion and 

dermal contact. Construction workers may also be exposed by inhaling dusts from soil or vapors 

emitted from soil during excavation.   

 

• Occupational Workers – Potential receptors under future and current land use.  

Maintenance/occupational workers include personnel to account for the possibility that Naval Station 

Great Lakes might be developed for commercial/industrial uses at some future time.  

Maintenance/occupational workers will be assumed to be exposed to surface and subsurface soil by 

ingestion, dermal contact, and inhalation of fugitive dust and vapors.  

 

• Future Military Residents (Adults/Children) – Potential receptor under future land use.  Military 

residents are not potential receptors under current land use because they do not live on the site.  

They will be evaluated primarily for decision-making (risk management) purposes based on the 

assumption that the site could support military residential use in the future.  Future military residents will 

be assumed to be exposed to subsurface soil by ingestion, dermal contact, and the inhalation of 

fugitive dust and vapors.  Risks to military residents will be evaluated by reference to future civilian 

residents because risks for these receptors are the same or slightly less than civilian residents.   

 

• Future Civilian Residents (Adults/Children) – Potential receptor under future land use.  Hypothetical 

future residents are not potential receptors under current land use but will be evaluated to aid in risk 

management decisions by providing an indication of potential risks if the facility were to close and be 

developed for residential use.  Future onsite residents will be assumed to be exposed to surface and 

subsurface soil by ingestion, dermal contact, and the inhalation of fugitive dust and vapors.  Navy 

recruits were also considered as potential receptors at Site 12.  However, exposure for the recruits 

was assumed to be negligible because of the limited time recruits spend at Naval Station Great Lakes 

(i.e., 12 weeks) and because the lack of idle time allocated to recruits during training.  Therefore, risks 

to Navy recruits will not be evaluated in the risk assessment.  
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• Adult and adolescent recreational users/trespassers (e.g., picnickers) - Potential receptors under 

current/future land use.  These receptors will be evaluated for exposure to surface soils at the site.  

Exposure to surface soils will be evaluated for ingestion, dermal contact, and inhalation of fugitive 

dust and vapors. 

 

To aid risk managers in making remedial decisions for Site 12, potential future residents and 

maintenance/occupational workers will be evaluated for exposure to subsurface soil based on the 

assumption that subsurface soil could be brought to the surface in a future excavation project. If exposure 

to subsurface soil were to occur, a receptor may be exposed to soil via inadvertent ingestion of a small 

amount of soil, via dermal absorption of contaminants from the soil, or via inhalation of vapors or 

particulates.  The results of this evaluation will be presented in the uncertainty section of the risk 

assessment.  

 

Table 2 summarizes the exposure routes that will be addressed quantitatively for each receptor at Site 

12.  

 

2.2 Central Tendency Exposure vs. Reasonable Maximum Exposure 

Traditionally, exposures evaluated in the HHRA were based on the concept of a Reasonable Maximum 

Exposure (RME) only, which is defined as "the maximum exposure that is reasonably expected to occur 

at a site" (USEPA, December 1989).  However, more recent risk assessment guidance (USEPA, May 

1993) indicates the need to address an average case or Central Tendency Exposure (CTE). 

 

To provide a full characterization of potential exposure, both RME and CTE will be evaluated in the risk 

assessment for Site 12.  The available guidance (USEPA, May 1993) concerning the evaluation of CTE is 

limited.  Therefore, professional judgment will be exercised when defining CTE conditions for a particular 

receptor at the site. 

 

2.3 Exposure Point Concentrations (EPCs) 

EPCs, which are calculated for COPCs only, are estimates of chemical concentrations within an exposure 

unit (EU) that are likely to be contacted over time by a receptor and are used to estimate exposure 

intakes.  The EUs evaluated and the guidelines for calculating the EPCs for the EUs within Site 12 are as 

follows:   
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• EUs for receptors potentially exposed to surface and subsurface soil will likely include the sampled 

locations within a study area unless the analytical data for soil suggest that significant contaminant 

hot spot(s)/sub-area(s) exist within the study area, and the hot spot(s)/sub-area(s) is (are) large 

enough to be considered an EU for one or more of the receptors being evaluated.  For example, a 

residential lot size of ¼ acre to 2 acres is often used for the evaluation of a hypothetical future 

resident.  The size of an EU will be based on the distribution of the chemical concentrations in soil 

and on presumed receptor activity patterns. 

 

 

EPCs will be calculated for each medium at which receptors are assumed to be exposed.  These media 

are:   

• On-site surface and subsurface soil 

 

The following guidelines will be used to calculate the EPCs: 

 

• If a soil data set for an EU contains fewer than 10 samples, the EPC for the RME and CTE cases will 

be defined as the maximum detected concentration. 

 

• If a soil data set for an EU contains 10 or more samples, the following receptor-specific EPCs will be 

used: 

 

• Current and future maintenance occupational workers along with current Navy personnel and 

adolescent trespassers will be assumed to be exposed to the upper confidence limit (UCL) on 

the arithmetic mean, which will be based on the distribution of the data set, for the RME and 

CTE cases.  The EPCs will be calculated following USEPA’s Calculating Upper Confidence 

Limits for Exposure Point Concentrations at Hazardous Waste Sites (USEPA, December 

2002) using the USEPA’s ProUCL Version , 4.00.05 software and guidance (USEPA, April 

2007). Individual cases will be examined by a statistician who will make a decision on the 

appropriate value to use as the exposure concentration.  Typically, recommendations made 

in Section 3 (Data Evaluation) of the ProUCL guidance or methods specified in Gilbert are 

used by the statistician.  In keeping with past practice at Naval Station Great Lakes, Illinois 

EPA will be consulted for the non-typical cases. 

 

• Construction workers and future residents will be assumed to be exposed to the maximum 

detected concentration.  The maximum detected concentration will be used as the EPC for 
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construction workers because of the possibility that construction workers might be exposed to 

a small highly concentrated area during the short exposure duration assumed for this 

receptor.  The maximum concentration will be used to estimate risks for future residents 

based on the conservative assumption that a dwelling would be built on the most highly 

contaminated section of the site in the future.  

 

• Risks for exposure to lead will follow the methodology presented in the preceding bullets. EPCs for 

construction workers and future residents will the maximum concentrations. The EPC for occupational 

workers will be the average lead concentration across the site, as per USEPA guidance for the child 

and adult lead models (Section 2.5).  

 

Duplicate analytical results will not be used for the EPC calculations. The duplicate results will be used for 

sampling and analytical quality control purposes only.  Data values less than sample-specific detection 

limits will be reported as the detection limit and the result designated as below detection by annotation. 

 

2.4 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure via ingestion, dermal contact, or inhalation 

are presented in this section of the Work Plan.  Intakes for the identified potential receptor groups will be 

calculated using USEPA risk assessment guidance (USEPA, December 1989 and July 2004) and 

presented in the risk assessment spreadsheets which will be appended to the risk assessment as support 

documentation. 

 

Noncarcinogenic intakes will be estimated using the concept of an average annual exposure.  

Carcinogenic intakes will be calculated as an incremental lifetime exposure that will assume a life 

expectancy of 70 years.  Equations used to calculate estimated intakes are provided below.  

 

Values of the exposure parameters and assumptions regarding exposure for receptors and exposure 

pathways are presented in Tables 3 and 4.  

 

2.4.1 Dermal Contact with Soil 

Direct physical contact with soil may result in the dermal absorption of chemicals.  Exposures associated 

with the dermal route are estimated in the following manner (USEPA, December 1989 and July 2004): 

 

Intakesi  =  (Csi)(SA)(AF)(ABS)(CF)(EF)(ED) /(BW)(AT) 
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 where: 

  Intakesi = amount of chemical "i" absorbed during contact with soil (mg/kg/day) 

  Csi = concentration of chemical "i" in soil (mg/kg) 

  SA = skin surface area available for contact (cm2/day) 

  AF = skin adherence factor (mg/cm2) 

  ABS = absorption factor (dimensionless) 

  CF = conversion factor (1x10-6 kg/mg) 

  EF = exposure frequency (days/yr) 

  ED = exposure duration (yr) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yrs x 365 days/yr 

 

Exposed skin surface areas available for dermal contact are determined for each receptor based on 

assumed human activities and clothing worn during exposure events.  USEPA guidance (USEPA, August 

1997 and July 2004) is used to develop the default assumptions concerning the amount of skin surface 

area available for contact for a receptor.  The skin surface areas that will be used in risk assessment 

calculations and the rationale for the selection of the surface areas are as follows: 

 

• Occupational workers and construction/excavation workers are assumed to be exposed on the head, 

hands and forearms assuming that they wear a short-sleeved shirt, long pants, and shoes.  As 

recommended in RAGS Part E (USEPA, July 2004), this skin surface area is assumed to be 

3,300 cm2 for the RME and CTE scenarios.  This value represents the average of the 50th percentile 

areas of males and females more than 18 years old.  

 

• For future military and civilian adult residents along with current Navy personnel and adolescent 

trespassers are assumed to be exposed to soil, the exposed surface areas available for contact will 

be the values for the adult skin surface area for exposure to soil recommended in RAGS Part E 

(USEPA, July 2004), 5,700 cm2 for both the RME and CTE.  This skin area assumes that head, 

hands, forearms, and lower legs of the adult are available for contact.  For child residents assumed to 

be exposed to soil, the exposed surface areas available for contact will be the values for child skin 

surface area for exposure to soil recommended in RAGS Part E (USEPA, July 2004), 2,800 cm2 for 

both the RME and CTE.  This skin area assumes that head, hands, forearms, lower legs, and feet of 

the child are available for contact.   
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Values of soil adherence factors and chemical-specific dermal absorption factors provided in RAGS 

Part E (USEPA, July 2004) will be used to evaluate risks from exposure to soil.  The following soil 

adherence factors will be used for the RME and CTE exposure scenarios: 

 

•  Construction Workers – 0.3 mg/cm2 for the RME and 0.1 mg/cm2 for the CTE (Exhibit 3.3, 

USEPA, July 2004). 

 

• Occupational Workers – 0.2 mg/cm2 for the RME and 0.02 mg/cm2 for the CTE (Exhibit 3.5, 

USEPA, July 2004). 

 

• Adolescent Recreational Users/Trespassers – 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE.  

(Exhibit 3.5, U.S. EPA, July, 2004). 

 

• Future Adult Residents and Adult Recreational Users/Trespassers – 0.07 mg/cm2 for the RME and 

0.01 mg/cm2 for the CTE (Exhibit 3.5, U.S. EPA, July, 2004) 

 

• Future Child Residents – 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE (Exhibit 3.5, 

USEPA, July 2004). 

 

For the constituents identified as COPCs in soil, the following absorption factors will be used 

(USEPA, July 2004):  

 

• Arsenic – 0.03 

• Cadmium – 0.001 

• PAHs – 0.13 

• Semivolatiles – 0.1 

• Other Inorganics and Volatile Organics – not evaluated for dermal contact with soil (USEPA, July 

2004) 

 

2.4.2 Incidental Ingestion of Soil 

Incidental ingestion of soil by potential receptors is assumed to coincide with dermal exposure.  

Exposures associated with incidental ingestion are estimated in the following manner (USEPA, December 

1989): 
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Intakesi  =  (Csi)(IRs)(FI)(EF)(ED)(CF) /(BW)(AT) 

 

 where: 

  Intakesi = intake of contaminant "i" from soil (mg/kg/day) 

  Csi = concentration of contaminant "i" in soil (mg/kg) 

  IRs = ingestion rate (mg/day) 

  FI = fraction ingested from contaminated source (dimensionless) 

  EF = exposure frequency (days/yr) 

  ED = exposure duration (yr) 

  CF = conversion factor (1x10-6 kg/mg) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yrs x 365 days/yr 

 

The same exposure frequencies and durations used in the estimation of dermal intakes will be used to 

estimate exposure via incidental ingestion.  A default value of 1.0 (USEPA, December 1989) will be used 

for the fraction ingested from the contaminated source for the RME and CTE scenarios.  For the RME 

scenario, the ingestion rate is set at 330 mg/day for the construction worker (USEPA, December 2002), 

200 mg/day for the future child resident, and 100 mg/day for the other potential receptors (the 

occupational worker and future adult resident) (USEPA, May 1993).  Ingestion rates for the CTE are 

assumed to be one-half of the RME values.  

 

2.4.3 Inhalation of Air Containing Fugitive Dust/Volatiles Emitted from Soil 

The inhalation pathway will be quantitatively evaluated only if it is determined to be necessary by a 

comparison with USEPA SSLs for the migration of chemicals from soil to air.   These modeled air 

concentrations are calculated by Tetra Tech using the methodology and equations based on USEPA’s 

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites for the migration of 

chemicals from soil to air (OSWER 9355.4-24, December 2002) and equations published at 

http://rais.ornl.gov/epa/ssl1.shtml, since these values are more recent than those published in the 1996 

and 2002 SSL guidance documents. 

 

For those chemicals that exceed their respective SSLs, this pathway is quantitatively evaluated and these 

are compared with unit risk and RFCs to calculated inhalation risks and noncancer hazards for this 
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pathway.  If it is determined that a quantitative evaluation is not required, the potential risks associated 

with the inhalation pathway will be regarded as minimal and no further evaluation will be performed.  

 

The amount of chemical a receptor takes in as a result of respiration is determined using the 

concentration of the contaminant in air.  Intakes of both particulates and vapors from soil will be 

calculated using the following equation (USEPA, December 1991 and July 1996): 

 

Intakeai = [Csi x IRa x ET x EF x ED x (1/PEF + 1/VF)] / (BW x AT) 

 

 where: Intakeai  = intake of chemical "i" from air via inhalation (mg/kg/day) 

  Csi  = concentration of chemical "i" in soil (mg/kg) 

  IRa  = inhalation rate (m3/hr or day) 

  ET   = exposure time (hours/day) 

  EF  = exposure frequency (days/yr) 

  ED   = exposure duration (yr) 

  PEF  = Particulate Emission Factor (m3/kg)   

VF  = Volatilization Factor (chemical-specific) (m3/kg) 

  BW  = body weight (kg) 

  AT  = averaging time (days); 

     for noncarcinogens, AT = ED x 365 days/yr; 

     for carcinogens, AT = 70 yr x 365 days/yr 

 

The concentration of a chemical in air is calculated using the methodology provided in the USEPA’s Soil 

Screening Guidance (USEPA, July 1996 and December 2002) and measured soil concentrations, site-

specific information such as the fraction of organic carbon (foc), chemical-specific data, and model default 

values.  The following inhalation rates are used to calculate the inhalation intakes: for workers, 2.5 m3 per 

hour for the RME and 1.5 m3 per hour for the CTE (USEPA, August 1997 and December 2002), 20 m3 

per day for adult residents for the CTE and RME (USEPA, December 1989 and March 1991), and 10 m3 

per day for child residents six years of age and under (USEPA, August 1997) for the CTE and RME.   

2.5 Exposure to Lead 

The equations and methodology presented in the previous section cannot be used to evaluate exposure 

to lead because of the absence of published dose-response parameters.  If lead is identified as a COPC, 

exposure to lead will be assessed using the latest version of the USEPA's Integrated Exposure Uptake 

Biokinetic (IEUBK) Model for lead (USEPA, May 2002).  This model is designed to estimate blood levels 
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of lead in children (under 7 years of age) based on either default or site-specific input values for air, 

drinking water, diet, dust, and soil exposure. 

 

Studies indicate that infants and young children are extremely susceptible to adverse effects from 

exposure to lead.  Considerable behavioral and developmental impairments have been noted in children 

with elevated blood lead levels.  The threshold for toxic effects from this chemical is believed to be in the 

range of 10 µg/dL to 15 µg/dL.  Blood lead levels greater than 10 µg/dL are considered to be a "concern." 

 

 

Adult exposure to lead in soil will be quantified by the model provided by the USEPA’s Technical Review 

Workgroup for Lead (USEPA, November 2003).  In this model, adult exposure to lead in soil is addressed 

by an evaluation of the relationship between the site soil lead concentration and the blood lead 

concentration in the developing fetuses of adult women.  The adult lead model will generate a 

spreadsheet for each exposure scenario evaluated (i.e., workers and adult residents).  The spreadsheets 

will calculate a range of 95th percentile fetal blood lead concentrations from central estimates of blood 

lead concentrations in pregnant adult women.  The spreadsheets also calculate 95th percentile blood lead 

concentrations in fetuses born to women exposed to lead in soil. 

 

No models are currently available to evaluate the periodic exposure of adolescent trespassers to lead.  

Therefore, guidance provided in the USEPA’s Assessing Intermittent or Variable Exposures to Lead Sites 

(USEPA, 2003) will be used to evaluate the periodic exposure expected for this receptor.  This guidance 

makes use of such options as time weighting, varying intensity of exposure, and seasonal variability, in 

conjunction with the IEUBK and ALM models, to estimate exposure to lead in soil  

 

 

 

3.0 TOXICITY ASSESSMENT 

The objective of the toxicity assessment is to identify the potential health hazards and adverse effects in 

exposed populations.  Quantitative estimates of the relationship between the magnitude and type of 

exposures and the severity or probability of human health effects will be defined for the identified COPCs.  

Quantitative toxicity values determined during this component of the risk assessment will be integrated 

with outputs of the exposure assessment to characterize the potential for the occurrence of adverse 

health effects for each receptor group. 
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The toxicity value used to evaluate noncarcinogenic health effects is the Reference Dose (RfD).  

Carcinogenic effects are quantified using the Cancer Slope Factor (CSF). 

 

3.1 Toxicity Criteria 

Oral and inhalation RfDs and CSFs to be used in the site-specific risk assessment for Site 12 will be 

obtained from the following primary literature sources (USEPA, December 2003): 

 

• Integrated Risk Information System (IRIS) (Online at http://www.epa.gov/iris/subst/index.html). 

 

• USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) – The Office of Research and 

Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 

Technical Support Center develops PPRTVs on a chemical specific basis when requested by the 

USEPA’s Superfund program. 

 

• Annual Health Effects Assessment Summary Tables (HEAST) (USEPA, July 1997) for chronic and 

subchronic toxicity values. 

 

• Other Toxicity Values – These sources include but are not limited to California Environmental 

Protection Agency (Cal EPA) toxicity values, the Agency for Toxic Substances and Disease Registry 

(ATSDR) Minimal Risk Levels (MRLs). 

 

• Illinois EPA Bureau of Land at http://www.epa.state.il.us/land/taco/toxicity-values.xls for subchronic 

toxicity values 

 

• The Risk Assessment Information System (RAIS) http://rais.ornl.gov/tox/toxvals.shtml for 
subchronic toxicity values. 

 

• Although RfDs and CSFs can be found in several toxicological sources, USEPA's IRIS online 

database is the preferred source for toxicity values.  The ORNL Regional Screening Levels for 

Chemical Contaminants at Superfund Sites (ORNL, June 2008) will also be used as sources of 

toxicity criteria.  Guidance provided in RAGS-Part C (USEPA, October 1991) and by Illinois EPA will 

also be used when evaluating subchronic risks for the construction worker.  
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3.2 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature may be expressed as administered doses; therefore, these values are 

considered to be inappropriate for estimating the risks associated with dermal routes of exposure.  Oral 

dose-response parameters based on administered doses must be adjusted to absorbed doses before the 

comparison to estimated dermal exposure intakes is made.  Because this information is not always 

readily available, oral dose-response parameters will be adjusted to an absorbed dose using chemical-

specific absorption efficiencies published in available guidance (USEPA, July 2004) and the following 

equations: 

 

( )( )GIoraldermal ABSRfD  RfD =  

 

( ) ( )GIoraldermal ABS/CSF  CSF =  

 

 where:  

  ABSGI  =  absorption efficiency in the gastrointestinal tract 

 

Absorption efficiencies used in the risk assessments will reflect the USEPA’s current dermal assessment 

guidance (USEPA, July 2004). 

 

3.3 Toxicity Criteria for Chromium 

Toxicity criteria are available for two different forms of chromium, the trivalent state and the hexavalent 

state, of which the latter is considered to be more toxic.  The screening of chromium will be conducted 

assuming that 100 percent of the reported total chromium is hexavalent.  Should chromium, assumed to 

be hexavalent, prove to be a significant contributor to risk, further investigation regarding the presence 

and valence state of chromium may be necessary.  The uncertainty associated with the assumption that 

all chromium is hexavalent chromium will be discussed in the uncertainty section of the risk assessment. 

 

4.0 RISK CHARACTERIZATION 

Potential risks (noncarcinogenic and carcinogenic) for human receptors resulting from the exposures 

outlined in the exposure assessment are quantitatively determined during the risk characterization 

component of the human health risk assessment.   
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A summary and interpretive discussion of the quantitative risk estimates will be provided in the text of the 

risk assessment.  During the interpretive risk discussion, COPCs that contribute significantly to elevated 

risks will be identified as "risk drivers" or chemicals of concern (COCs).  The numeric estimates of risk will 

be contained in the risk assessment spreadsheets that will be appended to the risk assessment as 

support documentation.   

 

4.1 Quantitative Analysis 

Quantitative estimates of risk will be calculated according to risk assessment methods outlined in USEPA 

guidance (USEPA, December 1989).  Lifetime cancer risks will be expressed in the form of dimensionless 

probabilities, referred to as incremental lifetime cancer risks (ILCRs), based on CSFs.  Noncarcinogenic 

risk estimates will be presented in the form of Hazard Quotients (HQs) that are determined through a 

comparison of intakes with published RfDs. 

 

ILCR estimates are generated for each COPC using estimated exposure intakes and published CSFs, as 

follows: 

 

ILCR = Estimated Exposure Intake x CSF 

 

If the above equation results in an ILCR greater than 0.01, the following equation (USEPA, December 

1989) will be used: 

 

ILCR = 1-(exp-[Estimated Exposure Intake x CSF]) 

 

An ILCR of 1x10-6 indicates that the exposed receptor has a one-in-one-million chance of developing 

cancer under the defined exposure scenario.  Alternatively, such a risk may be interpreted as 

representing one additional case of cancer in an exposed population of one million persons. 

 

As mentioned previously, noncarcinogenic risks will be assessed using the concept of HQs and Hazard 

Indices (HIs).  The HQ for a COPC is the ratio of the estimated intake to the RfD, as follows: 

 

HQ = Estimated Exposure Intake ÷ RfD 

 

An HI will be generated by summing the individual HQs for the COPCs.  The HI is not a mathematical 

prediction of the severity of toxic effects and therefore is not a true "risk"; it is simply a numerical indicator 

of the possibility of the occurrence of noncarcinogenic (threshold) effects. 
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4.2 Comparison of Quantitative Risk Estimates to Benchmarks 

Quantitative risk estimates will be compared to USEPA and Illinois EPA benchmarks to interpret the 

quantitative risks and to aid risk managers in determining the need for remediation at a site.  Calculated 

ILCRs will be interpreted using the USEPA's "target range" (1x10-4 to 1x10-6) and HIs are evaluated using 

a value of 1.0.  The Illinois EPA goal for carcinogenic risks, as specified in TACO, is 1x10-6. 

 

The USEPA has defined the range of 1x10-4 to 1x10-6 as the ILCR target range for most hazardous waste 

facilities addressed under CERCLA and RCRA.  Individual or cumulative ILCRs greater than 1x10-4 are 

typically not considered as protective of human health, and ILCRs less than 1x10-6 are typically regarded 

as protective.   Risk management decisions are necessary when the ILCR is within the 1x10-4 to 1x10-6 

cancer risk range.  Risks greater than 1x10-6 will be discussed in the risk assessment.   

 

An HI exceeding unity (1.0) indicates that there may be potential noncarcinogenic health risks associated 

with exposure.  If an HI exceeded unity, a segregation of target organs effects associated with exposure 

to COPCs is performed.  Only those chemicals that affect the same target organ(s) or exhibit similar 

critical effect(s) are regarded as truly additive.  Consequently, it may be possible for a cumulative HI to 

exceed 1.0, but have no anticipated adverse health effects if the COPCs do not affect the same target 

organ or exhibit the same critical effect.  

 

4.3 Qualitative Analysis 

A qualitative evaluation of risk will be made for several exposure situations. 

 

• The soil inhalation pathway will be initially evaluated by a comparison of maximum site soil 

concentrations to USEPA Generic SSLs for transfers from soil to air and Illinois EPA Tier 1 Soil 

Remediation Objectives for Residential Properties for the inhalation exposure route.  If the maximum 

site concentration exceeds the SSL for a chemical, a quantitative analysis of this exposure pathway 

will be performed. 

 

• The potential for the migration of soil contaminants to groundwater will be assessed by a comparison 

of maximum and average soil concentrations to Illinois EPA and USEPA Generic SSLs for transfers 

from soil to groundwater.  SSLs based on dilution and attenuation factors (DAFs) of 1 and 20, 

respectively, will be used in the evaluation.  The comparisons will be presented in tables and results 

of the analysis will be discussed in the risk assessment.  
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5.0 UNCERTAINTY ANALYSIS 

The goal of the uncertainty analysis is to identify important uncertainties and limitations associated with 

the HHRA.  Uncertainties related to each component of the assessment (i.e., data evaluation, exposure 

assessment, toxicity assessment, and risk characterization) will be presented.  In addition, the effect of a 

particular uncertainty on the outcome of the assessment (i.e., risk estimates) will also be discussed, 

where possible.  The following subsections present an overview of uncertainties that may be addressed in 

the risk assessment uncertainty section.  

 

5.1 Uncertainty in Data Evaluation 

This section may discuss uncertainties in the risk assessment associated with the analytical data and 

data quality.  This may also involve a discussion of uncertainty in the COPC selection process, the 

inclusion or exclusion of COPCs in the risk assessment on the basis of background concentrations, the 

uncertainty in COPC screening levels, and the omission of constituents for which health criteria are not 

available.  The discussion will be based, in part, on the evaluation in the “Data Usability Worksheet” as 

suggested in RAGS Part D (USEPA, December 2001). 

 

5.2 Uncertainty in the Exposure Assessment 

This section will include a discussion of the following: assumptions related to current and future land use; 

the uncertainty in EPCs (e.g., the use of maximum concentrations to estimate risks); uncertainty in the 

selection of potential receptors and exposure scenarios; and uncertainty in the selection of exposure 

parameters (RME vs. CTE).  If predictive models are used in the risk estimation, the uncertainty 

associated with the model and modeling parameters will be evaluated. 

 

5.3 Uncertainty in the Toxicity Assessment 

The uncertainties inherent in RfDs and CSFs and use of available criteria will be discussed.  A discussion 

of the uncertainty in hazard assessment that deals with characterizing the nature and strength of the 

evidence of causation, or the likelihood that a chemical that induces adverse effects in animals will also 

induce adverse effects in humans, will be provided.  This section will also discuss uncertainty in the dose-

response evaluations for the COPCs that relates to the determination of a CSF for the carcinogenic 

assessment and derivation of an RfD or Reference Concentration (RfC) for the noncarcinogenic 

assessment.  In addition, a discussion of the uncertainty in the toxicity of specific constituents, such as 

arsenic and chromium will be presented, if applicable. 
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5.4 Uncertainty in the Risk Characterization 

This section will discuss the uncertainty in risk characterization that results primarily from assumptions 

made regarding additivity/synergism of effects from exposure to multiple COPCs affecting different target 

organs across various exposure routes.  The risk assessment will discuss the uncertainty inherent in 

summing risks for several substances across different exposure pathways.  It should be noted that 

probabilistic risk assessment techniques may also be used to further define the uncertainty attached to 

the risk characterization results.  However, the exposure assumptions (e.g., probability distributions) used 

to prepare the probabilistic risk assessment will be reviewed with the regulatory reviewers before they are 

incorporated into the uncertainty section of the risk assessment. 



TABLE 1

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN
SITE 12 - HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

Scenario Timeframe:

Medium:

Exposure Medium:
Exposure Point:

CAS
Number Chemical

Minimum 
Concentration

(1)

Minimum
Qualifier

Maximum
Concentration

 (1)

Maximum
Qualifier Units

Location
of Maximum

Concentration

Detection
Frequency

Range of
Detection

Limits

Concentration
Used for 

Screening

Background
Value (2)

Screening
Toxicity 
Value (3)

Potential
ARAR/TBC

Value

Potential
ARAR/TBC

Source

COPC
Flag 

Rationale for
Contaminant
Deletion or 
Selection

(4)

1  Minimum/maximum detected concentration.                                                                                                                                                                                           Definitions: N/A = Not Applicable 

2  N/A - Refer to supporting information for background discussion.                                                                                                                                                                                SQL =  Sample Quantitation Limit

    Background values derived from statistical analysis.  Follow Regional guidance and provide supporting information.                                                                                               COPC = Chemical of Potential Concern

3  Provide reference for screening toxicity value.                                                                                                                                                                                                              ARAC/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

4  Rationale Codes  Selection Reason: Infrequent Detection but Associated Historically (HIST).                                                                                                                     MCL = Federal Maximum Contaminant Level

Frequent Detection (FD)                                                                                                                                                                      SMCL = Secondary Maximum Contaminant Level

Toxicity Information Available (TX0) J = Estimated Value

Above Screening Levels (ASL)                                                                                                                                                            C = Carcinogenic

                Deletion Reason: Infrequent Detection (IFD)                                                                                                                                  N =  Non-Carcinogenic

Background Levels (BKG)

No Toxicity Information (NTX)

Essential Nutrient (NUT)

Below Screening Level (BSL)



TABLE 2 
 

HUMAN HEALTH RISK ASSESSMENT 
EXPOSURE ROUTES FOR POSSIBLE QUANTITATIVE EVALUATION 

SITE 12  –  HARBOR DREDGE SPOIL AREA 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 
 

 
Receptors Exposure Routes* 

Construction Workers 
(future land use) 

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Surface and Subsurface Soil  - Inhalation of Vapor 

and Dust 
Occupational Workers 
(future land use) 

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•            Surface Soil – Inhalation of Dusts 

Recreational User/ Trespasser 
(Adult/Children)  

• Surface Soil - Dermal Contact 
• Surface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•            Surface Soil – Inhalation of Dusts 

Future Residents 
(Adult/Children)  

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•          Surface Soil – Inhalation of Dusts 

*Complete pathways dependent on exceedances of COPCs to screening criteria. 

  



TABLE 3

SUMMARY OF EXPOSURE INPUT PARAMETERS, REASONABLE MAXIMUM EXPOSURES
SITE 12  -  HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 1 OF 2

Exposure 
Parameter Construction Worker Occupational Worker

Adolescent 
Recreational 

User/Trespasser

Adult Recreational 
User/Trespasser

On-Site Child 
Resident

On-Site Adult 
Resident

All Exposures

Csoil/Csed (mg/kg) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Cgw (µg/L) Average Average NA NA Average Average

Csw (µg/L) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

ED (years) 1(2) 25(3) 10(4) 24(5) 6(5) 24(5)

BW (kg) 70(5) 70(5) 42(6) 70(5) 15(5) 70(5)

ATn (days) 42(7) 9,125(8) 3,650(8) 8,760(8) 2,190(8) 8,760(8)

ATc (days) 25,550(8) 25,550(8) 25,550(8) 25,550(8) 25,550(8) 25,550(8)

Incidental Ingestion/Dermal Contact with Soil
IR (mg/day) 330(9) 100(5) 100(5) 100(5) 200(5) 100(5)

EF-Soil (days/year) 30(10) 250(5) 26(4) 26(4) 350(5) 350(5)

FI (unitless) 1(5) 1(5) 1(5) 1(5) 1(5) 1(5)

SA (cm2/day) 3,300(11) 3,300(11) 3,280(7) 3,300(11) 2,800(11) 5,700(11)

AF (mg/cm2) 0.3(11) 0.2(11) 0.2(11) 0.2(11) 0.2(11) 0.07(11)

ABS (unitless) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11)

CF (kg/mg) 1E-06 1E-06 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil
Cair (mg/m3) calculated(9) calculated(9) calculated(10) calculated(9) calculated(9) calculated(9)

air ( g )
InhR (m3/hour) 2.5(6) 2.5(10) 1.9(7) 2.5(10) 10 m3/day(6) 20 m3/day(9)

ET (hours/day) 8(12) 8(10) 2(4) 2(4) 24(6) 24(9)

EF-Soil (days/year) 30(10) 250(5) 26(4) 26(4) 350(5) 350(5)

PEF (m3/kg) 1.27E+06(13) 1.36E+9(10) 1.36E+9(10) 1.36E+9(10) 1.36E+09(9) 1.36E+09(9)

Notes:
A Skin surface area available for contact EF          Exposure frequency
ABS       Absorption factor ET          Exposure time
AF          Soil-to-skin adherence factor EV          Event frequency
ATc         Averaging time for carcinogenic effects FI            Fraction ingested from contaminated source
ATn         Averaging time for non-carcinogenic effects InhR        Inhalation rate



TABLE 3

SUMMARY OF EXPOSURE INPUT PARAMETERS, REASONABLE MAXIMUM EXPOSURES
SITE 12  -  HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 2 OF 2

B            Bunge Model partitioning coefficient IR            Ingestion rate (soil or groundwater)
BW         Body weight Kp           Permeability coefficient from water through skin
CF          Conversion factor SA          Skin surface area available for contact
IR          Ingestion rate PEF        Particulate emission factor
Csoil/sed      Exposure concentration for soil/sediment τ             Lag time
Cgw/sw        Exposure concentration for groundwater/surface water t*            Time it takes to reach steady-state conditions
Cair             Exposure concentration for air tevent       Duration of event
ED          Exposure duration

1 - U.S. EPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.
2 - Professional judgment.
3 - U.S. EPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.6-03.
4 - Adolescents ages 7 to 16 years old.
5 - U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
6 - U.S. EPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA.
7 - IEPA, Janaury 2003.
8 - U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.
9 - U.S. EPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24.
10 - IEPA, April 2004.
11 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005.
12 - Assume an 8-hour work shift.
13 - The PEF for construction workers is calculated using the equations presented in the Supplemental Guidance For Developing Soil Screening Levels For Superfund Sites
Note: The exposure factors for future civilian and military residents are the same, except for exposure duration (ED) for adult military residents.
         Exposure duration for adult military residents is assumed to be the typical enlistment times of 6 years, for the RME and CTE.



TABLE 4

SUMMARY OF EXPOSURE INPUT PARAMETERS, CENTRAL TENDENCY EXPOSURES
SITE 12  - HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 1 OF 2

Exposure 
Parameter Construction Worker Occupational Worker

Adolescent 
Recceational 

User/Trespasser

Adult Recreational 
User/Trespasser

On-Site Child 
Resident

On-Site Adult 
Resident

All Exposures

Csoil/Csed (mg/kg) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Cgw (µg/L) Average Average NA NA Average Average

Csw (µg/L) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

ED (years) 1(2) 9(3) 10(4) 7(3) 2(3) 7(3)

BW (kg) 70(3) 70(3) 42(5) 70(3) 15(3) 70(3)

ATn (days) 42(6) 3,285(7) 3,650(7) 2,555(7) 730(7) 2,555(7)

ATc (days) 25,550(7) 25,550(7) 25,550(7) 25,550(7) 25,550(7) 25,550(7)

Incidental Ingestion/Dermal Contact with Soil
IR (mg/day) 165(8) 50(9) 50(9) 50(9) 100(8) 50(8)

EF-Soil (days/year) 30(9) 219(3) 13(4) 13(4) 234(3) 234(3)

FI (unitless) 1(3) 1(3) 1(3) 1(3) 1(3) 1(3)

SA (cm2/day) 3,300(10) 3,300(10) 3,100(6) 3,300(10) 2,800(10) 5,700(10)

AF (mg/cm2) 0.1(10) 0.02(10) 0.04(10) 0.02(10) 0.04(10) 0.01(10)

ABS (unitless) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10)

CF (kg/mg) 1E-06 1E-06 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil
Cair (mg/m3) calculated(11) calculated(11) calculated(11) calculated(11) calculated(11) calculated(11)

air ( g )
InhR (m3/hour) 2.5(5) 1.5(6) 1.2(6) 1.5(6) 10 m3/day(5) 20 m3/day(11)

ET (hours/day) 4(8) 4(9) 1(9) 1(9) 24(5) 24(11)

EF-Soil (days/year) 30(9) 219(3) 13(4) 13(4) 234(3) 234(3)

PEF (m3/kg) 1.27E+06(12) 1.36E+09(11) 1.36E+9(11) 1.36E+9(11) 1.36E+09(11) 1.36E+09(11)

Notes:
A Skin surface area available for contact EF          Exposure frequency
ABS       Absorption factor ET          Exposure time
AF          Soil-to-skin adherence factor EV          Event frequency
ATc         Averaging time for carcinogenic effects FI            Fraction ingested from contaminated source
ATn         Averaging time for non-carcinogenic effects InhR        Inhalation rate
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B            Bunge Model partitioning coefficient IR            Ingestion rate (soil or groundwater)
BW         Body weight Kp           Permeability coefficient from water through skin
CF          Conversion factor SA          Skin surface area available for contact
IR          Ingestion rate PEF        Particulate emission factor
Csoil/sed      Exposure concentration for soil/sediment τ             Lag time
Cgw/sw        Exposure concentration for groundwater/surface water t*            Time it takes to reach steady-state conditions
Cair             Exposure concentration for air tevent       Duration of event
ED          Exposure duration

1 - U.S. EPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.
2 - Professional judgment.
3 - U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
4 - Adolescents ages 7 to 16 years old.
5 - U.S. EPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA.
6 - IEPA, Janaury 2003.
7 - U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.
8 - Central tendency exposure is assumed to be one-half the reasonable maximum exposure value.
9 - IEPA, April 2004.
10 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005.
11 - U.S. EPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24.
12 - The PEF for construction workers is calculated using the equations presented in the Supplemental Guidance For Developing Soil Screening Levels For Superfund Site
Note: The exposure factors for future civilian and military residents are the same, except for exposure duration (ED) for adult military residents.
         Exposure duration for adult military residents is assumed to be the typical enlistment times of 6 years, for the RME and CTE.
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SITE 12 - HARBOR DREDGE SPOIL AREA
NAVAL STATION GREAT LAKES, ILLINOIS
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Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure.
A complete exposure pathway requires a source, a route of contaminant transport, and an exposure or contact point for a human receptor.  If one of these is lacking, the exposure pathway is 
considered incomplete and is not quantitatively in the risk assessment under current land use. However, the situation at the site might change in the future (e.g., residential dwellings could be 
built), and the exposure pathway for future residents would be complete and would then be evaluated in the risk assessment under future land use.
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METALS DIGESTION/PREPARATION 
 

References: 
Methods 3005A/USEPA CLPILM0 4.1 Aqueous, 3010A, 3030C, 3031, 3050B 
USEPA CLPILM0 4.1 (Soil/Sediment), 200.7, Standard Methods 3030C 

See Addendum for USEPA CLPILM 05.2 (Aqueous & Soil/Sediment) 
 
 

I. SCOPE AND APPLICATION 
 

A. AQUEOUS 
 

1. Method 3005A and USEPA CLP ILM0 4.1, "Acid Digestion of Waters for 
Total Recoverable or Dissolved Metals for Analysis by ICP 
Spectroscopy". 

 
a. This method is used to prepare surface water, ground water, drinking 

water and wastewater samples for analysis by inductively coupled 
argon plasma spectroscopy (ICP). 

 
2. Method 200.7, "Determination of Metals and Trace Metals in Water and 

Wastes by Inductively Coupled Plasma-Atomic Emission Spectrometry" 
 
a. This method is used to prepare surface water, ground water, drinking 

water and wastewater samples for analysis by inductively coupled 
argon plasma spectroscopy (ICP). 

 
3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for 

Total Metals for Analysis by ICP Spectroscopy". 
 

a. This method is used to prepare aqueous samples, EP and mobility-
procedure extracts, and wastes that contain suspended solids for 
analysis by ICP.  The procedure is used to determine total metals.   

 
4. Method 3030C (Standard methods), "Preliminary Treatment for Acid-

Extractable Metals". 
 

a. This method is used to prepare ground water samples from North 
Carolina for analysis by ICP. 
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B. SOLIDS 
 
1. Method 3050B, "Acid Digestion of Sediments, Sludges and Soils". 

 
a. This method is used to prepare sediments, sludges and soil samples for 

analysis by ICP.  Since certain matrices may result in poor recovery, 
the method of standard additions may be used when analyzed. 

 
b. It should be noted that some metals could be biased high with the soil 

digestion when dilution is necessary.  Take necessary measures to 
ensure that dilutions are made as accurately as possible. 

 
  

2. USEPA CLP ILM0 4.1, “Acid Digestion of Soil/Sediment” 
 

a. This method is used to prepare sediments and soil samples for analysis 
by ICP.  Since certain matrices may result in poor recovery, the 
method of standard additions may be used when analyzed. 

 
C. OILS 

 
1. Method 3031, "Digestion Procedure for Oils". 

 
a. This method is used to prepare samples containing oils, greases or 

waxes for analysis by inductively coupled argon plasma emission 
spectroscopy (ICP). 

 
D. NOTES: 

 
1. "Total Metals" includes all metals, inorganically and organically bound 

and both dissolved and particulate. 
 
2. "Dissolved metals" includes all metals present in a sample after filtration 

through a 0.45 micron filter followed by digestion. 
 
II. SUMMARY OF METHODS 
 

A. A representative sample of water, soil or oil is put into an acid medium and 
exposed to heat for a certain amount of time.  This allows for reduction of 
interferences by organic matter and converts metals bound to particulates to 
form the free metal that can be determined by ICP-Atomic Emission 
Spectrometry.  

NOTE:  When a reporting limit is required for a project lower then is customary, 
a four times concentration must be used in order to reach that lower level.  Care 
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must be taken to matrix match this concentrated aliquot.  A blank and laboratory 
control sample (at a reduced concentration) are required with this concentration.  
A matrix spike ( not at reduced concentration) and duplicate or matrix spike and 
matrix spike duplicate is needed per 20 samples or per batch.  

 
 
 
 
III. SAMPLE HANDLING AND PRESERVATION 
 

A. AQUEOUS 
 

1. Samples are taken in high density polyethylene, one liter bottles.  Samples 
should be preserved with concentrated HNO3 to a pH <2 immediately 
once sampled.  If dissolved metals are to be analyzed the sample should be 
filtered before the HNO3 is added.  The samples should be maintained at 
4°C until analysis.  The holding time for metals samples is 180 days or 
approximately 6 months. 

 
B. SOLIDS 
 

1. Samples are taken in high density polyethylene(CLP only) or glass bottles.  
The samples should be maintained at 4°C until analysis.  The holding time 
for metals samples is 180 days or approximately 6 months. 

 
C. OILS 

 
1. Samples are taken in high density polyethylene bottles.  The samples 

should be maintained at 4°C until analysis.  The holding time for metals 
samples is 180 days or approximately 6 months. 

 
IV. INTERFERENCES 
 

A. AQUEOUS 
 
1. Method 3005A and USEPA CLPILM0 4.1, "Acid Digestion of Waters for 

Total Recoverable or Dissolved Metals for Analysis by ICP 
Spectroscopy", SW846, July, 1992. 

 
a. This digestion procedure may not be sufficiently vigorous to destroy 

some metal complexes. 
 

2. Method 200.7 
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3. Method 3010A 
 

a. See method 6010B. 
 
 

 
B. SOLIDS 
 

1. Method 3050B 
 

a. Sludge samples can contain diverse matrix types, each of which may 
present its own analytical challenge.  Spiked samples and any relevant 
standard reference material should be processed to aid in determining 
whether this method is applicable to a given waste. 

 
2. USEPA CLP ILM0 4.1 

 
a. Sludge samples can contain diverse matrix types, each of which may 

present its own analytical challenge.  Spiked samples and any relevant 
standard reference material should be processed to aid in determining 
whether this method is applicable to a given waste. 

 
C. OILS 
 

1. Method 3031 
 

a. These digestates can have very high dissolved solids, which may 
necessitate the use of internal standards, dilutions, or the method of 
standard addition. 

 
V. SAFETY 
 

A. Normal accepted laboratory safety practices should be followed while 
performing this analysis. 

 
B. Be certain the exhaust hood is functioning before you begin the digestion 

procedure. 
 
C. Hot acids can be extremely corrosive.  Avoid inhalation or contact with skin. 

 
VI. EQUIPMENT/APPARATUS 
 

A. Fume hood,  Labconco or equivalent. 
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B. Hot plate, Thermolyne cimarec-3 or equivalent source for use at 95°C.  The 
temperature of the hot plate must be monitored via the use of a temperature 
blank. 

 
C. Thermometer capable of reading 80 to 120 degrees C – ERTCO cat# 611-3-

SC or  equivalent. 
 

D. Vacuum pump for filtering dissolved metals- Gast or equivalent. 
 
E. Analytical balance capable of weighing to 0.01 gram.  Mettler model BB300 

or equivalent. 
 
F. Beckman CS-6R centrifuge. 

 
G. Various class A volumetric glassware and ribbed watchglasses,  Pyrex or 

equivalent. 
 

H. Whatman No. 41 filter paper or equivalent. 
 

I. Whatman No. 42 filter paper or equivalent. 
 

J. Whatman 0.45 micron filter paper or equivalent. 
 

K. 250 mL beaker or other appropriate vessel such as polypropylene block 
digester tubes, watch glasses and caps.  

 
L. Stirring device, e.g. magnetic stirrer, glass rod or equivalent. 

 
M. Manual Sample Mill 

 
N. Wiley Sample Mill 

 
O. Clippers for cutting vegetation 

 
NOTE:   All  glassware should be acid washed. 
 

 
VII. REAGENTS AND STANDARD PREPARATION 
 
 

A. REAGENTS 
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1. Metals grade Nitric acid (HNO3). Reagent should be analyzed to 
determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
2. Metals grade Hydrochloric acid (HCl). Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
3. 30% hydrogen peroxide reagent, ACS Grade.  Reagent  should be 

analyzed to determine level of impurities.  If method blank is <MDL, then 
the reagent can be used. 

 
4. Metals grade Sulfuric acid (H2SO4).  Reagent  should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
5. Reagent water (Deionized water). 
 
6. Potassium Permanganate - Ultra pure grade.  Reagent  should be analyzed 

to determine level of impurities.  If method blank is <MDL, then the 
reagent can be used. 

 
7. Ammonium hydroxide, concentrated, reagent grade.  Reagent should be 

analyzed to determine level of impurities.  If method blank is <MDL, then 
the reagent can be used. 

 
8. Ammonium phosphate, reagent grade- Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
9. Base oil, analyte-free.  Oil should be analyzed to determine level of 

impurities.  If method blank is < MDL, then the reagent can be used. 
 
B. STANDARDS 
 

1. Traceability 
 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 
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b. All working standards made from reference materials shall be labeled 
with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, 
expiration date and the logbook where information is recorded.  
Reagents shall be labeled with date received and expiration date, if 
applicable.  All of the information described above shall also be 
recorded in a bound logbook.  Measurements made during standards 
preparation (e.g., from weighing operations, volume diluted to, etc.)  
shall also be recorded.  There should be no container with sample, 
sample extract, standard solution, etc. that is not correctly labeled and 
properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
2. PREPARATION 

 
A. Laboratory control sample 
 

1. Aqueous 
 
a. This solution is prepared as follows:  50 mL concentrated HCl, 

20 mL concentrated HNO3, 1 mL of CLP-CAL-1, Solution A, 1 
mL of CLP-CAL-1 Solution B, 0.25 mL of CLP-CAL-2, and 0.25 
mL of CLP-CAL-3 diluted to 1 L in a volumetric flask.  Use 50 
mL (100 mL for strict CLPIlM0 4.1) for digestion.  This solution is 
given a unique identifier and recorded in sample digestion 
logbook. 

 
b. For four times concentrated samples: The solution is prepared as 

follows:  50 mL concentrated HCl, 20 mL concentrated HNO3, 
1mL CLPP-SPK-4 (Inorganic Ventures) (This solution contains 10 
mg/L Selenium, 100 mg/L Antimony, 50 mg/L Cadmium and 
Thallium, 40 mg/L Arsenic and 20 mg/L Lead) to 1 L in a 
volumetric flask.  This solution is given a unique identifier.  Use 
12.5 mLs to 50 mLs and prepare two aliquots.  Heat at 90 to 95°C 
to reduce the volume in each vessel to ten mLs and then combine 
each 10 mL aliquot into one vessel and take to a final volume of  
25 mLs.  Take care to matrix match acids so that the final 25 mL 
portion will contain 2% HNO3 and 5% HCl. Use 0.125 mLs HNO3  
and 0.3125 mLs HCl to each 50 mL vessel. 
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2. Solids 
 

a. A 1.0 ±0.02 gram aliquot of teflon chips is weighed and spiked 
using the same spiking solution used for matrix spikes. This sample is 
given a unique identifier according to the Lot# for the teflon chips 
used and when digested is given the descriptor. i.e. LCSS(date)A and 
then B etc. plus the unique identifier number assigned. Alternatively a 
solid matrix standard reference material is obtained from the 
manufacturer.  This sample is given a unique identifier and recorded in 
the sample digestion logbook. 

  
3. Oils 
 
a. An analyte free oil MUST be used or explosive reactions can 
occur.  An analyte free oil (wesson oil which has been analyzed 
previously to prove that it is < MDL.) is spiked using the same spiking 
solution used for matrix spikes.  This sample is given a unique 
identifier. i.e. LCSO(date)A and then B etc. 

 
B. Spiking solution 

 
1. Sample is spiked using 0.1 mL of CLP-CAL-1, Solution A, 0.1 mL 

of CLP-CAL-1 Solution B, 0.025 mL of CLP-CAL-2 and 0.025 
mL of CLP-CAL-3 for a final volume of 100 mL.  If only 50 mL is 
used, decrease amount used appropriately.  These solutions are 
given unique identifiers. Record the amount spiked and the unique 
identifier of the standard. 

 
2. CLP sample is spiked using 0.1 mL CLPP-SPK-1 and 0.1 mL 

CLPP-SPK-4 for a final volume of 100 mL. If only 50 mL is used, 
decrease amount used appropriately. These solutions are given 
unique identifiers. 

 
3. For samples that require four times concentration, the sample is 

spiked using 0.0125 mLs of CLPP-SPK-4 to each of two vessels 
with 50 mLs of sample in each.  The volume of each of the vessels 
is lowered to less then 10 mLs and  combined and the final volume 
of this concentrated sample is 25mLs.    

 
VIII. CALIBRATION 
 

A. The temperature of the samples must be maintained at 95°C and monitored 
via a temperature blank.  85° for oil samples.  Record in digestion logbook. 
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IX. PROCEDURE 

 
A. Glassware preparation for oil digestion or when the hot-block can not be used: 

 
1. Wash glassware with hot soapy water and rinse thoroughly.  (Beakers 

must be washed as soon as possible after being used, dirty beakers must 
not be allowed to sit overnight.) 

 
2. Rinse glassware with reagent water that contains 5% HNO3 and 5% HCl 

followed by a rinse with reagent water. 
 
3. Prior to use, all glassware must be confirmed clean via a glassware check.  

Otherwise, repeat step "2" until the glassware check passes. 
 
 
B. Aqueous sample filtration (for dissolved metals): 

 
1. Thoroughly clean a flask and funnel with hot soapy water.  Next, rinse the 

flask and funnel with 1:5 HNO3 followed by a thorough D.I. water 
rinsing.  This step is very important because the filters contain some 
metals (namely Zn) which could contaminate the samples. 

 
2. Rinse a 0.45 micron filter with 1:5 HNO3 thoroughly, followed by D.I. 

water. 
 

3. Filter the unpreserved sample.  If dissolved Hg analysis is requested for 
the sample, filter at least 200 mL. 

 
4. Discard the first 50 to 100 mL. 
 
5. A preparation blank must be taken through the filtration step and analyzed 

with the sample. 
 

6. Preserve the sample with HNO3 to pH<2. 
 
7. Soluble samples that are clean and clear do not have to be digested.  Use 

100 mL sample, add 5 mL of concentrated HCl and 2 mL of concentrated 
HNO3.  Samples must be digested unless approval for analysis without 
digestion is received from the project manager. 

 
C. Aqueous sample preparation 
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1. Method 3005A and USEPA CLP ILM0 4.1, "Acid digestion procedure 
for total recoverable or dissolved metals for analysis by ICP ".  

 
a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into a digestion vessel.  For samples which require concentration pour 
50 mLs of the well-mixed sample into two digestion vessels. 

 
b. Add 0.50 mL ( 1 mL of (1+1) when strict CLP ILM0 4.1 is required) 

concentrated HNO3 to the sample. For samples which require 
concentration, add 0.125 mL (0.25 mL of (1+1) when strict CLP ILM0 
4.1 is required) concentrated HNO3 to the sample. 

 
c. Add 2.5 mL ( 5 mL of 1+1) when strict CLP ILM0 4.1 is required) 

concentrated HCl to the sample.  For samples which require 
concentration, add 0.3125 mL (0.625 mL of (1+1) when strict CLP 
ILM0 4.1 is required) concentrated HCl to the sample. 

 
d. Cover the sample with a ribbed watch glass or equivalent source. 
 
e. Transfer the digestion vessel to a pre-heated hot plate or hot block  at 

90 to 95°C.  A temperature blank will assure correct temperature.  The 
temperature must be recorded in the digestion log book.  Take the 
volume down to between 5 to 10 mL, ( 12 to 25 mLs when strict CLP 
ILM0 4.1 is required) making certain that the sample does not boil.  
This is extremely important.  Boiling may lead to vaporization of 
certain analytes. Remove the sample from the hot plate and cool 

 
f. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration. 

 
g. Bring sample to its predigestion volume ( or when samples require 

concentration, to a volume four times lower then what was started 
with) with DI water in the digestion vessel.  The final volume must be 
recorded in the digestion log book. 

 
h. The sample is now ready for analysis. 
 
i. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards plus identification #'s for 
standards used for spiking and the volume spiked into the sample. 

 
2 Method 200.7, "Acid digestion procedure for total recoverable metals".  
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into the digestion vessel.  If sample contains undissolved solids >1% 
refer to Section 11.3 of Method 200.7 for subsequent procedures. 

 
b. Add 1.0 mL concentrated HNO3 to the sample. 
 
c. Add 2.50 mL concentrated HCl to the sample. 
 
d. Cover the sample with a ribbed watch glass or equivalent source. 
 
e. Transfer the digestion vessel to a pre-heated hot plate or equivalent 

source at 85°C.  Take the volume down to between 10 to 15 mL, 
making certain that the sample does not boil.  This is extremely 
important.  Boiling may lead to vaporization of certain analytes.  

 
f. Leave sample on hot plate and gently reflux for 30 minutes.  Remove 

from hot plate and cool. 
 

g. Bring sample to its predigestion volume with DI water in the digestion 
vessel. 

 
h. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
i. The sample is now ready for analysis. 
 
j. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for 

Total Metals for Analysis by ICP Spectroscopy".   
 

a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 
into the digestion vessel. 

 
b. Add 1.5 mL concentrated HNO3 to the sample. 
 
c. Cover the sample with a ribbed watch glass. 
 
d. Transfer the digestion vessel to a pre-heated hot plate or hot block at 

90 to 95°C.  A temperature blank must be used, with the temperature 
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being recorded in the log book.  Take the volume down to a low 
volume (~5 mL), making certain that the sample does not boil.  
This is extremely important.  Boiling may lead to vaporization of 
certain analytes.  Also make certain that no portion of the bottom 
of the digestion vessel is allowed to go dry.  This may lead to low 
recoveries.  Remove the sample from the hot plate and cool. 

 
e. Add another 1.5 mL portion of concentrated HNO3 to the sample. 
 
f. Cover the sample with a ribbed watch glass. 
 
g. Transfer the vessel to the hotblock or equivalent source.  Increase the 

temperature so a gentle reflux occurs.  Continue heating, adding 
additional acid as necessary, until the digestion is complete (generally 
indicated when the digestate is light in color or does not change in 
appearance with continued refluxing). 

 
h. Uncover the vessel and evaporate to a low volume (~3 mL) making 

certain that no portion of the bottom of the digestion vessel is 
allowed to go dry.  Remove and cool. 

 
i. Add 2.5 ml of 1:1 HCl (10 mL/100 mL of final solution). 
 
j. Cover the digestion vessel and reflux for an additional 15 minutes. 
 
k. Bring sample to its predigestion volume in digestion vessel. 
 
l. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
Note: When preparing USACE project samples, if any sample in a 

digestion batch requires filtration, all samples (including QC 
samples) must be treated in the same manner. 

 
m. The sample is now ready for analysis. 
 
n. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
4 Method 3030C (Standard Methods), "Preliminary treatment for Acid-

Extractable Metals" 
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 
into a 50 mL digestion vessel. 

 
b. Add 2.5 mL 1:1 HCl to the sample. 
 
c. Heat 15 minutes in a hot bath. 
 
d. Filter through a membrane filter. 

 
e. Adjust filtrate volume to 50 mL with DI water. 

 
f. Transfer to ICP analyst. 

 
 
D. Solid sample preparation 

 
It is extremely important that waste (when appropriate), soil and sediment 
samples be mixed thoroughly to ensure that the sample is as representative as 
possible of the sample media.  The most common method of mixing is referred 
to as quartering.  The quartering procedure should be performed as follows: 
 
• The material in the sample pan(inorganic-plastic/organic-aluminum)  

should be divided into quarters and each quarter should be mixed 
individually. 

• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

                  
                 This procedure should be repeated several times until the sample is adequately 

mixed. 
 
NOTE:  Samples that are clay type materials should be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to 
most anything that touches it, another approach must be followed.  Obtain 
a representative sub-sample aliquot from the center or middle section of 
the sample container. 

                 Grinding of Vegetation Samples 
 
                 Remove sample from shipping container and brush off dirt particles. Chop              

sample into about half inch pieces with clippers or other cutting tool. Place the 
sample in an aluminum pan and air-dry in an exhaust hood to the appropriate 
dryness for grinding. It should be dry enough where it won’t stick to the inside 
of the mill. Grind the dried sample to fineness in either the manual sample mill 
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or the Wiley mill or both if needed. Place the ground sample in a container and 
label immediately.  
 
1. USEPA CLP ILM0 4.1, "Acid digestion of Soil/Sediment" 

 
a. Mix the sample thoroughly to achieve homogenity.  For each digestion 

procedure, weigh (to the nearest 0.01 g) a 1.0 to 1.5 g portion of 
sample and transfer to a digestion vessel. 

 
 
b. Add 10 mL of 1:1 nitric acid (HNO3), mix the slurry, and cover with a 

watch glass or equivalent source.  Heat the sample to 92 to 95°C and 
reflux for 10 minutes without boiling.  Allow the sample to cool, add 
5.0 mL of concentrated HNO3, replace with watch glass or equivalent 
source, as appropriate, and reflux for 30 minutes.  Do not allow the 
volume to be reduced to less than 5 mL while maintaining a covering 
of solution over the bottom of the heating vessel. 

 
c. After the second reflux step has been completed and the sample has 

cooled, add 2 mL of Type II water and 3.0 mL of 30% hydrogen 
peroxide (H2O2).  Return the heating vessel to the hot plate or 
equivalent heating source for warming to start the peroxide reaction.  
Care must be taken to ensure that losses do not occur due to 
excessively vigorous effervescence.  Heat until effervescence subsides, 
and cool the heating vessel. 

 
d. Continue to add 30% H2O2 in 1 mL aliquots with warming until the 

effervescence is minimal or until the general sample appearance is 
unchanged.  (NOTE:  Do not add more than a total of 10 mL 30% 
H2O2.) 

 
e. If the sample is being prepared for ICP analysis of Al, As, Sb, Ba, Be, 

Ca, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, K, Se, Ag, Na, Tl, V, and Zn, 
add 5 mL of 1:1 HCl and 10 mL of Type II water, return the covered 
heating vessel to the hot plate or equivelent heating source, and heat 
for an additional 10 minutes.  After cooling, filter through Whatman 
No. 42 filter paper (or equivalent) and dilute to 50 mL with Type II 
water.  NOTE:  In place of filtering, the sample (after dilution and 
mixing) may be centrifuged or allowed to settle by gravity overnight to 
remove insoluble material.  Dilute the digestate to 144 mL with DI 
water, add 5 mLs concentrated HCl and 1 mL of  concentrated HNO3, 
mix well and place into the appropriate container.  The diluted sample 
has an approximate acid concentration of 2.5% (v/v) HCl and 5% (v/v) 
HNO3. The sample is now ready for analysis. 
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f. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards and  ID of matrix spikes 
and the amounts used for spiking. 

 
2. Method 3050B, “Acid digestion of Sediments, Sludges and Soils” 

 
a. Mix the sample thoroughly for 5 minutes using a plastic spatula or 

Teflon coated spatula in a glass or plastic weigh boat to achieve 
homogeneity. 

 
b. Weigh approximately (to the nearest 0.01 g) a 1 to 1.5 g portion of the 

sample directly into a digestion vessel.  For samples with low percent 
solids a larger sample size may be used as long as digestion is 
completed.  Record the exact mass in the digestion log. 

 
NOTE:  To achieve the lowest reporting limit possible,  use a 2.0 g 
portion of sample with an ending volume of 100 mLs.  
 

 
c. Add 5 mL D.I. water and 5 mL concentrated HNO3(1:1), mix the 

slurry and cover with a watch glass.  Place the sample in a preheated 
hot block and reflux at 95°C for 10 to 15 minutes being certain that the 
sample does not boil.  Record temperature in  digestion log book 

 
d. Allow the sample to cool.  Add 5 mL concentrated HNO3, replace the 

watch glass and heat/reflux again for 30 minutes.  If brown fumes are 
generated, indicating oxidation of the sample by HNO3, repeat this 
step (addition of 5 mL of concentrated HNO3) over and over until no 
brown fumes are given off by the sample indicating the complete 
reaction with HNO3.  Using a watch glass or equivalent allow the 
solution to evaporate to approximately 5 mL without boiling at 95°C + 
5°C for approximately two hours.  Maintain a covering of solution 
over the bottom of the vessel at all times. Do not allow the volume to 
be reduced to less than 5 mL while maintaining a covering of solution 
over the  bottom of the beaker.  If the volume does get low, add 2.5 
mL of D.I. water to bring volume back up. 

 
e. Take the sample off the hot block and allow it to cool.  Next, add 2 mL 

of D.I. water and 3 mL of 30% Hydrogen Peroxide.  (The sample will 
bubble upon the addition of H2O2 if it is still warm.)  Cover the vessel 
with a watch glass and return the sample to the hot block or equivalent 
source and heat until the bubbling subsides.  Care must be taken to 
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ensure that losses do not occur due to excessively vigorous 
effervescence.  Heat until effervescence subsides and cool the beaker.  
Add two more 3 mL portions of H2O2 to the sample in the same 
manner as before.  (NOTE:  Do not add more than a total of 10 mL 
30% H2O2.) 

 
f. Cover the sample with a ribbed watch glass and continue heating the 

acid-peroxide digestate at 95°C + 5°C without boiling for 
approximately two hours until the volume has been reduced to 
approximately 2.5 mL.  Maintain covering of solution over the bottom 
of the vessel at all times. 

 
g. Add 2.5 mL of DI water and 2.5 mL of concentrated HCl  and 10 mL 

of DI water, cover the sample with a ribbed watch glass and continue 
refluxing for an additional 10 minutes without boiling 

 
h. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
i. Bring sample up to 50 mL with D.I. water in the vessel. Add 150 ml of 

DI water to a 250 ml sample bottle. Invert the 50 ml sample digestion 
vessel several times to mix the sample and pour sample into the 150 
ml of the sample bottle. Pour some sample back into the 50 ml sample 
digestion vessel to rinse and pour back into the 250 ml sample bottle 
and cap and mix. 

 
NOTE1: When preparing USACE project samples, if any sample in 

a digestion batch requires filtration , all samples (including 
QC samples) must be treated in the same manner. 

 
NOTE2: To achieve the lowest reporting limit possible use 2.0 

grams of sample with an ending volume of 100 mLs. 
 

j. The sample is now ready for analysis. 
 
k. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 
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E. Oils 
 

1. Method 3031, "Digestion Procedure for Oils" 
 

NOTE: THIS METHOD IS VERY TIME CONSUMING-- 
DISCUSS SUB-CONTRACTING SAMPLES WITH 
YOUR SUPERVISOR AS SOON AS THEY COME IN 
THE DOOR. 

 
     a. Homogenize sample and Weigh approximately (to the nearest 0.01 g) 

a 0.5 g representative portion of the sample into a 250 mL beaker.  
Separate and weigh proportional aliquots of the phases if more than 
one phase is present.  Record the exact mass in the digestion log.  
Larger or smaller sample sizes can be used if needed. 
 

g. Add 0.5 g of potassium permanganate powder.  If larger sample sizes 
are used, increase the amount of potassium permanganate so that the 
ratio of oil to postassium permanganate is still  1:1.   Mix the oil and 
permanganate thoroughly until homogenous.  Thick oils and tars that 
cannot be mixed should be heated to achieve mixing (the oil may react 
mildly).  It is important to record the amount of potassium 
permanganate used for each sample if analysis is by ICP-AES and 
correction is to be made for the amount of manganese.  If more than 
10% of the sample is aromatic material, such as xylene, then the 
reaction will be incomplete.  If this is the case, increase the amount of 
potassium permanganate.  If the sample is a mixture of oil and other 
non-organic materials, reduce the amount of potassium permanganate. 

 
NOTE:  All steps requiring the use of acids should be conducted under 
a fume hood by properly trained personnel using appropriate 
laboratory safety equipment.  This should include face shields and 
latex gloves. 

 
h. Cautiously add 1.0 mL concentrated H2SO4, and stir with an 

appropriate stirring device. If larger sample sizes are used, increase the 
volume of the sulfuric acid so that the ratio of oil to sulfuric acid is 1 g 
to 2 mL.  The H2SO4 can be added dropwise or all at once, depending 
on analytical needs.  (Generally, dropwise is preferred when low 
reporting limits are needed.) 
 
NOTE:  To prevent a strong exothermic reaction, H2SO4 should be 
added dropwise to all samples unfamiliar to the analyst and to all 
samples that are known to be highly reactive. 
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The reaction can take several seconds to begin, but when it occurs it 
will be very quick, vigorous, and exothermic.   Generally larger 
sample sizes will react faster than smaller.  Likewise, lower average 
molecular weight materials will react faster than heavier.  Do not be 
mislead by an initial lack of reactivity.  A grey-white vapor will be 
ejected from the beaker (SO3) and splattering and bubbling can occur.  
The beaker will become very hot.  This step is complete when no more 
gases are given off  and the sample would be a thick black lumpy 
paste.  Allow the beaker to cool as needed. 
 
NOTE:   Care must be taken when working with very light organic 
materials, such as diesel fuels, as they may flash.  Generally, the lower 
the average molecular weight of the meterial correlates to a greater 
danger of flashing.  The danger of flashing is reduced by adding the 
sulfuric acid dropwise. 
 
NOTE:    If more than 10% of the sample is aromatic material, such as 
xylene, only a little grey-white vapor will form.  This will reduce 
accuracy and complicate nebulization.  If there is a signigicant amount 
of non-hydrocarbon material, a sputtering recation will occur and 
black MnO2 particulates will be given off.  See section (b.) above 
under procedure. 
  

 
i. Add 2 mL of concentrated HNO3 and stir.  This reaction will be 

slightly exothermic.  If larger sample sizes are used, it is not always 
necessary to increase the volume of HNO3  proportionately, depending 
on analytical needs.  Some reddish-brown vapor (NO2) may be given 
off.   Allow the reaction to continue until complete, that is when the 
digestate no longer gives off fumes.  Allow the beaker to cool as 
needed. 

 
j. Add 10 mL of concentrated HCl  and stir.  If larger sample sizes are 

used, it is not always necessary to increase the volume of HCl 
proportionately, depending on analytical needs.  This reaction will be 
slightly exothermic and gas formation and foaming will occur.  Lighter 
oils will foam more than will heavier oils.  If excess foaming occurs, 
add water to prevent sample loss.  Allow the beaker to cool as needed. 

 
k. Heat the beaker until there is no further gas evolution. (temperature 

should not exceed 150 °C to prevent volatilization).  There may be 
additional foaming or other milder reactions which may result in 
overflow from the beaker.  If excess foaming occurs, either remove the 
beaker from the heating source until foaming subsides or add 
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sufficient water to prevent overflow.  The final digestate should be a 
clear yellow liquid with black or dark reddish-brown particulates.  

 
l. Filter the digestate through Whatman 41 filter paper and collect filtrate 

in a volumetric flask or beaker. 
 

m. Wash the digestion beaker and filter paper, while still in the funnel, 
with no more than 5 mL of hot HCl. 

 
NOTE:  The purpose of this next step is to recover antimony, barium, 
and silver that may not have been completely solubilized.  If the 
sample is not being prepared for these analytes, the next step may be 
skipped.  
  

n. (Optional) After having washed the filter paper, remove the filter and 
residue from the funnel  and place it back in the beaker.  Add 5 mL of 
conc. HCl and place the beaker back on the heating source until the 
filter paper dissolves (temperature should not exceed 150 °C ±5 °C to 
prevent volatilization).  Remove the beaker from the heating source 
and wash the cover and sides with reagent grade water and then filter 
the residue and collect the filtrate in the same flask or beaker as in 
sections f. and g. above.  Allow the filtrate to cool and quantitatively 
transfer to a volumetric flask.  Bring to volume. 

 
o. (Optional) If the filtrate is collected in a beaker, the filtrate can be 

heated again to drive off excess HC1.  This can reduce matrix effects 
in sample introduction (temperature should not exceed 150 °C ± 5 °C 
to prevent volatilization).   When sufficient HCl has been removed, 
remove the beaker from the heating source, allow to cool, and then 
transfer the contents to a volumetric flask and bring to volume.  
However, if too much HCl is removed, barium, silver and antimony 
can be lost. 

 
p. Analyze the flitrate by  ICP-AES.  Depending on the final volume 

selected, the total solids in the digestate may be high enough to cause 
nebulization problems.  Problems due to high dissolved solids may be 
corrected by 1) following optional Section i.,  2) using internal 
standards, 3) using flow injection analysis, or 4) using other matrix 
correction procedures. 
 
Manganese Removal Steps     
 
NOTE:  The purpose of these next steps is to remove the manganese in 
the digest by precipitating  it as manganese ammonium phosphate 
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under alkaline conditions.  Elements that do not form insoluble 
phosphates, such as arsenic, are filtered out and can be analyzed at 
lower concentrations. 

 
q. Take the digestate, or portion of digestate and reduce the volume to 

remove as much HCl as possible without going below 10 mL.   Then 
add conc. NH4OH until pH is 7 or greater.  For most matrices, the 
digestate will change colors (often from yellow to brown) at pH 7.  A 
mild exothermic reaction will occur immediately. 

 
r. Add at least 2 g ammonium phosphate for each 1 g of potassium 

permanganate used in the digestion and stir.  An excess of phosphate is 
needed for good analyte recovery.  Then add enough water and mix to 
ensure maxium precipitation.  A pink or yellow silky amorphous 
precipitate, manganese ammounium phosphate, will form.  If too much 
NH4OH is used some of the manganese ammonium phosphate can be 
solubilized.  Stir until precipitation is complete.  Some ammonium 
phosphate may remain unreacted at the bottom of the beaker. 

 
s. Filter the digestate through Whatman 41 filter paper (or equivalent) 

and collect filtrate in a volumetric flask or beaker. 
 

t. Heat the filtrate to volatilize the ammonia (temperature should not 
exceed 150 °C ± 5 °C to prevent volatilization).  The volume of filtrate 
can be reduced by heating to no less thatn 10 mL.  If too much water is 
removed ay ammonium chloride formed will solidify.  If this occurs, 
either add enough water to dissolve the solids or filter out the solids 
and wash the residue with deionized water. The filtrate can be 
analyzed by ICP-AES. 

 
u. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
X. CALCULATIONS 
 

A. The analyst must be supplied with both beginning sample masses/volumes 
and final digestate volumes.  This information must be recorded in the 
digestion log. 

 
XI. QUALITY CONTROL 
 

A. Digestion 
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1. Temperature blank 
 

a. The temperature of the hot plate/hot block must be monitored for 
temperature during the digestion process. 

 
b. The thermometer must be tagged with annual calibration information.  

Record the thermometer reading, correction factor and the corrected 
temperature in the digestion log. 

 
2. Blanks 

 
a. Digest a blank with every batch of samples digested (20 sample 

maximum).  The blank is prepared by adding all the same reagents 
added to the samples to a clean dry beaker and taking it through the 
same process as the samples. NOTE:  The blank for OILs MUST 
include an analyte-free oil or explosive reactions can occur. 

 
b. Also, there must be a blank for every different method of digestion 

that is set up that day,  every 20 samples. 
 
c. There must also be a blank for every different matrix of samples that is 

to be digested, every 20 samples. 
 
d. Sample is given a unique identifier in the digestion log. 

 
3. Laboratory Control Samples 

 
a. For water samples, one LCS is digested with every batch of samples 

digested (20 sample maximum). 
 
b. For water samples, a LCS is digested every day for each type of 

digestion, every 20 samples. 
 
c. For soil/sediment samples, a soil matrix standard reference material 

(SRM ) must be digested per batch (20 samples maximum) or 
alternatively a spiked teflon chip sample. 

 
d.   Sample is given a unique identifier in the digestion log. 
 
e.  Recoveries of standard reference materials or laboratory control 

samples spiked with organo-metallic standards recoveries should be 
±25% of their true values for OILS. 
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4. Duplicates 
 

a. A duplicate is prepared every 20 samples.  This usually takes the form 
of a matrix spike duplicate. 
 
NOTE: Certain projects require a sample duplicate and a matrix 

spike duplicate with each set of twenty samples. 
 

5. Blank Spike 
 

a. This is required for certain projects. 
 

B. Sample Matrix 
 

NOTE: Field blanks/duplicates, trip blanks, or equipment blanks are not to 
be used for sample matrix QC samples. 

 
1. Matrix spike 

 
a. Digest a spike and spike duplicate every 20 samples where sample 

volume is adequate to do so.  Choose a sample (if possible) that has a 
lot of metals requested to be analyzed. 

 
NOTE: For some projects, a sample duplicate and sample spike may 

be required instead of a spike and spike duplicate.  Your 
supervisor should make you aware of these projects. 

 
b. The following metals do not get digested spikes when using CLP 

spike. 
 
Calcium 
Magnesium 
Sodium 

      Potassium 
 
v. For TCLP samples, a spike must be digested for every matrix.  You 

should inspect the sample (original sample prior to extraction) or 
check the log book to determine matrix type.  (Also the matrix spike 
aliquot must be added to the extract after filtration but before 
preservation.) 

 
d.  The CLH project requires that a high and a low spike be prepared 
and analyzed.  Spikes shoud be prepared at 40 mg/Kg and 400 mg/Kg 
for soil samples and 200 ug/L and 2000 ug/L for aqueous samples. 
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XII. CORRECTIVE ACTIONS 

 
A. Sample boils during digestion. 
 

1. Redigest another sample aliquot. 
 
B. Sample goes dry or portion of beaker bottom is exposed due to excess 

evaporation during digestion. 
 

1. Redigest another sample aliquot. 
2. Glass beaker dry for an extended period of time? Discard beaker. 

 
XIII. SPECIAL NOTES 
 

A. Never take for granted how a sample should be digested.  If the sample looks 
strange or unusual, or if you are not sure what metals the sample gets, what 
detection limits are required, whether the sample is total or dissolved, or even 
what method of digestion should be used, always ask your supervisor or the 
person who is to analyze the sample.  How metals need to be digested changes 
too often to take it for granted. 

 
B. Antimony (Sb) soils should be analyzed within 48 hours of digestion 

whenever possible.  When a soil requesting Antimony analysis is received, 
you must coordinate with the person who will be analyzing it to be sure that 
they can analyze it on the same day that it is digested. 

 
C. Labels for the digested sample must be written in a neat and legible manner.  

The labels must include such information as sample number, client name, the 
date digested, and the volume or mass digested. 

 
D. There are several precautions that must be taken to minimize the possibility of 

contamination. 
 

1. All metals glassware must be kept separate from all other laboratory 
glassware. 

 
2. Metals glassware must be washed as soon as possible after being used.  

Dirty metals beakers must not be left overnight.   
 
3. Acid to be used for metals digestions must be kept separate from all other 

laboratory acid. 
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E. Samples must be digested in a timely manner to ensure ICP analysis remains 
on schedule for data generation.  Samples received on or before Wednesday of 
week X must be prepared for ICP digestion by the end of week X.  Your 
supervisor must be consulted if this schedule can not be met at a particular 
time. 

 
             F.   Please consult Waste Disposal SOP-405, for information concerning disposal 

of waste generated from this area. Quantity of chemicals purchased 
should be based on expected usage during its shelf-life and the 
disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 

 
 

Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 
 
The following is a list of changes for sample preparation when the 5.2 statement of work 
is required: 
 
1. Soluble samples are required to be digested unless the chain of custody specifically 

states that digestion is not required.  An MDL study must be done on the unprepared 
MDL solution in order to provide MDL levels for samples that are not digested.  
When digestion is not required an LCSW and post digestion spike are not required. 

 
2. Digestates must be stored until 365 days after delivery of a complete, reconciled data 

package. 
 
3. Preparation codes are used on form 13's.  They are found in the 5.2 statement of work 

page B-39 3.4.12.2.4. 
 
 
 
 
DEFINITIONS – Refer to SOP-431 for common environmental laboratory definitions. 
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MERCURY ANALYSIS IN WATER BY MANUAL COLD VAPOR 
References: 

SW846 Method 7470A 
USEPA Method 245.1 
USEPA SOW ILM04.1 

See Addendum for SOW ILM05.2  
 
I. SCOPE AND APPLICATION 
 

A. This method is a cold-vapor atomic absorption procedure for determining the 
concentration of mercury in mobility-procedure extracts, aqueous wastes, and 
ground waters.  This method can also be used for sludge-type wastes.  All 
samples must be subjected to an appropriate dissolution procedure prior to 
analysis. 

 
B. In addition to inorganic forms of mercury, organic materials may also be 

present.  These organo-mercury compounds will not respond to the cold vapor 
atomic absorption technique unless they are first broken down and converted 
to mercuric ions.  Potassium permanganate oxidizes many of these 
compounds, but recent studies have shown that a number of organic 
mercurials, including phenol mercuric acetate and methyl mercuric chloride, 
are only partially oxidized by this reagent.  Potassium persulfate has been 
found to give approximately 100% recovery when used as the oxidant step 
following the addition of the permanganate has been included to insure that 
organo-mercury compounds, if present, will be oxidized to the mercuric ion 
before measurement.  A heat step is required for methyl mercuric chloride 
when present in or spiked to a natural system.  For distilled water the heat step 
is not necessary. 

 
C. The range of the method may be varied through instrument and/or recorder 

expansion.  Using a 30 mL sample, a detection limit of 0.2 µg Hg/L can be 
achieved. 

 
II. SUMMARY OF METHOD 
 
 A. The flameless AA procedure is a physical method based on the absorption of 

radiation at 253.7 nm by mercury vapor.  Organic mercury compounds are 
oxidized and the mercury is reduced to the elemental state and aerated from 
solution in a closed system.  The mercury vapor passes through a cell positioned 
in the light path of a flow injection Mercury system.  Absorbance (peak height) 
is measured as a function of mercury concentration and recorded in the usual 
manner. 
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III. SAMPLE HANDLING AND PRESERVATION 
 

A. Samples are preserved by acidification with nitric acid to a pH of 2 or lower 
immediately at the time of collection, and refrigeration to 4°C. 

 
B. The holding time for the mercury digestion is 28 days from time of sampling. 

 
IV. INTERFERENCES 
 

A. Possible interference from sulfide is eliminated by the addition of potassium 
permanganate.  Concentrations as high as 20 mg/L of sulfide as sodium 
sulfide do not interfere with the recovery of added inorganic mercury from 
distilled water. 

 
B. Copper has also been reported to interfere; however, copper concentrations as 

high as 10 mg/L had no effect on recovery of mercury from spiked samples. 
 
C. Sea waters, brines and industrial effluents high in chlorides require additional 

permanganate (as much as 6.25 mL in 30 mL of sample).  During the 
oxidation step, chlorides are converted to free chlorine which will also absorb 
radiation at 253 nm.  Care must be taken to assure that free chlorine is absent 
before the mercury is reduced and swept into the cell.   This is accomplished 
by using an excess of hydroxylamine sulfate reagent (6.25 mL to 30 mL of 
sample).  

 
D. Samples containing high concentrations of oxidizable organic materials, as 

evidenced by high chemical oxygen demand values, may not be completely 
oxidized of organic mercury will be low.  The problem can be eliminated by 
reducing the sample volume or by increasing the amount of potassium 
persulfate (and consequently stannous chloride) used in the digestion. 

 
V. Safety 
 

A. Normal accepted laboratory practices should be followed while performing 
this procedure. 

 
B. The toxicity and carcinogenicity of each reagent in this method have not been 

fully established.  Each chemical should be regarded as a potential health 
hazard and exposure to these compounds should be minimized by good 
laboratory practices.  Normal accepted laboratory practices should be 
followed during reagent preparation and instrument operation.  Always wear 
safety glasses or full-face shield for eye protection when working with these 
reagents.  Each laboratory is responsible for maintaining a current safety plan, 
a current awareness file of OSHA regulations regarding the safe handling of 
the chemicals specified in this method. 
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C. Mercury compounds are highly toxic if swallowed, inhaled, or absorbed 
through the skin.  The analyst should use chemical resistant gloves when 
handling concentrated mercury standards. 

 
D. The analyst should make sure that the system is vented to fresh permanganate 

in a bottle located at the back.  Otherwise Hg vapors could be vented to the 
room.   

 
VI. EQUIPMENT/APPARATUS 
 

A. Perken Elmer Flow injection Mercury system 
 
B. Mod Block Digester set to maintain  95+2°C for 2 hours. 
 
C. Polypropylene sample digestion vessels with snap or screw caps or 

equivalent. 
Five vessels of each  lot of digestion vessels must be taken through 
analysis to check for mercury. 

VII. REAGENTS AND STANDARD PREPARATION 
 

A. REAGENTS 
 
1. Concentrated sulfuric acid suitable for Hg determination. 
 
2.  Concentrated nitric acid suitable for Hg determination. 
 
3. Stannous chloride:  in a 1000 mL volumetric flask add approximately 

500 mL D.I. water, 30 mL concentrated HCl, add 11 grams stannous 
chloride crystals swirl to mix and dilute to 1000 mLs.  Prepare fresh daily. 

 
4. 3% HCl Carrier Solution:  Dilute 30 mL of concentrated metals grade HCl 

to one liter.  Prepare fresh daily.   
 
5. Sodium chloride-hydroxylamine chloride solution:  dissolve 120 grams of 

sodium chloride and 120 grams of hydroxylamine hydrochloride (very 
high grade --Do not get from Tennessee Reagents) in D.I. water and dilute 
to 1 liter.   Note:  this is normally made up 2 Liters at a time. 

 
 
5. Potassium permanganate:  5% solution, w/v:  dissolve 200 grams of 

potassium permanganate in 4000 mL of D.I. water.  Should have "suitable 
for mercury determination" written on the side of the potassium 
permanganate bottle.  This reagent takes overnight stirring ( minimum of 3 
hours if absolutely necessary ).  Use stirring bar already in the reagent 
bottle for this purpose.  It is very easy to contaminate with mercury. 
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6. Potassium persulfate:  5% solution, w/v:  dissolve 100 grams of potassium 
persulfate in 2000 mL D.I. water.  Slight heating with stirring may be 
necessary to completely dissolve.  The formation of crystals in this 
solution is not a problem. 

 
B. STANDARDS 

 
1. Traceability 

 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, and 
expiration date.  Reagents shall be labeled with date received and 
expiration date, if applicable.  All of the information described above 
shall also be recorded in a bound logbook.  Measurements made 
during standards preparation (e.g., from weighing operations, volume 
diluted to, etc.)  shall also be recorded.  There should be no container 
with sample, sample extract, standard solution, etc. that is not correctly 
labeled and properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
 

NOTE: All standard solutions should be prepared using class A 
volumetric flasks, class A volumetric pipettes ( or calibrated 
Eppendorfs ). All standards, blanks, and samples are taken 
through the digestion process. 

 
a. Stock mercury solution: (100 µg/mL).  Order from manufacturer 

already prepared.  This solution is given a unique identifier. 
 
b. Primary source and secondary source mercury standard solutions at 

200 ug/L:  dilute 2 mL of stock solution to 1000 mL in a 1000 mL 
volumetric flask, with 1.5 mL concentrated HNO3. 

 
c. Calibration standards 
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i. Prepared from the primary source working standard.  The 
preparation of the calibration standards, etc. is described 
below. 

 
a. Dilute the volumes below to 30 mLs in a 70 mL 

polypropylene vessel.  (Note:  The standards are diluted to 
10 mLs for the initial step of the digestion.  From that 
point when  25 mLs of DI water are added to samples, 15 
mLs of DI water is added to the standards. 

 
   ug/L Hg   mLs of 200 ug/L standard in 30 mLs 

0.20    0.03 
0.50    0.075 
1.0     0.15 
2.0     0.30 
4.0     0.60 
6.0     0.90 
10.0 1.5 
 

iii. Appropriate reagents are added as below in the sample preparation 
section. 

 
iv. Prepare one vessel for each. 
 
v. It is necessary to digest the calibration standards. 

 
e.  Calibration verification standards 
 

i. Initial calibration verification ( ICV ) solution – 4.0 ug/L 
 
a. Prepared by diluting 0.6 mL of the second source standard to 

30 mL with reagent water in a 70 mL polypropylene vessel. 
(TV = 4.0 ug/L) 

 
b. Appropriate reagents are added as below in the sample 

preparation section. 
 
c. It is necessary to digest the ICV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 
 

ii. Continuing calibration verification ( CCV ) solution 
 

a. Prepared from the primary  source  standard. 
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b. Prepared by diluting 0.3 mL of the primary standard at 200 
ug/L to 30 mLs with reagent water in a 70 mL polypropylene 
vessel for 2.0 ug/L or 0.6 ml to 30 mls for 4.0 ug/L. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. It is necessary to digest the CCV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 
 
 

f. Digestion standards 
 

i. Laboratory control sample 
 

a. Prepared from the secondary source standard. 
 
b. Prepared by diluting 0.3 mL of the second source standard to 30 

mL with reagent water in a 70 mL polypropylene vessel. 
 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. This solution should be given a unique identifier in the digestion 

log. 
 
 

ii.. Matrix Spikes 
 

a. Prepared from the secondary source working standard. 
 
b. Prepared by diluting 0.3 mL of the second source standard to 

30 mL with sample in a 70 mL polypropylene vessel.  Project 
specific or method specific requirements may over-ride the 
spiking level. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
 
VIII. CALIBRATION 
 

A. Set up the instrument with proper operating parameters. 
 

1. Perkin Elmer Flow Injection Mercury System (FIMS). 
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i. Replace any old tubing that is around the pump cylinder.  The 
sample transfer tubing connected to the seperator cover must not 
have any moisture in it. If it does replace it. (Perkin-Elmer tygon 
tubing, waste and carrier 1.52mm I.D., waste only 3.17mm 
I.D., stannous chloride 1.14mm I.D.) 

 
ii. Also replace the filter membrane with the rough side up.  (for 

instructions refer to page 1-22 in maintenance  manual.) 
 

iii. Turn on PE 100 spectrophotmeter;  (Note:  this must be on in order 
to start up the software on the computer.) 

 
iv. Turn on computer and go to icon “AA Win LAB Analyst”.  

 
v. Go to method; select “Hg CAL 2” then OK. 

 
vi. Wavelength = 253.7;  smoothing points =9; measurement = peak 

height; read time =18sec.; BCC time = 2 sec. 
 

vii. Go to “Sample Info” and enter the order of the samples and other 
information that may be needed. 

 
viii. Save entered sample list under “Save ….sample info file” Note: 

description and batch ID are normally the date of analysis. 
 

ix. Go to “auto”; then to set-up.  Select Browse in both spaces.  One is 
to bring up your saved “Sample Information” File.  The other is to 
select a results library.  Double click on heading and choose. 

 
x. Turn the printer on. 

 
xi. Connect all tubing to the pump and blocks. 

 
xii. Start the pump by going to “FIAS” and click the pump 1 Icon 

(120). 
 

xiii. The pump will start, then lock down and tighten the tubes onto the 
pump. 

 
xiv. Turn on the nitrogen tank, it should be above 500 psi on the guage.  

Replace the nitrogen tank when it is at 500 psi. 
 

xv. The pressure gauge on the PE100 should be just below 100. 
 

xvi. Use the tension adjuster to press down the tubing magazine to the 
pump head on the top and bottom.  Start the pump and then lock 
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them down.  This technique needs to be demonstrated so that a 
new user will be able to understand what is needed here and how 
to do it. 

 
xvii. Adjust the spring tension tubing until there is a constant “bubble of 

low rate” coming out to the waste tube. 
 

xviii. Place carrier tubes into carrier and stannous chloride tube into 
SnCl2.  (click valve fill inject and make sure flow is correct and 
the line is rinsed). 

 
xix. Make sure the permanganate waste bottle is bubbling in order to 

absorb any Hg vapors which could be vented into the room.   
 

xx. Allow a few minutes for reagents to flow through the system 
before starting analysis. 

 
xxi. Calibrate:  Go to “Auto” click on “Analyze”, click on “calibrate”. 

 
xxii. “Select Location” enter #’s to be ran,  and then press  “OK”.  

Samples are done in increments of 10 samples 
 

B. Analyze the calibration standards as below. 
 
1. New calibration points must be analyzed when the ICV analysis is not 

within ± 5%.  A curve must be analyzed daily for all projects especially 
USACE and CLP projects.   

 
2. The curve should be linear with a calculated intercept with a minimum 

correlation coefficient (r) of >0.995 ( USACE ) or 0.998 ( other ).  If not, a 
new curve must be analyzed. 

 
IX. PROCEDURE 
 

A. Glassware preparation 
 

1. After use, samples are nuetralized and disposed down an acid sink with 
running water and rinsed with tap water.  Or the sample may be discarded 
into the Mercury waste drum. 

 
2. Acid clean the glassware used for mercury prep as follows: 
 

a. Rinse with low Hg content 1:1 HCl. 
 
b. Rinse with D.I. water. 
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B. Label the vessels indicating  which sample will be in each.. 
 

C. Prepare calibration standards as detailed above.  Add all reagents to the 
standards which are added to the samples as outlined below.  Record the 
standard preparation in the digestion log. 
 

D. Sample preparation 
 

1. Transfer 30 mL, or an aliquot diluted to 30 mL of sample to the 30 mL 
mark on a 50 mL digestion vessel previously marked for this sample. 

 
NOTE: Normally, an automatic dilution of 10X to 100X is performed for 

all TCLP extracts.  All TCLP samples get one matrix spike unless 
several come in at one time from the same client with the same 
matrix.  Then one in ten of the same matrix get spiked. Check 
with your manager. 

 
2. Add 1.5 mL of concentrated sulfuric acid to each vessel and mix. 
 
3. Add 0.75 mL of concentrated nitric acid to each bottle and mix. 
 
4. Add 4.5 mL potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 
additional portions of potassium permanganate to the solution if 
necessary, until the purple color persists for at least 15 minutes (not more 
than 7.5 mL).  If the purple color does not persist after the addition of 
7.5 mL KMnO4 the sample must be diluted prior to digestion.  Inform 
your manager that the minimum detection limit cannot be reached for that 
particular matrix.  

 
NOTE: The same amount of KMnO4 added to the samples should be 

present in the standards and blanks. 
 
5. Add 2.4 mL of potassium persulfate to each vessel and mix.  Cover. 
 
6. Heat for 2 hours in the block digester at 95+2°C ( the block temperature 

must be monitored and documented.  Record observed temperature, 
correction factor, and the corrected temperature ), cool. 

 
6. Samples may be saved at this point if there is not time to run the whole set 

that day. 
 

NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added 
by the instrument during analysis. 

 
E. Sample analysis 
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1. Set up the instrument as described in the calibration section above.    
 
2. When ready to run samples, add 1.8  mL of sodium 

chloride-hydroxylamine chloride to reduce the excess permanganate.  
Sample analysis must be preceded by the analysis of an ICV with control 
limits of +10% for SW846-7470 and ±5 % for 245.1.  Followed by the 
ICB (< ±MDL for USACE or ±RL/CRDL for others and CLP). 

 
3. Each set of ten samples and at the end of the analytical run must be 

followed by a CCV with control limits of +20% for SW846-7470 and 
±10% for 245.1 

 
4. CCB must always follow the CCV.  Control limits are (<±MDL for 

USACE or ±RL/CRDL for others and CLP). CCB must be run at the 
beginning and end of a sequence and after every 10 samples. No analyte 
must be detected  >2xMDL for DOD QSM Ver. 3. 

 
5. The autosampler log is set up to analyze 106 samples at a time. 

 
Instrument Run Log example: 
 
AS LOC             Sample ID 

0 Wash 
1  0.0 
2  0.02 
3  0.05 
4  0.1 
5  0.2 
6  0.4 
7  0.6 
8  1.0 
9  ICV 
10  ICB 
11  LCSW 

                                    AS LOC     Sample ID 
12  PBW 
13 Sample 
14 Sample 
15 Sample 
16 Sample 
17 Sample 
18 Sample 
19 Sample 
20 Sample 
21 CCV 



                                             EMPIRICAL LABORATORIES, LLC SOP -103 
 Revision:  16 
 Date:  01/28/09 
 Page 12 of 20 
 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-103 Rev 16.doc 

22 CCB 
23 Sample 
24 Sample 
25 Sample 
26 Sample 
27 Sample 
28 Sample 
29 Sample 
30 Sample 
31 MS 
32 MSD 
33 FCV 
34 FCB 

 
F. Data reporting 
 

1. Reduce data to result which will be reported. 
 
2. Complete the data review checklist ( attached ).  Must be completed and 

attached to each set of USACE data. 
 
X. CALCULATIONS 
 

A. Apply a least squares fit to the calibration standards plotting µg Hg/L versus 
the absorbance. For the concentration of the standards, assume 30 mL of 
solution volume ( the 0.1 µg Hg standard will be input as 1.0 µg Hg/L )  
( 0.1µg Hg / 0.030 L solution ). 

 
B.  Input the sample absorbance into the mercury spreadsheet making sure that 

you are  using the correct spreadsheet for the matrix of the sample. 
 

C. Also make sure that the appropriate dilution factor is inputted in the correct 
space on the spreadsheet. 

 
D.  Report the data as µg Hg/L of sample. 

                         
 
 
 
 
XI. QUALITY CONTROL (Reference SW-846, 7470A Update III, USEPA CLP 

ILMO 4.1 or 245.1, Rev 3.0, 5/94 for further clarification) 
 

A. Daily 
 

1. The instrument must be calibrated daily for all projects.   



- 
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2. Begin each analysis with an ICV(QCS) second source.  The control limits 

are +10% and IPC(CCV) for 245.1, limits are + 5% and subsequent 
analyses are + 10%. 

 
3. Analyze ICB.  Control limits (<±MDL for USACE or ±RL/CRDL for 

others and CLP)., depending on method. No analyte detected >2xMDL 
for DOD QSM Ver. 3. 

 
4. If the ICV(QCS) is not in control a new curve must be analyzed prior to 

sample analysis.   
 

5. If the IPC(initial CCV) for 245.1 is not within the limits of ±5%, try 
preparing another undigested CCV and reanalyzing before recalibrating.  
If this fails then a recalibration is necessary. 

 
6. Follow each set of 10 samples with a CCV and also must end up with a 

CCV after the last sample.  The control limits are +20% for SW846-7470 
and ± 10% for 245.1. 

 
7. A CCB must always follow a CCV, the control limit is (<±MDL for 

USACE or ±RL/CRDL for others and CLP). CCB must be run at the 
beginning and end of a sequence and after every 10 samples. No analyte  
detected  >2xMDL for DOD QSM Ver. 3. 

 
B. Quarterly or as needed when doing straight CLP work. 
 

1.  IDL’s for CLP 4.1. 
 

C.   Digestion 
 

1. LCS data should be maintained and available for easy reference or 
inspection. 

 
2. Preparation blank (<1/2 ±RL or ±RL/CRDL for common contaminates 

(DOD) and ±RL/CRDL for others and CLP). 
 

a. Employ a minimum of one preparation blank per sample batch to 
determine if contamination or any memory effects are occurring.  The 
preparation blank is taken through the same digestion/preparation 
steps as the samples being tested.  The result for the preparation blank 
must be below the method detection limit.  If not, the analyst must use 
good judgment to evaluate the impact upon the associated samples.  
There is no impact if an associated sample is below the method 
detection limit nor if the level in the sample is greater than 10X the 
level found in the preparation blank.  If the level of mercury in a 
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sample is above the method detection limit but less than 10X the level 
found in the preparation blank, the sample must be redigested and 
reanalyzed or the data must be qualified on the final report.  The 
project manager or QA manager will make this determination. 

 
3. Laboratory control sample ( LCS ) 

 
a. Employ a minimum of one laboratory control sample ( LCS ) per 

sample batch to verify the digestion procedure.  The LCS is taken 
through the same digestion/preparation steps as the samples being 
tested.  The minimum control limits are +20% for SW846-7470 and 
±15% for 245.1.  If the LCS is not in control, the impact upon the 
client data should be evaluated and the associated sample(s) should be 
either redigested or the data should be qualified.  The project manager 
or QA Officer will make this determination. 

 
D.  Sample matrix 
 

1. Analyze one replicate sample for every twenty samples. A replicate sample 
is a sample brought through the whole sample preparation and analytical 
process in duplicate.  It is acceptable to substitute a matrix spike duplicate 
for the sample replicate.  CLP does not allow this.  Project specific 
requirements will take precedence in these situations. 
 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 
samples. A replicate sample is a sample brought through the whole sample 
preparation and analytical process in duplicate.  Project specific 
requirements will take precedence in these situations.  CLP requires 1 
duplicate and 1 spike per batch.  If the analyte level in the sample is not 
greater than four times the spiking level, the spike recoveries should be 
within +25% of the true value ( + 20% for DOD projects).  If not, check 
with supervisor to determine appropriate action.  The final analytical 
report must document this situation. 

 
NOTE: For TCLP extracts, a matrix spike must be performed for each 

different matrix.  The method of standard additions must be used 
if the sample spike recovery is not at least 50% and the 
concentration of Hg does not exceed the regulatory level and if 
the concentration of Hg measured in the extract is within 20% of 
the regulatory level.  

 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD shall be used for sample values greater than ten times 
the instrument detection limit.)  Supervisor must be notified if the control 
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limit is not met.  Supervisor will determine corrective action if required.  
The final analytical report must document this situation. 

 
4. For 245.1 analyze one serial dilution (1 to 5 dilution) for every 20 samples 

or per analytical batch, whichever is more frequent.  Percent recovery 
should be ±10%.  The concentration of the original sample should be a 
minimum of 50X the IDL in order to apply the recovery criterion; if not, 
the serial dilution approach is not used.  

 
5. When the sample matrix is so complex that viscosity, surface tension, and 

components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended.  Section 8.6 of SW846-7000A 
provides tests to evaluate the need for using the MSA. 

 
E.    Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
 
                                        TABLE I 
 

Aqueous Method Detection Limits(MDL), Empirical Laboratories’ Reporting 
Limits(ERL), CLP OLM04.1 & OLM05.2  

Contract Required  Quantitation Limits (CRQL) 
Mercury by EPA 245.1, 7470A,  

  SOW 4.1 & 5.2 
AQUEOUS 
MDL(ug/L) 

AQUEOUS 
ERL(ug/L)

AQUEOUS 
CRQL ILMO 

4.1 (ug/L) 

AQUEOUS 
CRQL ILMO 

5.2 (ug/L) 
Mercury 

 
0.08 0.20 0.2 0.2 

 
 
 
                                                  TABLE 2 

 
 
 

 
ANALYTE 

 
WAVELENGTH 

Mercury 253.7 
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XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
 

1. ICV(QCS for 245.1)- second source not within + 10%. 
a. If the problem is with the solution. 

i. Reprepare,  obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and recheck 
ICV. 

2. CCV not within + 20% for SW846 and ±10% for (245.1, + 5% for initial 
IPC and + 10% for subsequent IPCs) 
a. If the problem is with the solution. 

i. Reprepare, obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and 
reprepare/reanalyze the previous ten sample according the 
following guidelines. 
a. If the CCV was biased high, any of the previous ten samples 

which were below the detection limit do not require reanalysis. 
b. If the CCV was biased low, the previous ten samples must be 

reanalyzed. 
 
B. DIGESTION RELATED 
 

1. The preparation blank less than <1/2 RL or ±RL/CRDL for common 
contaminates (DOD) and ±RL/CRDL for others and CLP. 

 
a. If the problem is with the instrument or stannous chloride. 

i. Analyze a reagent blank to determine the stannous chloride and the 
instrument are behaving properly.  If this check has detectable 
mercury, reprepare the stannous chloride or determine if there are 
any problems with the instrument.  Contact supervisor 
immediately. 

 
b. If the problem is with the digestion. 

i. All associated samples which are below the RL, CRDL or have a 
level of mercury greater than 5X the level found in the preparation 
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blank can be reported.  If the level of mercury in an associated 
sample is not BMDL nor greater than 5X the level found in the 
preparation blank, the sample must be redigested/reanalyzed or 
reported as qualified.  The project manager or QA manager will 
make this determination. 

 
2. LCS not within control limits ( or +20%, + 15% for 245.1 ). 

a. If the problem is with the instrument. 
i. Reanalyze when instrument is in control if further sample bottles 

are available. 
b. Is the problem is with the digestion. 

i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
 
 
 
C. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% 
i. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25%( + 20% for DOD projects) 
i. If the analyte level in the sample is greater than 4X the spiking level, 

the %recovery can not be evaluated and no action is taken. 
ii. If the analyte level in the sample is not greater than 4X the spiking 

level, the associated sample data must be qualified on the final report.  
TCLP extracts must be evaluated as in section XI.D.2 above.  The 
associated sample data must be qualified on the final report. 
 

3.   When the sample matrix is so complex that viscosity, surface tension, and 
components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended.  Section 8.6 of SW846-7000A  
provides tests to evaluate the need for using the MSA. 

 
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
Please see Waste Disposal SOP-405, for instruction of proper disposal of waste 
generated from this area. 
Quantity of chemicals purchased should be based on expected usage during its 
shelf-life  and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 
 

XIV. REFERENCES 
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1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 

SW-846; Third Edition (Update III); Method 7470A 
 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; 

APX-B 
 

 
3. USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 

ILM05.2 
 

 
XV. DEFINITIONS 
 

1.  Refer to SOP-431 for common definitions. 
 
 
 

 
ADDENDUM FOR USEPA SOW ILM05.2 

 
 

1. The CCV concentration must be different from the ICV. 
 
2. The same CCV shall be used throughout analysis for an SDG. 
 
3. Calibration standards must be within 5% of the standard concentration. 
 
4. A CRA must be analyzed after the ICV/ICB  and after each batch of 20 samples, but 

before the final CCV/CCB.  The control limit is ±30%. 
 
5. Spike samples at 1 ug/L for water. 
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ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 7470A ( Mercury ) 

 
 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly interpreted. 
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15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

   
Comments on any "No" response: 

 
  Analyst:  Date:  

   
Second-Level Review:  Date:  
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MERCURY ANALYSIS IN SOIL/SEDIMENT BY  

MANUAL COLD VAPOR TECHNIQUE  
References: 

SW846 Method 7471A, 7471B 
USEPA Method 245.5, CLP SOW ILM04.1 

See Addendum for CLP SOW ILM05.2  
 
 
 
I. SCOPE AND APPLICATION: 
 
 A This procedure measures total mercury (organic and inorganic) in soils, 

sediments, bottom deposits and sludge type materials. 
 
 B. The range of the method is 0.2 to 2 µg/g.  The range may be extended above or 

below the normal range by increasing or decreasing sample size or through 
instrument and recorder control. 

 
 
II. SUMMARY OF METHOD: 
 
 A. A weighed portion of the sample is acid digested for 2 minutes at 95+2°C, 

followed by oxidation with potassium permanganate and with a secondary 
digestion at 95°C for 30 minutes.  Mercury in the digested sample is then 
measured by the conventional cold vapor technique. 

 
 
III. SAMPLE HANDLING AND PRESERVATION: 
 
 A. Because of the extreme sensitivity of the analytical procedure and the 

omnipresence of mercury, care must be taken to avoid extraneous 
contamination.  Sampling devices and sample containers should be ascertained 
to be free of mercury; the sample should not be exposed to any condition in the 
lab that may result in contact with solid, liquid or airborne mercury. 

 
 B. Refrigerate solid samples at 4°C (+2°C) upon receipt until digestion and            
               analysis. 
 C. The sample should be analyzed without drying. A separate percent solids 

determination is required 
 
 D. The holding time for digestion of mercury samples is 28 days. 
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IV. INTERFERENCES: 
 
 A. Potassium permanganate is added to eliminate possible interference from 

sulfide.  Concentrations as high as 20 mg/Kg of sulfide, as sodium sulfide, do 
not interfere with the recovery of added inorganic mercury in reagent water. 

 
 B. Copper has also been reported to interfere; however, copper concentrations as 

high as 10 mg/Kg had no effect on recovery of mercury from spiked samples. 
 

C. Samples high in chlorides require additional permanganate (as much as 
12.5 mLs) because, during the oxidation step, chlorides are converted to 
free chlorine, which also absorbs radiation of 253 nm.  Care must therefore 
be taken to ensure that free chlorine is absent before the mercury is 
reduced and swept into the cell.  

 
D. Certain volatile organic materials that absorb at this wavelength may also cause 

interference.  A preliminary run without reagents should determine if this type 
of interference is present. 

 
V. SAFETY 
 

A. Normal accepted laboratory practices should be followed while performing 
this procedure. 

 
B. The toxicity and carcinogenicity of each reagent used in this method has not 

been fully established.  Each chemical should be regarded as a potential health 
hazard and exposure to these compounds should be minimized by good 
laboratory practices.  Normal accepted laboratory safety practices should be 
followed during reagent preparation and instrument operation.  Always wear 
safety glasses or full-face shield for eye protection when working with these 
reagents.  Each laboratory is responsible for maintaining a current safety plan, 
a current awareness file of OSHA regulations regarding the safe handling of 
the chemicals specified in this method. 

 
C. Mercury compounds are highly toxic if swallowed, inhaled, or absorbed 

through the skin.  Analyses should be conducted in a laboratory exhaust hood.  
The analyst should use chemical resistant gloves when handling concentrated 
mercury standards. 

 
 



- 
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VI.  EQUIPMENT/APPARATUS: 
 

A. Perkin Elmer  Flow Injection Mercury System (FIMS)  
 
B.  Perkin Elmer AS 90 
 
C.  Mercury lamp  

 
D. Environmental Express Mod-Block digestion block capable of holding 

95+2°C for 2 hours 
 
E.  A scale or balance capable of weighing to 0.01 + 0.02 gram. 
 
F. Snap cap digestion polypropylene vessels for use with the mod block digester. 

Five vessels of each lot must be taken through analysis to check for 
mercury 

G. Polypropylene watch glasses suitable for use with the above vessels in F 
above. 

 
H. Manual Sample Mill 

 
I. Wiley Sample Mill 

 
J. Clippers for cutting vegetation 

 
VII. REAGENTS AND STANDARD PREPARATION: 
 

A. REAGENTS 
 

1. Reagent Water:  Reagent water will be interference free.  All references to 
water in this method refer to reagent water unless otherwise specified. 

 
2. Aqua Regia:  Prepare immediately before use by carefully adding three 

volumes of concentrated HCl to one volume of concentrated HNO3.  Both 
HNO3 and HCl must be of the reagent grade suitable for mercury 
determinations. 

 
NOTE: This reagent is required for use when USACE project samples 

are being digested. 
 

3. Concentrated HCl. 
 

4. Concentrated HNO3. 
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5. Stannous chloride in a one liter volumetric flask add ~500 mL D.I. H2O,         
30 mL concentrated HCl, and 11g stannous chloride crystals.  Swirl to mix 
and dilute to 1 L. 

 
6. Sodium chloride-hydroxylamine chloride solution:  Dissolve 120 g of 

sodium chloride and 120 g of hydroxylamine sulfate in reagent water and 
dilute to 1 L.  Note : this is normally made up 2 liters at a time. 

 
7. Potassium permanganate, mercury-free, 5% solution (w/v): Dissolve 200 g 

of potassium permanganate in 4 L of reagent water. 
 
8. 3 % HCl carrier solution:  30 mL HCl – 1 L DI H20;  Prepare fresh daily. 

 
9. Potassium persulfate 5% solution: Dissolve 100g in 2 liters of D.I. water. 

Used  with digestion of CLP soils. 
 

B. STANDARDS 
 

1. Traceability 
 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, 
expiration date. Reagents shall be labeled with date received and 
expiration date, if applicable.  All of the information described above 
shall also be recorded in a bound logbook.  Measurements made 
during standards preparation (e.g., from weighing operations, volume 
diluted to, etc.)  shall also be recorded.  There should be no container 
with sample, sample extract, standard solution, etc. that is not correctly 
labeled and properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
2. Preparation 
 

NOTE: All standard solutions should be prepared using class A 
volumetric flasks, class A volumetric pipettes ( or calibrated 
Eppendorfs ). All Standards, blanks, and samples are taken 
through the digestion process. 
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a. Stock mercury solution: (100 µg/mL).  Order from manufacturer 
already prepared.  This solution is given a unique identifier. 

 
b. Primary source and secondary source mercury standard solutions:  

dilute 2 mL of stock solution to 1000 mL in a 1000 mL volumetric 
flask, with 1.5 mL concentrated HNO3 (200 ug/L). 

 
c. Calibration standards 
 

i. Prepared from the primary source  standard.  The preparation of 
the calibration standards, etc. is described below. 
 
a. Dilute the volumes below to 5 mLs  in a 70 mL polypropylene 

vessel. (Note: The standards are diluted to 5 mLs for the initial 
step of the digestion.) 

 
ug/L Hg    mLs of 200 ug/L standard in 50 mL   
0.20      0.050  
0.50      0.125 

                                    1.0      0.25 
2.0      0.50 
4.0      1.0 
6.0      1.5 
10.0      2.5 

 
ii. Appropriate reagents are added as below in the sample preparation 

section. 
 
iii. Prepare one vessel of each. 

  
iv. It is necessary to digest the calibration standards when following            

all mercury methods. 
 

e. Calibration verification standards 
 

i. Initial calibration verification ( ICV ) solution – 4.0 ug/L 
 

a. Prepared from the secondary source mercury standard (200 
ug/L). 

 
b. Prepared by diluting 1.0 mL of the second source mercury 

standard to 5 mLs in a polypropylene digestion vessel. 
 
c. Appropriate reagents are added as below in the sample 

preparation section. 
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d. It is necessary to digest the ICV standards when using all 
mercury  methods for soil. 

 
ii. Continuing calibration verification (CCV) solution 

 
a. Prepared from the primary or secondary source mercury 

standard.  The concentration is alternated from 2.0 ug/L to 4.0 
ug/L every 20 samples. 

 
b. Prepared by diluting 0.50 for a 2.0 ug/L and 1.0 mL for a 4.0 

ug/L of the  secondary 200 ug/L standard to 5.0 mL with 
reagent water in a polypropylene digestion vessel. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. It is necessary to digest the CCV standards when following all 

mercury methods for soil. 
 

f. Digestion standards 
 

1. Laboratory control sample 
 

a. The Laboratory Control Sample (LCS) is prepared from the 
secondary source mercury standard (200 ug/L) and added to ~  
0.3 grams of teflon chips. 

 
b. Prepared by diluting 0.50 mL of the secondary mercury 

standard (200 ug/L) to 5 mLs in a polypropylene digestion 
vessel with 0.30 grams of teflon chips. 

  
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. This solution  is given a unique identifier in the digestion log. 
 

       2.  Matrix Spikes 
 

a. Prepared from the primary or secondary source mercury 
standard  (200 ug/L). 

 
b. Prepared by adding 0.50 mL of the mercury standard (200 

ug/L) to the sample in a polypropylene digestion vessel.  
Project specific requirements may over-ride the spiking level. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
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VIII. CALIBRATION: 
 

A. Set up the instrument with proper operating parameters. 
 

1. Perkin Elmer Flow Injection Mercury System (FIMS) 
   

a. Prepare the instrument for calibration by the following steps: 
i. Replace any old tubing that is around the pump cylinder.  The 

sample transfer tubing connected to the seperator cover must 
not have any moisture in it.  If it does replace it. (Perkin-
Elmer tygon tubing, waste and carrier 1.52mm I.D.,waste 
only 3.17mm I.D., stannous chloride 1.14mm I.D.) 

ii. Also replace the filter membrane with the rough side up. (for 
instructions refer to page 1-22 in maintenance  manual.) 

iii. Turn on PE 100 spectrophotometer; (Note:  this must be on in 
order to start up the software on the computer.) 

iv. Turn on computer and go to icon “AA Win LAB Analyst” 
v. Go to method; select “Hg CAL 2” then OK. 
vi. Wavelength = 253.7; smoothing points =9; measurement = 

peak height; read time = 18 sec.; BCC time = 2 sec. 
vii. Go to “Sample Info” and enter the order of the samples and 

other information that may be needed.   
viii. Save entered sample list under “Save  …sample info file” 

Note: description and batch ID are normally the date of 
analysis. 

ix. Go to “auto”; then to set-up. Select Browse in both spaces.  
One is to bring up your saved “Sample Information.” File.  The 
other is to select a results library. Double click on heading and 
choose.   

x. Turn the printer on. 
xi. Connect all tubing to the pump and blocks.  
xii. Start the pump by going to “FIAS” and click the pump 1 Icon 

(120). 
xiii. The pump witll start, then lock down and tighten the tubes onto 

the pump. 
xiv. Turn on the nitrogen tank, it should be >500 psi on the guage.  

Replace the nitrogen tank when it is at 500 psi. 
xv. The pressure gauge on the PE100 should be just below 100. 
xvi. Use the tension adjuster to press down the tubing magazine to 

the pump head on the top and bottom.  Start the pump and then 
lock them down.  This technique needs to be demonstrated so 
that a new user will be able to understand what is needed here 
and how to do it. 

xvii. Adjust the spring tension tubing until there is a constant 
“bubble of low rate” coming out to the waste tube. 
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xviii. Place carrier tubes into carrier and stannous chloride tube into 
SnCl2. ( click valve fill inject and make sure flow is correct 
and the line is rinsed) 

xix. Make sure the permanganate waste bottle is bubbling in order 
to absorb any Hg vapors which could be vented into the  room. 

xx. Allow a few minutes for reagents to flow through the system 
before starting analysis. 

xxi. Calibrate:  Go to “Auto” click on “Analyze”, click on 
“calibrate”. 

xxii. “Select location” enter the #’s of the samples to be analyzed, 
then “OK”. 

 
B. Analyze the calibration standards as below. 

 
1.  A curve must be analyzed daily for all projects.  A new curve must be 

analyzed when the ICV analysis is not within ±10% for SW846 7471A 
and 245.5 methods, or ±20% for 7471B. 

 
2. The curve should be linear with a calculated intercept with a minimum 

correlation coefficient(r) of >0.995 (USACE ) or 0.998 ( other ).  If not, a 
new curve must be analyzed. 

 
3. CLP requires a blank + 5 calibration standards (0, .02, .05, .1, .5 and 

1.0 µg).  (One standard must be at CRDL or IDL whichever is 
greater.) 

 
IX. PROCEDURE: 
 

A. Prepare calibration standards as detailed above.  Add all reagents to the 
standards which are added to the samples as outlined below.  Record the 
standard preparation in the standard log. 
 

B. Sample preparation           
 

It is extremely important that waste (when appropriate), soil and sediment 
samples be mixed thoroughly to ensure that the sample is as representative as 
possible of the sample media.  The most common method of mixing is 
referred to as quartering.  The quartering procedure should be performed as 
follows: 
• The material in the sample pan(inorganic-plastic/organic-aluminum)  

should be divided into quarters and each quarter should be mixed 
individually. 

• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

                  
                 This procedure should be repeated several times until the sample is adequately 

mixed. 



- 
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NOTE:  Samples that are clay type materials must be handled in a different 
manner.  Due to these type sample matrices having an affinity to stick to 
most anything that touches it, another approach must be followed.  Obtain a 
representative sub-sample aliquot from the center or middle section of the 
sample container. 
 

             Grinding of Vegetation Samples 
 
            Remove sample from shipping container and brush off dirt particles. Chop sample 

into about half inch pieces with clippers or other cutting tool. Place the sample in 
an aluminum pan and air-dry in an exhaust hood to the appropriate dryness for 
grinding. It should be dry enough where it won’t stick to the inside of the mill. 
Grind the dried sample to fineness in either the manual sample mill or the Wiley 
mill or both if needed. Place the ground sample in a container and label 
immediately.  
 

1. Transfer 0.30 g  ( for USACE work use anywhere from 0.20 to 1.0 g and 
record the weight in the digestion log)  of sample to a polypropylene 
digestion vessel previously marked for this sample.  Record the exact 
sample mass on the bottle and in the digestion log.  (Note:  the balance 
must be calibrated for the specific task.  Calibrate by weighing a 0.5 and a 
0.1g weight on the balance along with a digestion vessel.  Record in 
specific balance calibration log.) 

 
2. Add 2.5 mL of reagent water, and 2.5 mL of aqua regia and mix for 

samples.  Add 2.5 mL of aqua regia to standards and mix. 
 
3. Cover samples and standards with watch glasses and heat for 2 minutes in 

the hot block at 95+2°C (The hot block temperature must be monitored 
and documented.  Record observed temperature, correction factor, and the 
corrected temperature ). 

 
4.  Cool, bring to 30 ml with D.I. water 

 
5. Add 7.5 mL potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 
additional portions of potassium permanganate to the solution if 
necessary, until the purple color persists for at least 15 minutes (not more 
than 12.5 mL).  
NOTE: The same amount of KMnO4 added to the samples should be 
present in the standards and blanks.  
 

6. Heat for 30 minutes on the hot block at 95+2°C ( The temperature must be 
monitored and documented.  Record observed temperature, correction 



- 
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factor, and the corrected temperature ), cool.  Samples may be saved at 
this point if there is not time to run the whole set that day.  

 
 

7. Add 3 mLs of sodium chloride-hydroxylamine chloride solution to each 
vessel. 

 
8. Bring to 50 ml with D.I. water both standards and samples. Cap mix and 

vent to decolor and release Cl gas. The samples are now ready for 
analysis. 

 
NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added 
by the instrument during analysis. 

 
  

C. Sample analysis 
 

1. Set up the instrument as described in the calibration section above. 

2. When ready to run samples, transfer samples and standards to autosampler 
tubes and load the auto sampler according to the sample information sheet 
set up previously.  If chlorides are suspected, purge the head space in the 
polyethylene tube for at least 1 minute to get rid of any chlorine gas 
collected there.  After a delay of at least 30 seconds the sample is ready 
for step "3".  NOTE:  When aqua-regia is added assume that all samples 
and standards have chlorine and treat accordingly.  Purging the samples of 
chlorine is accomplished by putting a pasteur pipette on the end of some 
air tubing hooked to a fish pump.  The pasteur pipette is then placed at an 
angle into the top of the polyethylene vessel without breaking the surface 
of the sample.   It takes about one minute to purge the air above the 
sample of chlorine. 

3. Analysis must be preceded by the analysis of an ICV (concentration at or 
near mid range) with control limits of +10% for SW846-7471A or ±20% 
for 7471B and  ±5% for 245.5 methods. 

 
4. The ICB must follow the calibration standards (<±MDL (USACE) or 

±RL/CRDL for other or CLP), but not before the ICV. No analyte must 
be detected > 2xMDL for DOD QSM Ver. 3. 

 
5. Each set of ten samples must be followed by a CCV with control limits of 

+20% for SW846-7471A and B and ±10% for 245.5 method.  The run 
must also end with a CCV, then CCB. 

 
6. Analyze CCB after calibration and each CCV.  The CCB frequency is 

10% or every 2 hours whichever is more frequent.  (control limit is < 
±MDL or ±RL/CRDL for other or CLP). For DOD QSM Ver.3 CCB at 
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beginning and end of sequence and after every 10 samples. No analyte 
detected > 2xMDL. 

 
7. Instrument Run Log example: 

 
AS LOC             Sample ID 

0 Wash 
1  0.0 
2  0.O2 
3  0.05 
4  0.1 

                                  AS LOC     Sample ID 
5  0.2 
6  0.4 
7  0.6 
8  1.0 
9  ICV 
10  ICB 
11  LCSW 
12  PBW 
13 Sample 
14 Sample 
15 Sample 
16 Sample 
17 Sample 
18 Sample 
19 Sample 
20 Sample 
21 CCV 
22 CCB 
23 Sample 
24 Sample 
25 Sample 
26 Sample 
27 Sample 
28 Sample 
29 Sample 
30 Sample 
31 MS 
32 MSD 
33 FCV 
34 FCB 

 
 
8. Sample analysis: 
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 i. Go to “Analyze”, “select location” and type in the range of 
numbers needed to complete analysis. (ie. 9-54).  Press enter and the 
autosampler will proceed to enter the selected range.  NOTE:  Check 
standards are loaded as part of the tray. 

 
ii. Make sure that the sample wash beaker is filled with 3% HCl.  
 
iii. Dilute and reanalyze samples that are more concentrated than 

within 10% of the high standard.   Soil sample dilutions are 
made from the digested aliquot.  Sample concentration results 
that are below the calibration curve but above the MDL are 
reported flagged as estimated, (“B” flag).  

       
D. Data reporting 
 

1. Reduce data to result which will be reported using the soil spreadsheet 
found on the network.. 

 
2. Complete the data review checklist ( attached ).  Must be completed and 

attached to each set of USACE data. 
 
X. CALCULATIONS: 
 

A. Pull up the blank spreadsheet at  K:\wcm\tests\mercury and fill in all the 
information pertinent to the current analysis.  Save as the date of analysis.  
This information can be obtained from your mercury digestion log. 

  
B. Input the sample absorbance into the excel spreadsheet in the appropriate cell.   

The spreadsheet uses the current calibration to calculate the Hg results. 
 
C. Make sure that the appropriate dilution factors are entered into the spreadsheet 

in the correct cells. 
 
D. The spreadsheet should divide the result which is the µg Hg obtained from the 

sample mass by the sample mass in grams.  This will yield a result of µg Hg/g 
sample on a wet weight basis.  Calculations in the spreadsheet should be 
checked occassionally to make sure that they are working correctly. 

 
E. If available, divide the result by the %solids to obtain the result on a dry 

weight basis. 
 
F.  Report the data as µg Hg/g of sample (mg/kg wet or  mg/kg dry when % solids 

are available). 
 
XI. QUALITY CONTROL (Reference SW-846, 7471A Update III, 7471B 

Revision 2 February 2007, USEPA CLP ILMO 4.1 or EPA 245.5 for further 
clarification) 



- 
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A. Daily 
 

1. The instrument must be calibrated daily for all projects. 
 
2. Begin each analysis with an ICV.  The control limits are +10% for 7471A 

and 245.5,  ±20% for 7471B. 
 
3. Analyze ICB.  Control limit is  <± MDL or ±RL/CRDL for other or CLP. 
       For DOD QSM Ver. 3, no analyte detected > 2x MDL. 
 
4. If the ICV is not in control a new curve must be analyzed prior to sample 

analysis. 
 

5. Follow each set of 10 samples with a CCV and also must end up with 
CCV after last sample.  The control limits are +20% for SW846-7471A, 
SW846 7471B and for 245.5.  If an exceedance occurs, analyze another 
CCV, if the second CCV  fails, then a new calibration curve should be 
generated and all affected samples should be reanalyzed. 

 
6.   Follow each CCV with a CCB.  Control limit is < ±MDL  or  ±RL/CRDL    

for others or CLP. For DOD QSM Ver. 3, no analyte detected > 2x 
MDL. 

 
B. Quarterly 

 
1. IDLs for CLP  (Follow SOP - 414). 
 

C. Annually 
 
1.   MDLs  must be analyzed for all matrixes (Follow SOP - 414). 

 
D. Digestion 
 

1. LCS data should be maintained and available for easy reference or 
inspection. 

 
2. Preparation blank (< ±½ RL or ±RL for common contaminates or 

±RL/CRDL for  others or CLP) 
 

a. Employ a minimum of one preparation blank per sample batch to 
determine if contamination or any memory effects are occurring.  The 
preparation blank is taken through the same digestion/preparation 
steps as the samples being tested.  The result for the preparation blank 
must be < ± ½  RL  for USACE or ±RL/CRDL for  others or CLP.  If 
not, the analyst must use good judgment to evaluate the impact upon 
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the associated samples.  There is no impact if an associated sample is 
below the method detection limit or if the level in the sample is greater 
than 10X the level found in the preparation blank.  If the level of 
mercury in a sample is above the method detection limit, but less than 
10X the level found in the preparation blank, the sample must be 
redigested and reanalyzed or the data must be qualified on the final 
report.  The project manager or QA officer  will make this 
determination. 

 
3. Laboratory control sample ( LCS ). 

 
a. Employ a minimum of one LCS per sample batch to verify the 

digestion procedure..  The LCS is taken through the same 
digestion/preparation steps as the samples being tested.  The minimum 
control limits are +20% for SW846-7471A, 7471B and 245.5 solid 
samples.  An  LCS will accompany each batch of soil samples.  If the 
LCS is not in control, the Inorganic Manager and QA Officer must be 
notified immediately.  Several possibilities  exist at this point and a 
thorough investigation and data evaluation is essential.  The first 
question is to evaluate the impact upon the data.  All samples may 
need to be retested or flagged with the appropriate qualifier.  The next 
question is to find out why it occurred and to proceed with a corrective 
action plan to  prevent reoccurrence.  This corrective action is 
documented in a CAR. 

 
E. Sample matrix 
 

1. Analyze one replicate sample for every twenty samples or per analytical 
batch, whichever is more frequent.  A replicate sample is a sample brought 
through the whole sample preparation and analytical process in duplicate.  
It is acceptable to substitute a matrix spike duplicate for the sample 
replicate.  Project specific requirements will take precedence in these 
situations. 
 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 
samples or per analytical batch, whichever is more frequent.  A replicate 
sample is a sample brought through the whole sample preparation and 
analytical process in duplicate.  Project specific requirements will take 
precedence in these situations.  CLP requires 1 duplicate and 1 spike per 
batch.  If the analyte level in the sample is not greater than four times the 
spiking level, the spike recoveries should be within +25% for 7471A and 
±20% for 7471B of the true value( +20% for DOD projects).  If results 
do not fall within the control limit-redigestion/reanalysis may be required.  
If reanalysis is not required, the associated batch of samples will be 
flagged accordingly.  Discuss the situation with your supervisor.  A 
Corrective Action Report (CAR) must be filled out and attached to the 
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data as well as emailed or sent to the supervisor when the control limits 
are exceeded. 

 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD (non-aqueous samples may routinely exceed this 
amount) shall be used for sample values greater than ten times the 
instrument detection limit.)  Supervisor must be notified if the control 
limit is not met.  Supervisor will determine corrective action if required.  
The final analytical report must document this situation.  A Corrective 
Action Report (CAR) must be filled out and attached to the data as well as 
emailed or sent to the supervisor when the control limits are exceeded. 

 
4. For 245.5 analyze one serial dilution (1 to 5 dilution) for every 20 samples 

or per analytical batch, whichever is more frequent.  Percent recovery 
should be 10%.  The concentration of the original sample should be a 
minimum of 50X the IDL in order to apply the recovery criterion; if not, 
the serial dilution approach is not used.   

 
 

5. When the sample matrix is so complex that viscosity, surface tension, and 
components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended. Section 8.6 of SW846-7000A 
provides tests to evaluate the need for using the MSA. 

 
 

F.  Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit 
(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
TABLE I 

 
Solid/Soil Method Detection Limits(MDL), Empirical Laboratories’ Reporting 

Limits(ERL), 
CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 

Mercury by EPA 
245.1, 245.5, 7471A,  

  SOW 4.1 & 5.2 

SOLID/SOIL 
MDL 

(mg/Kg) 

SOLID/SOIL 
ERL 

(mg/Kg) 

SOLID/SOIL 
CRQL ILMO 

4.1  
(mg/Kg) 

SOLID/SOIL 
CRQL ILMO  

5.2  
(mg/Kg) 

Mercury 
 

0.0157 0.033 0.1 0.1 

 
 
                                                          TABLE 2 
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ANALYTE 

 
WAVELENGTH 

Mercury 253.7 
 
XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
1. ICV not within + 10% (SW846) and (245.5)  

a. If the problem is with the solution. 
i. Reprepare,  obtain new stock if necessary. 

b. If the problem is with the calibration. 
i. Recalibrate thru analysis of appropriate standards and recheck 

ICV. 
 

2. CCV not within + 20% (SW846) and (245.5) 
a. If the problem is with the solution. 

i. Reprepare, obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate thru analysis of appropriate standards and 
reprepare/reanalyze the previous ten sample according the 
following guidelines. 
a. If the CCV was biased high, any of the previous ten samples 

which were below the minimum detection limit do not require 
reanalysis. 

b. If the CCV was biased low, the previous ten samples must be 
reanalysed. 

 
B. DIGESTION RELATED 

1. The preparation blank less than ± ½ RL for DOD or ±RL/CRDL for  
others or CLP. 
a. If the problem is with the instrument or stannous chloride. 

i. Analyze a reagent blank to determine the stannous chloride and the 
instrument are behaving properly.  If this check has detectable 
mercury, reprepare the stannous chloride or determine if there are 
any problems with the instrument. 

ii. If the problem was with the instrument or the stannous chloride 
and the situation is corrected continue analysis with a second 
aliquot of the preparation blank. 

b. If the problem is with the digestion. 
i. All associated samples which are below the method detection limit 

(MDL) or have a level of mercury greater than 10X the level found 
in the preparation blank can be reported.  If the level of mercury in 
an associated sample is not <MDL nor greater than 10X the level 
found in the preparation blank, the sample must be 
redigested/reanalyzed or reported as qualified.  The project 
manager or QA manager will make this determination. 
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2. LCS not within control limits. 
a. If the problem is with the instrument. 

i. Reanalyze when instrument is in control with another aliquot of 
the sample. 

b. If the problem is with the digestion. 
i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
C. SAMPLE MATRIX RELATED 

1. Replicate analysis RPD not within +20% 
i. The associated sample data must be qualified on the final report. 

2. Spike analysis recovery not within +25% 7471A and ±20% 7471B ( 
+20% for DOD projects) 
i. If the analyte level in the sample is greater than 4X the spiking level, 

the %recovery can not be evaluated and no action is taken. 
ii. If the analyte level in the sample is not greater than 4X the spiking 

level, the associated sample data must be qualified on the final report.  
A corrective action report must accompany the data and be emailed or 
given to the superviser. 

  
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
       Please see Waste Disposal SOP-405,  for instruction of proper disposal of    

waste generated from this area. 
        Quantity of chemicals purchased should be based on expected usage 

during its shelf-life  and the disposal cost of unused material. Actual 
reagent preparation volumes should reflect anticipated usage and 
reagent stability. 

 
 
 
 
XIV. REFERENCES 
 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
SW-846; Third Edition (Update III/IV); Method 7471A, 7471B 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; 

APX-B 
 

 
 3.  USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 
ILM05.2 

 
XV. DEFINITIONS 
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1.    Refer to SOP-431 for common definitions. 

 
 
 
 

Addendum for USEPA CLP ILM 05.2 
 
1. CCV concentration must be different from ICV. 
 
2. The same CCV shall be used throughout analysis for a sample delivery 

group. 
 
3. Calibration standards must be within 5% of the standard concentration. 
 
4. 0.2 grams of sample must be used for the sample aliquot, add enough 

reagent water to each sample to  make a total volume of 10 mL.  Proceed 
with method as in the water method SOP 103.0 Revision 9. 

 
5. The ICV and CCV must be at ±20% recovery. 
 
6. A CRA must be analyzed at the beginning and end of each batch of 20 

samples.  Right after the ICV/ICB and right before the final CCV/CCB.   
The control limit is ±30%. 

 
7. The matrix spike must be analyzed at the concentration of 0.5 mg/Kg. 
 
 
 
 
 
 
 
 

ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 7471A (Mercury) 
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QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you  apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

 
 

 
 

 
 

 
 

 
15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

 
 
 

 
 
 

 
 
 

 
 
 

 



                                           EMPIRICAL LABORATORIES, LLC SOP-104 
 Revision: 17 
 Date:  01/29/09 
 Page 21 of 21 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-104 Rev 17.doc 

ANALYST DATA REVIEW CHECKLIST 
7471A (Mercury) 

 
 

Comments on any "No" response: 

 
  Analyst:  Date:  

   
Second-Level Review:  Date:  
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ICP METHOD 
SOP 

References:  SW-846, Method 6010B, December 1996; SW-846, Method 6010C, 
Revision 3 February 2007; USEPA, Method 200.7, June 1991; Standard Methods 

19th Edition 2340B; 1995 USEPA CLP, ILM 04.1.  See Addendum for USEPA 
CLPILM 05.2 

 
I. SCOPE AND APPLICATION 
 

A. Inductively Coupled Argon Plasma (ICAP) determines trace elements in 
solution.  We use the ICP to determine the concentration of the following 
metals: Ag, Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, 
Ni, Pb, Sb, Se, Sn, Sr, Ti, Tl, V and Zn.  All matrices, including ground 
water, aqueous samples, TCLP, SPLP and EP extracts, industrial and organic 
wastes, soils, sludges, sediments, and other solid wastes, require digestion 
prior to analysis. 

 
B. Detection limits, sensitivity, and optimum ranges of the metals may be 

found in the ICP method file.  Use of this method is restricted to 
spectroscopists who are knowledgeable in the correction of spectral, chemical, 
and physical interferences. 

 
II. SUMMARY OF METHOD 
 

A. Prior to analysis, samples must be solubilized or digested using appropriate 
Sample Preparation Methods (e.g., Methods 3005-3050 and SOW ILM 
04.1/05.2).  When analyzing for dissolved constituents, acid digestion is not 
always necessary if the samples are filtered and acid preserved prior to 
analysis.  If particulates form after filtration and preservation the sample must 
be digested prior to analysis. 

 
NOTE:  When selenium is required soluble samples must always be digested.   

 
B. This method describes the simultaneous multi-elemental determination of 

elements by ICP.  The method measures element-emitted light by optical 
spectrometry.  Samples are nebulized and the large droplets are removed by a 
spray chamber and the small droplets then pass through to the plasma.   The 
solvent is evaporated.  The residual sample decomposed to atoms and ions 
that become excited and emit characteristic light which is measured, giving a 
measurement of the concentration of each element type in the the original 
sample.  Background correction is required for trace element determination.  
Background must be measured adjacent to analyte lines on samples during 
analysis.  The position selected for the background-intensity measurement, on 
either or both sides of the analytical line, will be determined by the 
complexity of the spectrum adjacent to the analyte line.  The position used 
must be free of spectral interference and reflect the same change in 
background intensity as occurs at the analytic wavelength measured.  
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Background correction is not required in cases of line broadening where a 
background correction measurement would actually degrade the analytical 
result.  Control of the spectrometer is provided by PC based iTEVA software. 

 
C. ICP's primary advantage is that it allows simultaneous determination of any 

elements in a short time.  The primary disadvantage of ICP is background 
radiation from other elements and the plasma gases.  Although all ICP 
instruments utilize high-resolution optics and background correction to 
minimize these interferences, analysis for traces of metals in the presence of a 
large excess of a single metal is difficult.  Examples would be traces of metals 
in an alloy or traces of metals in a limed (high calcium) waste.  ICP and Flame 
AA have comparable detection limits (within a factor of 4) except that ICP 
exhibits greater sensitivity for refractories (Al, Ba, etc.).  Furnace AA, in 
general, will exhibit lower detection limits than either ICP or FAA. 

 
D.  It is standard procedure to use an internal standard (scandium) with samples to 

increase the stability of the instrument as recommended by the manufacturer 
(Thermo Fisher).  (When samples are suspected of containing scandium 
internal standard cannot be used.)  

 
III. SAMPLE HANDLING AND PRESERVATION 
 

A. Preliminary treatment of most matrices is necessary because of the complexity 
and variability of sample matrices.  Water samples which have been 
prefiltered and acidified will not need acid digestion as long as the samples 
and standards are matrix matched and particulates do not form after the 
filtration and preservation take place.   Solubilization and digestion 
procedures are presented in Sample Preparation Methods (Methods 3005A-
3050A). 

 
B. Sample digestates are stored at room temperature for at least 2 months unless 

a longer time is requested by the client.  The samples contain an acid matrix 
of 3:1.  Since the most concentrated acid matrix allowed for direct disposal 
down an acid sink is a ratio of 20:1, the samples must be diluted with 1 part 
water to 2 parts sample prior to pouring down the sink while the tap water is 
running. 

 
C. The appropriate SOPs should be consulted regarding sample 

preparation.  The following is a brief summary of the methods we use for 
metals preparation. 

 
• Method 3005A prepares groundwater and surface water samples for total 

recoverable and dissolved metals determination by ICP.  The unfiltered or 
filtered sample is heated with dilute HCl and HNO3 prior to metal 
determination. 

 



                                              EMPIRICAL LABORATORIES, LLC SOP-105 
 Revision:  15 
 Date:  02/22/09 
 Page: 4 of 43 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-105 Rev 15.doc 

• Method 3010A prepares waste samples for total metal determination by 
ICP.  The samples are vigorously digested with a mixture of nitric acid 
and hydrochloric acid followed by dilution with laboratory water.  The 
method is applicable to aqueous samples, TCLP and mobility-procedure 
extracts. 

 
• Standard Methods 19th Edition Method 3030C prepares groundwaters and 

suface water samples for acid extractable metals: (lead and chromium.)  
This preparation has a holding time of 72 hours.  The samples are 
preserved at collection with 5mL/L of HNO3, in the laboratory 5 
mL/100mL of 1+1 HCl is added and the sample is heated for 15 minutes 
in a block digester.  The sample is filtered through a membrane filter and 
the filtrate is carefully transferred to a volumetric flask and brought back 
to 100 mLs. 

  
• Method 3050B prepares wastes samples for total metals determination by 

ICP.  The samples are vigorously digested in nitric acid and hydrogen 
peroxide followed by dilution with either laboratory water or hydrochloric 
acid and laboratory water.  The method is applicable to soils, sludges, and 
solid waste samples. 

 
IV. INTERFERENCES 

 
A. Spectral interferences are caused by background contribution from continuum 

or recombination phenomena, stray light from the line emission of high-
concentration elements, overlap of a spectral line from another element, or 
unresolved overlap of molecular band spectra. 

   
1. Background emission and stray light can usually be compensated for 

by subtracting the background emission determined by measurements 
adjacent to the analyte wavelength peak.  Spectral scans of samples or 
single element solutions in the analyte regions may indicate when 
alternate wavelengths are desirable because of severe spectral 
interference.  These scans will also show whether the most appropriate 
estimate of the background emission is provided by an interpolation 
from measurements on both sides of the wavelength peak or by 
measured emission on only one side.  The locations selected for the 
measurement of background intensity will be determined by the 
complexity of the spectrum adjacent to the wavelength peak.  The 
locations used for routine measurement must be free of off-line 
spectral interference (interelement or molecular) or adequately 
corrected to reflect the same change in background intensity as occurs 
at the wavelength peak. For multivariate methods using whole spectral 
regions, background  scans should be included in the correction 
algorithm.  Off-line interferences are handled by including spectra on 
interfering species in the algorithm. 
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2. To determine the appropriate location for off-line background 
correction, the user must scan the area on either side adjacent to the 
wavelength and record the apparent emission intensity from all other 
method analytes.  This spectral information must be documented and 
kept on file.  The location selected for background correction must be 
either free of off-line interelement spectral interference or a  computer 
routine must be used for automatic correction on all determinations.  If 
a wavelength other than the recommended  wavelength is used,  the 
analyst  must determine and document both the overlapping and 
nearby spectral intereference effects from all method analytes and 
common elements and provide for their automatic correction on all 
analyses.  Tests to determine spectral interference must be done using 
analyte concentrations that will adequtetely describe the interference.  
Normally, 100 mg/L single element solutions are sufficient; however, 
for analytes such as iron that may be found at high concentration, a 
more appropriate test would be to use a concentration near the upper 
analytical range limit. 

 
3. Spectral overlaps may be avoided by using an alternate wavelength or 

can be compensated by equations that correct for interelement 
contributions. Instruments that use equations for interelement 
correction require the interfering elements be analyzed at the same 
time as the element of interest.  When  operative and uncorrected, 
interferences will produce false positive determinations and be 
reported as analyte concentrations.  More extensive information on 
interferant effects at various wavelengths and resolutions is available 
in reference wavelength tables and books.  Users may apply 
interelement correction equations determined on their instruments with 
tested concentration ranges to compensate (off line or on line) for the 
effects of interfering elements.  Some potential spectral interferences 
observed for the recommended wavelength are listed in the method in 
table 2.  For multivariate methods using whole spectral regions, 
spectral interferences are handled by including spectra of the 
interfering elements in the algorithm.  The interferences listed are only 
those that occur between method analytes.  Only interferences of a 
direct overlap nature are listed.  These overlaps were observed with a 
single instrument having a working resolution of 0.035 nm. 

 
4. When using interelement correction equations, the interference may be 

expressed as analyte concentration equivalents (i.e. false analyte 
concentrations) arising from 100 mg/L of the interference element.  
For example, assume that As is to be determined (at 193.696 nm) in a 
sample containing approximately 10 mg/L of Al.  According to Table 
2 from the method, 100 mg/L of Al would yield a false signal for As 
equivalent to approximately 1.3 mg/L.  Therefore, the presence of 10 
mg/L of Al would result in a false signal for As equivalent to 
approximatley 0.13 mg/L.  The user is cautioned that other instruments 
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may exhibit somewhat different levels of interferences than that shown 
in Table 2 from the method.  The interference effects must be 
evaluated for each individual instrument since the intensities will vary. 

 
5. Interelement corrections will vary for the same emission line among 

instruments because of differences in resolution, as determined by the 
grating, the entrance and exit slit widths, and by the order of 
dispersion.  Interelement corrections will also vary depending upon the 
choice of background correction points.  Selecting a background 
correction point where an intefering emission line may appear should 
be avoided when practical.  Interelement corrections that constitute a 
major portion of an emission signal may not yield accurate data.  Users 
should not forget that some samples may contain uncommon elements 
that could contribute spectral interferences. 

 
6. The interference effects must be evaluated for each individual 

instrument whether configured as a sequential or simultaneous 
instrument.  For each instrument, intensities will vary not only with 
optical resolution but also with operating conditions (such as power, 
viewing height and agron flow rate).  When using the recommended 
wavelengths, the anlaylst is required to determine and document for 
each wavelength the effect from referenced interferences  as well as 
any other suspected interferences that may be specific to the 
instrument of matrix.  The analyst is encouraged to utilize a computer 
routine for automatic correction on all analyses. 

 
7. If the correction routine is operating properly, the determined, 

apparent analyte(s) concentration from analysis of each interference 
solution should fall within a specific concentration range around the 
calibration blank.  The concentration range is calculated by 
multiplying the concentration of the interfering element by the value 
of the correction factor being tested and divided by 10.  If after the 
subtraction of the calibration blank the apparent analyte concentration 
falls outside of this range in either a positive or negative direction, a 
change in the correction factor of more than 10% should be suspected.  
The cause of the change should be determined and corrected and the 
correction factor updated. The interference check solutions should be 
analyzed more than once to confirm a change has occurred.  Adequate 
rinse time between solutions and before analysis of the calibration 
blank will assist in the confirmation. 

 
8. When interelement corrections are applied, their accuracy should be 

verified, daily, by analyzing spectral interference check solutions.  If 
the correction factors or multivariate correction matrices tested on a 
daily basis are found to be within 20% criteria for 5 consecutive days, 
the required verification frequency of those factors in compliance may 
be extended to a weekly basis.  Also, if the nature of the samples 
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analyzed is such they do not contain concentrations of the interfering 
elements at ± one reporting limit from zero, daily verification is not 
required.  All interelement spectral correction factors or multivariate 
correction matrices must be verified and updated every six months or 
when an instrumentation  change, such as in the torch, nebulizer, 
injector, or plasma conditions occurs.  Standard solution should be 
inspected to ensure that there is no contamination that may be 
perceived as a spectral interference. 

 
B. Physical interferences are effects associated with the sample nebulization  and 

transport processes.  Changes in viscosity and surface tension can cause 
significant inaccuracies, especially in samples containing high dissolved 
solids or high acid concentrations.  If physical interferences are present, they 
must be reduced by diluting the sample or by using a peristaltic pump, by 
using an internal standard or by using a high solids nebulizer.  Another 
problem that can occur with high dissolved solids is salt buildup at the tip of 
the nebulizer, affecting aerosol flow rate and causing instrumental drift.  The 
problem can be controlled by wetting the argon prior to nebulization, using a 
tip washer, using a  high solids nebulizer or diluting the sample.  Also it is has 
been reported that better control of the argon flow rate, especially to the 
nebulizer, improves instrument performance:  this may be accomplished with 
the use of mass flow controllers.  

 
C. Memory interferences result when analytes in a previous sample contribute to 

the signals measured in a new sample.  Memory effects can result from 
sample deposition on the uptake tubing to the nebulizer and from the build up 
of sample material in the plasma torch and spray chamber.  The site where 
these effects occur is dependent on the elements and can be minimized by 
flushing the system with a rinse blank between samples.  The possibility of 
memory interferences should be recognized within an analytical  run and 
suitable rinse times should be used to reduce them.  The rinse times necessary 
for a particular element must be estimated prior to analysis.  This may be 
achieved by aspirating a standard containing elements at a concentration ten 
times the usual amount or at the top of the linear dynamic range.  The 
aspiration time for this sample should be the same as a normal sample analysis 
period, followed by analysis of the rinse blank at designated intervals.  The 
length of time required to reduce analyte signals to within a factor of two of 
the method detection limit should be noted.  Until the required rinse time is 
established, this method suggests a rinse period of at least 60 seconds between 
samples and standards.  If a memory interference is suspected, the sample 
must be reanalyzed after a rinse period of sufficient length.  Alternate rinse 
times may be established by the analyst based upon their DQOs.  

 
D. Users are advised that high salt concentrations can cause analyte signal 

suppressions and confuse interference tests.  If the instrument does not display 
negative values, fortify the interference check solution with the elements of 
interest at 0.5 to 1 mg/L and measure the added standard concentration 
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accordingly.  Concentrations should be within 20% of the true spiked 
concentration or dilution of the samples will be necessary.  In the absence of 
measurable analyte, overcorrection could go undetected if a negative value is 
reported as zero. 

 
V. SAFETY 

 
A. Normal accepted laboratory safety practices should be followed while 

performing this analysis. 
 

1. Care should be used in handling all samples.  Safety glasses 
must be worn in the lab at all times.  The use of appropriate 
safety gloves and lab coats is highly recommended. 

2. Research into expected sample content and concentration 
should be done in order to be prepared for additional safety 
considerations.  Generally, any samples that need special 
consideration have applicable notes on the sample logs. 

3. MSDS sheets are available for all reagents and standards that 
have been purchased.  These are located in the bookshelves in 
the Quality Assurance Officers office. 

 
VI. EQUIPMENT/APPARATUS 
 

A. Inductively coupled argon plasma emission spectrometer: Thermo Scientific 
6500 DUO. 

 
B. Computer-controlled emission spectrometer with background correction:  

Thermo Scientific 6500 DUO or equivalent. 
 
C. Radio frequency generator compliant with FCC regulations:  Thermo 

Scientific or equivalent. 
 
D. Argon gas supply – Liquid Argon 
 
E. Class A volumetric flasks 
 
F. Class A volumetric pipettes 

 
G. Analytical balance - capable of accurate measurement to a minimum of three 

significant figures (.001gm):  Mettler model AE100 
 
H. Variable Eppendorf Pipettes 1000μL; 5000μL 

 
VII. REAGENTS AND STANDARD PREPARATION 
 

A. Notes 
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1. Reagent Water.  All references to water in the method refer to reagent 

grade water unless otherwise specified.  Reagent water will be 
interference free. 

 
2. Reagent grade chemicals shall be used in all tests.  Unless otherwise 

indicated, it is intended that all reagents shall conform to the specifications 
of the Committee on Analytical Reagents of the American Chemical 
Society, where such specifications are available.  Other grades may be 
used, provided it is first ascertained that the reagent is of sufficiently high 
purity to permit its use without lessening the accuracy of the 
determination.  If the purity of a reagent is in question analyze for 
contamination.  If the concentration is less than the MDL then the reagent 
is acceptable. 

 
B. REAGENTS 

 
1. Hydrochloric acid (concentrated), HCl. 
2. Nitric acid (concentrated), HNO3. 
 

 
C. STANDARDS 
 

1. Matrix 
 

a. All standards contain 2% HNO3 and 5% HCl. 
 

2. Storage 
 

a. The standards are stored at room temperature in 500 mL Teflon 
bottles. 

 
3. Traceability 

 
a. All records shall be maintained on all reference materials within 

Element.  The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique Element 
number that is recorded on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique Element ID number with complete information on 
preparation date, concentration of each compound, solvent, preparer's 
name, expiration date in Element.  Reagents shall be labeled with date 
received and expiration date, if applicable.  All of the information 
described above shall also be recorded in Element.  Measurements 
made during standards preparation (e.g., from weighing operations, 
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volume diluted to, etc.)  shall also be recorded.  There should be no 
container with sample, sample extract, standard solution, etc. that is 
not correctly labeled and properly stored. 

 
4. Calibration standards 

 
a. All standards have an acid matrix of 2% HNO3 and 5% HCl and 

should be prepared using class A volumetric flasks, class A volumetric 
pipettes (or calibrated Eppendorfs). 
 

b. STD-1 is the calibration blank: Reagent grade water matrix matched 
as in (a) above.  Note: when this standard is analyzed the 
intensities should be compared to a previous run to make sure that 
no contamination has occurred.  Prepare this solution fresh daily. 

 
c.   Stock QC21 solution:  (100 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element and includes the following metals - Sb, As, Be, Cd, Ca, Cr, 
Co, Cu, Fe, Pb, Li, Mg, Mn, Mo, Ni, Se, Sr, Tl, Ti, V,  and  Zn. 

 
e.   Stock QC7 solution:  Order from the manufacturer already prepared.  

This solution is given a unique identifier within Element and includes 
the following metals- (50 ug/mL)- silver; (100 ug/mL)- aluminum, 
boron, barium and sodium; (1000 ug/mL)- potassium; (500 ug/mL or 
100 ug/mL note we use two sources of this standard and each have 
different concentrations for Si) –Silica. 

 
f. Boron solution: (1000 ug/mL). Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. 
 
g.  Stock Tin solution: (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element.  

  
h.   Stock Silver solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
i. Stock Aluminum solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
j.  Stock Calcium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 
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k Stock Magnesium solution:  (10000 ug/mL).  Order from the 
manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
l. Stock Iron solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
m. Stock Potassium solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
n Stock Barium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
o Stock Sodium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
p. Stock Arsenic solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
q. Stock Cobalt solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
r. Stock Chromium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
s  Stock Copper solution:   (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
t.  Stock Manganese solution: (1000 ug/mL). Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
u Stock Nickel solution: (1000 ug/mL). Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
v.  Stock Lead solution:    (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 
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w. Stock Selenium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
x.  Stock Thallium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
y.  Stock Beryllium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

  
z.  Stock Cadmium solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
aa. Stock Antimony solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
bb. Stock  Molybdenum solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
cc. Stock Strontium solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifie within Element. 

 
dd. Stock Titanium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifie Element. 

 
ee. Stock Vanadium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
ff. Stock Zinc solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
gg. Stock Scandium solution (10000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
 

5. Calibration and Calibration Verification standards 
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a. The calibration standards and calibration verification standards 

preparations are recorded in Element.  Please find method of 
preparation in Appendix I. 

  
b. The CRI solution is analyzed to check the accuracy of the instrument 

down near the contract required detection limits (CRDL).  It is 
analyzed in conjunction with the interference check sample.  The 
sample is prepared from a purchased solution which contains 
120 µg/mL Sb, 100 µg/mL Co and V, 80 µg/mL Ni, 50 µg/mL Cu, 
40 µg/mL Zn, 30 µg/mL Mn, 20 µg/mL As, Cr, Ag and Tl, 10 µg/mL 
Be, Cd and Se along with 6 µg/mL Pb.  500 µ/L of the solution is 
diluted to 500 mL.  This solution is stable for 6 months. 
 

hh. The interference check solutions ( ICSA and ICSAB ) are prepared to 
contain known concentrations of interfering elements that will provide 
an adequate test of the IECs.  A solution containing 500 ug/mL Al, Ca, 
Mg and 200 ug/mL Fe is diluted 10x to prepare the ICSA.  The ICSAB 
is prepared by diluting  100x a solution containing 10 ug/mL of As and 
Tl; 20 ug/mL Ag; 50 ug/mL Ba, Be, Cr, Co, Cu, Mn, and V; 100 
ug/mL Cd, Ni and Zn; 5 ug/mL Pb and Se; and 60 ug/L Sb.  Add to 
this a solution containing 500 ug/mL Al, Ca, Mg and 200 ug/mL Fe 
diluted 10x.  These solutions are prepared as needed or monthly. 

 
d.   Reporting Limit Standard-  Prepared 1.0 ml of RL Stock solution A 

and 1.0 ml of RL Stock Solution B diluted to 100 ml with 2% HNO3 
and 5% HCL matrix , mix well. Solution stable for 3 months 

 
6. Digestion standards 

 
a. The Laboratory control sample ( LCS ) is prepared from High Purity 

solutions CLP-CAL-1 solution A and B; CLP-CAL-2 and CLP-CAL-
3.  0.50 mL of CLP-CAL-1 A and B  is diluted to 500 mL with 0.125 
mL of CLP-CAL-2 and CLP-CAL-3.  25 mL of HCl and 10 mL of 
HNO3 are added for preservation.  This solution is stored in a Teflon 
bottle.  A portion is reserved in case of a problem with digestion.  
When there is a problem with the analysis of the LCS the solution is 
checked first before action is taken to make sure that it was made 
properly and has not deteriorated since it was made up.  This solution 
is given a unique identifier.  The LCS is prepared from a source 
independent from that used in the calibration standards.  This solution 
is prepared daily or as needed. Note: The analysis of Molybdenum is 
not a routine procedure but a project-specific requirement. A 
customized LCSW mix must be prepared to contain this target analyte. 
 

b. The solid Laboratory Control Sample (Soil) (LCSS) is prepared by 
weighing up 1.0 g of teflon chips and spiking using the same spiking 
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solutions used to spike the sample matrix.  This standard is given a 
unique identifier i.e. LCSS(date prepared)A,B,C etc. 
 

c. The spiking solutions are prepared as follows: 
 

1. Stock Multi-element Spiking Solutions:  High Purity CLP-
CAL-1 solution A: 2000 ug/mL Al and Ba; 50 ug/mL Be; 
200 ug/mL Cr; 500 ug/mL Co, Mn, Ni, V and Zn; 250 
ug/mL Cu; 1000 ug/mL Fe; 5000 ug/mL Ca, Mg, K and 
Na;  solution B:  250 ug/mL Ag; CLP-CAL-2:  1000 ug/L 
Sb; CLP-CAL-3:  1000 ug/mL As, Pb, Se, Tl; 500 ug/mL 
Cd.  Order from the manufacturer already prepared.  These 
solutions are given a unique identifier.  Add 0.050 mL 
(0.20 mL for soil samples) of CLP-CAL-1 solutions A and 
B, and 0.0125 mL (0.05 mL for soil samples) of CLP-CAL-
2 and 3 to 50 mL of sample (1gram of sample for soils) for 
the following spike values:  2000 ug/L Al and Ba; 50 ug/L 
Be; 200 ug/L Cr; 500 ug/L Co, Mn, Ni, V and Zn; 250 ug/L 
Cu; 1000 ug/L Fe; 5.0 mg/L Ca, Mg, K and Na, 250 ug/L 
Ag, Sb, As, Pb, Se and Tl; 125 ug/L Cd.  A blank spike 
should be prepared at the time the samples are spiked to 
check the actual spike value and accuracy. 

 
2. TCLP Spiking Solution:  Use 0.50 mL diluted to 50 mL for 

digestion:  
2.5 mL  10000 mg/L Ba stock standard diluted to 100 mL; 
2.5 mL Cr, Pb and As 1000 mg/L stock standard diluted to 
100 mL;  0.50 mL Cd and Se diluted to 100 mL . Store in a 
Teflon bottle.  A blank spike should always be prepared at 
the same time a sample is being spiked.  This solution 
should produce a spike value of 2500 ug/L Ba; 250 ug/L 
Cr, Pb and As; and 50 ug/L of Cd and Se.  Note:  Since the 
samples are diluted 10x when digested the spike value will 
appear to be 10x greater when analyzed. 
 

3.  TCLP Silver Spiking Solution:  Use 5.0 mL diluted to 50 
mL for digestion: 
0.40 mL of 1000 mg/L stock Ag solution diluted to 200 
mL.  Store in a Teflon bottle.  A blank spike should always 
be prepared at the same time a sample is being spiked.  
This solution should produce a spike value of  200 ug/L. .  
Note:  Since the samples are diluted 10x when digested the 
spike value will appear to be 10x greater when analyzed.  
Also this solution is not very stable and may require fresh 
preparation at least weekly. 

 



- 

- 
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VIII. CALIBRATION AND ASSOCIATED QA/QC 
 

A. Set up the instrument with proper operating parameters.  The instrument must 
be allowed to become thermally stable before beginning (usually requiring at 
least 30 minutes of operation prior to calibration). 

 
B. Operating conditions - The instrument settings can be found in method 

file.  For operation with organic solvents, use of the auxiliary argon inlet is 
recommended, as are solvent-resistant tubing, increased plasma (coolant) 
argon flow, decreased nebulizer flow, and increased RF power to obtain stable 
operation and precise measurements.  Sensitivity, instrumental detection limit, 
precision, linear dynamic range, and interference effects must be established 
for each individual analyte line on that particular instrument.  The analyst 
must (1) verify that the instrument configuration and operating conditions 
satisfy the analytical requirements and (2) maintain quality control data 
confirming instrument performance and analytical results. 

 
C. Autopeak when some change has been made to the introductory system and 

calibrate the instrument according to the instrument manufacturer's 
recommended procedures, using the typical mixed calibration standard 
solutions.  (See SOP-106, ICP Instrument Operation)  Flush the system with 
2% HNO3 / 5% HCl between each standard or as the manufacturer 
recommends.  (Use the average intensity of multiple exposures for both 
standardization and sample analysis to reduce random error.)  The calibration 
curve consists of a blank and three standards (r>0.998).  If  a three point 
calibration curve is not required for the client samples being analyzed 
Empirical Laboratories may use a blank and one standard as referenced in 
USEPA - CLP protocols. 

 
D. Before beginning the sample run, analyze the Iron and Aluminum  standards 

at their linear range to check for IEC drifts.   Analyze these standards first as 
QC samples with an IEC check table and action taken should be to calculate 
IECs  using the iTEVA software.  Make sure to rinse thoroughly after running 
these linear range standards, they can cause carry over into the initial QC 
samples which are analyzed next. The analysis order follows as: ICV (+ 10%) 
for 200.7 (+ 5%) and ICB (< ±MDL or ±RL/CRDL for others or CLP, for 
CCB, DOD QSM Ver. 3  no analytes detected >2xMDL) first, then analyze 
a reporting limit standard (a standard at the concentration of the reporting 
limit).  This standard should be within ±20% for DOD projects and ±30% for 
samples analyzed for 6010C.  Then reanalyze the highest mixed calibration 
standard(s) as if it were a sample.  Concentration values obtained should not 
deviate from the actual values by more than 5%.  If they do, follow the 
recommendations of the instrument manufacturer to correct for this condition. 

 
E. For CLP projects, verify the validity of the curve in the region of 2x the 

contract required detection limit ( CRDL ) before and after each batch of 20 
samples in the specific order of CRI, ICSA, ICSAB, CCV and CCB(CCB 



- 
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criteria: < ±MDL or ±RL/CRDL for others or CLP, for CCB, DOD QSM 
Ver. 3  no analytes detected >2xMDL, beginning and end of sequence and 
after every 10 samples) or twice during every 8-hour work shift, whichever 
is more frequent.  Results should be within +20%.  Supervisor must be 
notified if the control limit is not met.  Supervisor will dictate corrective 
action if required.  The final analytical report must document this situation.  
(For Internal QC) 

 
F. Verify the interelement and background correction factors at the beginning 

and after each batch of 20 samples in the specific order of CRI, ICSA, 
ICSAB, CCV and CCB(CCB criteria: < ±MDL or ±RL/CRDL for others or 
CLP, for CCB, DOD QSM Ver. 3  no analytes detected >2xMDL, 
beginning and end of sequence and after every 10 samples) or twice during 
every 8-hour work shift, whichever is more frequent.  Do this by analyzing the 
interference check solution A and AB.  Results should be within +20% of the 
true value for ICSAB. For ICSA DOD QSM Ver 3. , absolute value of 
concentration for all non-spiked analytes < 2xMDL.(CRI, ICSA and 
ICSAB required at the end for CLP projects only). 

 
G. When analyzing samples associated with North Carolina or with DOD QSM 

Ver. 3 work, a solution containing analytes at their reporting limit must be 
analyzed prior to sample analysis.  The concentrations must be within 20% 
DOD( 20 or 30% depending on project) of their true values to be acceptable. 
 
Note: Supervisor must be notified if the control limit is not met.  

Supervisor will dictate corrective action if required.  The final 
analytical report must document this situation. 

 
H. The instrument must be calibrated once every 24 hours if performing straight 

CLP work. 
 
I. Instrument Autosampler Report example: 

 
Calibration Rack(used by instrument software to insert QC) 
 
1) STD 1-blank 
2) Low Cal 
3) Mid Cal 
4) Ba @ 5000 ppb 
5) QC5 
6) QC 21 
7) NAK 100 
8) QC3 

 
Sample Sequence RACK 1 

 
1) Al IEC-(readback) 
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2) Fe IEC-(readback) 
3) ICV 
4) ICB-initial 
5) RL-reporting limit standard 
6) Ba@ 5000 ppb (readback) 
7) QC5  
8) NAK High-(readback) 
9) QC 21 High-(readback) 
10) Salt Cal  at 500 ppm (readback) 
11) Rinse 
12) CRI-0 
13) ICAS-0 
14) ICASB-0 
15) Rinse 
16) CCV 1A 
17) CCB 1A 
18) Preparation Blank (Batch # BLK-1) 
19) Laboratory Control Sample ( Batch # BS-1) 
20) Sample 1 
21) Sample 2 
22) Sample 3 
23) Sample 4 
24) Sample 5 
25) Sample 6 
26) Sample 7 
27) Sample 8 
28) CCV 1B 
29) CCB 1B 
30) Sample 9 
31) Sample 10 
32) Sample 11 
33) Sample 12 
34) Sample 13 
35) Sample 14 
36) Sample 15 
37) Sample 16 
38) Sample 17 
39) Sample 18 
40) CCV 2A 
41) CCB 2A 
42) Sample 19 
43) Sample 20 
44) Sample matrix spike (batch# MS-1) 
45) Sample matrix spike duplicate (batch# MSD-1) 
46) Sample post digestion spike (batch# PS-1) 
47) Sample serial dilution (batch# SRD-1) 
48) CRI-1 
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49) ICSA-1 
50) ICSAB-1 
51) Rinse 
52) CCV 2B 
53) CCB 2B 
54) Preparation Blank (batch# BLK-1) 
55) Laboratory Control Sample (batch# BS-1) 
56) Sample 1 
57) Sample 2 
58) Sample 3 
59) Sample 4 
60) Sample 5 

 
RACK 2  
 
1) Sample 6 
2) Sample 7 
Etcetera… 
 
Each rack holds 60 samples and there are 4 racks that are used for samples, CCVs 
and CCBs and run QC. 

 
IX. PROCEDURE 

 
A. Once the instrument has been calibrated, begin the analysis of samples. 
 
B. If particulates are visible in the digestate, the sample must be filtered prior to 

analysis.  If filtration is required, a filter blank must be prepared by filtering 
reagent grade water which has been properly acidified.  In the event USACE 
samples are filtered, all USACE samples and the QC samples in that QC 
batch must be filtered.  All USACE solid samples and their associated 
batch QC samples must be filtered prior to analysis. 

 
C. Flush the system with 2% HNO3 / 5% HCl for at least 1 minute before the 

analysis of each sample. 
 
D. Dilute and reanalyze samples that are more concentrated than the linear 

calibration limit or, for 200.7, + 10% of the linear range standard.  In the case 
of USACE samples, the criterion changes and requires dilution and 
reanalysis of all samples which produce a concentration that exceeds the 
highest calibration standard.  Sample results detected between the MDL 
and RL are flagged as estimated with a ”B” flag.   

 
E. Verify calibration every 10 samples or every 2 hours, whichever is more 

frequent and at the end of the analytical run, using a continuing calibration 
verification (CCV) sample and a continuing calibration blank (CCB) sample. 
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• The results of the CCV are to agree within 10% for 6010 (5% for 200.7) 
on initial verification of the expected value, with relative standard 
deviation (RSD) < 5% from replicate ( minimum of two integrations ).                              
If not, terminate the analysis, correct the problem, and reanalyze the 
previous ten samples.  The analyst may continue the analytical run, and 
after conferring with the section manager it may be necessary to reanalyze 
a group of samples.  The analyst must notify the section manager within 
24 hours. 

 
• The results of the calibration blank (this is not the method/preparation 

blank) are to agree within  < ±MDL(SW-846 Method 6010B), and  3 x 
IDL or CRDL for CLP, for DOD QSM Ver. 3  no analytes detected 
>2xMDL.  If the calibration blank is not in control, evaluate the impact 
upon the previous 10 samples.  Reanalysis may be required after an 
evaluation of the data.  If the blank < 1/10 the concentration of the action 
level of interest, and no sample is within 10% of the action limit, samples 
need not be reanalyzed.  One must also evaluate the reporting limit (RL) 
as it relates to 3X the IDL/MDL.  If the RL is significantly above 3X IDL 
or MDL then reanalysis  may not be required (Na, K, Mg and Ca are good 
examples of this situation). 

 
• Total hardness is reported from HNO3 preserved sample.  The final 

concentration is calculated from the calcium and magnesium results as 
follows: 

 
       Ca mg/L x 2.5 + Mg mg/L x 4.1 = total Hardness in mg/L as CaCO3 
 

             F.   Documentation of Capability (DOC) – Each analyst must perform a DOC to 
demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 
X. CALCULATIONS 
 

A. The instrument will generate data results in mg/L or µg/L ( labeled 
appropriately).  Each result represents an average of three individual readings 
per  metal channel. 

 
B. For aqueous samples, if a post/predigestion dilution is performed, the result 

must be multiplied by this factor or the dilution factor must be entered into the 
instrument data table in which case the instrument will generate data corrected 
for the dilution. 

 
C. For solid samples, if a postdigestion dilution is performed , the result must be 

multiplied by this factor or the dilution factor must be entered into the 
instrument data table in which case the instrument will generate data corrected 
for the dilution.  Also, the result must be converted to reporting units which 
are usually mg/kg. 
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SR ( ug/g or mg/kg ) = IR*DF*FED/SM 
 

SR = Sample result 
IR = Instrument result ( µg/L ) 
DF = Dilution factor ( post digestion ) 
FED = Final volume of digestate ( L ) 
SM = Sample mass digested( g ) 

 
XI. QUALITY CONTROL 
 

A. Daily 
 

1. See sections VIII and IX above. 
 
B. Quarterly 

 
1. Linear range standards must be analyzed at a frequency no less than once 

every three months.  The linear range standard represents the second 
standard required for verification that samples are actually linear to the 
degree claimed.  The analyst is responsible for completing this task in a 
timely manner.  The linear range standard must be within +/-5% of true 
value. 

 
2. The interelement correction factors ( IEC ) should be verified at the time 

the linear range standards are analyzed. 
 

3. IDL’s if CLP work required. 
 

C. Digestion 
 

1. All quality control data should be maintained and available for easy 
reference or inspection. 

 
2. Employ a minimum of one method blank per sample batch to determine if 

contamination or any memory effects are occurring.  A method blank, 
sometimes referred to as the preparation blank is a volume of reagent 
water acidified with the same amounts of acids as were the standards and 
samples.  These blanks are taken through the same digestion/preparation 
steps as the sample being tested.  The result for the method blank should 
not indicate contamination greater than  ± ½  RL (USACE) or ±RL/CRDL 
for other or CLP.  If exceeded, the impact upon the data should be 
evaluated and the associated sample(s) should be either redigested or the 
data should be qualified. 

 
3. Employ a minimum of one laboratory control sample ( LCS ) for aqueous 

samples or one teflon chip spiked sample per sample batch to verify the 
digestion procedure.  These LCSs are taken through the same 
digestion/preparation steps as the sample being tested.  The control limits 
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are +15% method 200.7 - aqueous and soil samples or +20% for all other 
methods aqueous and soil samples. If the LCS is not in control, the impact 
upon the client data should be evaluated and the associated sample(s) 
should be redigested.  Consult your supervisor for further action.  
Qualifying the associated data may not be permissable for some clients. 

 
D. Sample 

 
1. Analyze one replicate sample for every twenty samples or per analytical 

batch, whichever is more frequent.  A replicate sample is a sample brought 
through the whole sample preparation and analytical process in duplicate.  
It is acceptable to substitute a matrix spike duplicate for the sample 
replicate.  Project specific requirements will take precedence in these 
situations.  NJDEP demands that this requirement be met with a client 
specific duplicate rather than a spike duplicate. The control limits are 20% 
RPD (if both are >5x CRDL) or ± the CRDL ( if either are <5X CRDL).  

 
2. Analyze one spiked sample and spiked sample duplicate for every twenty 

samples or per analytical batch, whichever is more frequent.  A replicate 
sample is a sample brought through the whole sample preparation and 
analytical process in duplicate.  Project specific requirements will take 
precedence in these situations.  If the analyte level in the sample is not 
greater than 4X the spiking level, the spike recoveries should be within 
+25% of the true value (+ 20% for DOD projects).  If not, a post 
digestion spike should be analyzed. 

 
 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD (non-aqueous samples may routinely exceed this 
amount) shall be used for sample values greater than five times the 
contract required detection limit.)  Supervisor must be notified if the 
control limit is not met.  Supervisor will dictate corrective action if 
required.  The final analytical report must document this situation. 

 
4. The following should be analyzed with each preparation batch containing 

a matrix spike. 
 

• Serial dilution:  If the analyte concentration is sufficiently high 
(minimally, a factor of 50 above the instrumental detection limit after 
dilution), an analysis of a 1:4  dilution (volumetric glassware must be 
used) should agree within +10% of the original determination.  If not, 
a chemical or physical interference effect should be suspected.  The 
analyst and or section manager must note this situation on the final 
analytical report. 

 
• Post digestion spike addition:  An analyte spike added to a portion of a 

prepared sample, or its dilution, should be recovered to within 85% to 
115% of the known value and is required if the pre-digestion matrix 
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spike (low-level only for CLH) is outside of control limits.  The spike 
addition should produce a minimum level of 10 times and a maximum 
of 100 times the instrumental detection limit.  If the spike is not 
recovered within the specified limits, a matrix effect should be 
suspected.  The analyst and or section manager must note this situation 
on the final analytical report. 

 
E. Method Detection Limit (MDL), Empirical Laboratories Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
TABLE I 

 
 

Aqueous and Soil Method Detection Limits(MDL), Empirical Laboratories Reporting Limits(ERL),
 CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 

 
Analytes by 

EPA 
200.7,3005A/30

50A- 6010B 
SOW 4.1 & 5.2 

AQUEOUS 
MDL 
(ug/L) 

AQUEOUS 
ERL 

(ug/L) 

AQUEOUS 
CRQL  

ILMO 4.1 
 (ug/L) 

AQUEOUS 
CRQL  

ILMO 5.2 
(ug/L) 

SOLID/SOIL
MDL 

(mg/Kg) 

SOLID/SOIL 
ERL 

(mg/Kg) 

SOLID/SOIL 
CRQL  

ILMO 4.1  
(mg/Kg) 

SOLID/SOIL 
CRQL  

ILMO 5.2 
(mg/Kg 

Silver 1.0 10 10 10 0.20 2.0 2 2 
Aluminum 50 200 200 200 10 40 40 40 

Arsenic 3.0 10 10 15 0.6 2.0 2 3 
Barium 5.0 200 200 200 1.0 40 40            40 

Beryllium 1.0 5.0 5 5 0.20 1.0 1 1 
Calcium 1000 5000 5000 5000 20 1000 1000 1000 

Cadmium 1.0 5.0 5 5 0.20 1.0 1 1 
Cobalt 5.0 50 50 50 1.0 10 10 10 

Chromium 2.0 10 10 10 0.40 2.0 2 2 
Copper 4.0 25 25 25 0.40 5.0 5 5 

Iron 30 100 100 100 1.0 20 20 20 
Potassium 1000 5000 5000 5000 40 1000 1000 1000 

Magnesium 1000 5000 5000 5000 40 1000 1000 1000 
Manganese 1.0 15 15 15 0.20 3.0 3 3 

Sodium 1000 5000 5000 5000 40 1000 1000 1000 
Nickel 3.0 40 40 40 1.0 8.0 8 8 
Lead 1.5 5.0 3 10 0.60 2.0 0.6 2 

Selenium 3.0 10 5 35 0.60 2.0 1 7 
Antimony 5.0 60 60 60 1.0 12 12 12 
Thallium 3.0 10 10 25 0.60 2.0 2 5 

Vanadium 5.0 50 50 50 1.0 10 10 10 
Zinc 5.0 20 20 60 1.0 4.0 4 12 
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TABLE 2 

 
 

METAL 
 

 
WAVELENGTH 

 

Aluminum 396.1 
Antimony 206.8 
Arsenic 189.0 
Barium 233.5 

Beryllium 313.0 
Cadmium 228.8 
Calcium 317.9 

Chromium 267.7 
Cobalt 228.6 
Copper 324.7 

Iron 261.1 
Lead 220.3 

Magnesium 279.0 
Manganese 257.6 

Molybdenum 202.0 
Nickel 231.6 

Potassium 766.4 
Selenium 196.0 

Silver 328.0 
Sodium 589.5 

Thallium 190.8 
Tin 189.9 

Titanium 334.9 
Vanadium 292.4 

Zinc 206.2 
 
 
XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
 

1. ICV not within + 10% or + 5% for 200.7 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate through analysis of appropriate standards and recheck 
ICV. 



- 
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2. ICB not  +MDL or  within + 3X IDL or CRDL for CLP, DOD QSM Ver. 

3  no analytes detected >2xMDL 
 

a. Is the problem with the solution? 
i. Reprepare 

b. Is the problem with the calibration? 
i. Recalibrate with the blank solution or the low level standard.  

Restart analysis with the ICV. 
 

3. Check standards not within + 5% 
a. Is the problem with the solution? 

i. Repour, reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis 
with the ICV. 

 
4. CRI not within + 20% (Internal QC, only required for CLP work). 

a. Is the problem with the solution? 
i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 
i. Recalibrate thru analysis of appropriate standards.  Restart 

analysis with the ICV. 
5. ICSA metals not present are not less than the CRDL for that metal, for 

ICSA DOD QSM Ver 3. , absolute value of concentration for all non-
spiked analytes < 2xMDL. 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart 
analysis with the ICV. 

 
6. ICSAB not within + 20% 

a. Is the problem with the solution? 
i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 
i. Recalibrate thru analysis of appropriate standards.  Restart analysis 

with the ICV. 
 

7. CCV not within + 10% 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. If appropriate, continue the analysis.  Discuss effect of the out of 
control situation with your supervisor.  The samples will be 
reanalyzed or the data will be qualified.  Note: CLH data must 
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always be reanalyzed back to the last compliant CCV and not 
qualified. 

 
8. CCB not   +MDL or  within + 3X IDL or CRDL for CLP, DOD QSM 

Ver. 3  no analytes detected >2xMDL 
a. Is the problem with the solution? 

i. Reprepare 
b. Is the problem with the calibration? 

i. Apply SW846 guidance.  (See Section IX-E for additional 
guidance).  Note:   CLH data must always be reanalyzed back to 
the last compliant CCB and not qualified. 

 
B. DIGESTION RELATED 
 

1. Preparation blank not within + ½  RL and + RL for common contaminants 
USACE  or RL/CRDL for other or CLP 
a. Is the problem with the instrument? 

i. Evaluate with respect to instrumental bias or reanalyze when 
instrument is in control. 

b. Is the problem with the digestion? 
i. If associated samples are less than 10X the level of the preparation 

blank but above the RL, the sample must be redigested or the data 
must be qualified on the final report.  

 
2. LCS not within control limits 

a. Is the problem with the instrument? 
i. Evaluate with respect to instrumental bias or reanalyze when 

instrument is in control. 
b. Is the problem with the digestion? 

i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
C. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% (if both are >5X CRDL) or ± the 
CRDL ( if either are <5X CRDL). 
a. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25%(+ 20% for DOD projects) 
a. Is the analyte level in the sample greater than 4X the spiking level? 

i. If yes, the spike recovery is not evaluated. 
ii. If no, a post digestion spike must be analyzed and the 

associated sample data must be qualified on the final report. 
 

3. When required, post digestion spike analysis recovery not within +15%. 
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a. The associated sample data must be qualified on the final report. 
b. For USACE analysis by MSA is required. 

 
4. Serial dilution analysis percent difference not within +10% 

a. Is the analyte concentration a factor of 50 above the instrumental 
detection limit after dilution? 
i. If no, the serial dilution data can not be evaluated. 
iii. If yes, a chemical or physical interference effect should be 

suspected.  The analyst and or section manager must note this 
situation on the final analytical report. 

 
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
Please see Waste Disposal SOP-405 fot instruction of proper disposal of waste 
generated from this area. 
 

            Quantity of chemicals purchased should be based on expected usage during 
its shelf-life    and the disposal cost of unused material. Actual reagent 
preparation volumes should reflect anticipated usage and reagent stability. 
 

XIV. REFERENCES 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
SW-846; Third Edition (Update III); Method 6010B and Method 6010C 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 200.7; 

APX-B 
 

3. USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 
ILM05.2 

  
Refer to SOP-431 for common environmental laboratory definitions. 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

Addendum for USEPA CLPILM 05.2 
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1. The control limit for the ICSA is at 20% or ±CRQL whichever is greater. 
2. Preparation codes are required in the digestion log See SOW Exhibit B 

for a listing of these codes with definitions. 
3. The CRQL check standard is run at the concentration of the respective 

CRQLs.  For a listing of CRQL for this SOW see Exhibit C.  Several of 
the metals concentration levels have changed. 

4. The spiking level for CLP ILM 05.2 is at 50 ug/L for selenium.  All other 
spike levels remain the same as in SOW ILM 04.1.  

5. The CCV shall be analyzed at a different concentration then the ICV (at 
or near one-half of the calibration standard concentration.   

6. The post digestion spike must be analyzed at 2x the indigenous level of 
the sample or two times the CRQL whichever is greater. 

7. A Non-prepared MDL study must be analyzed and the results of this 
study used for MDL reporting when sample volumes are not digested. 

 
 
 
 
 

CHANGES TO FORMS for SOWCLPILM 05.2 
 

1. Forms must be double-sided 
2. A photocopy of the instrument's direct sequential readout shall be 

included. 
3. Undiluted samples must be reported as well as diluted samples. 
4. J flags are used in place of B flags when a sample has a concentration 

less the CRQL but greater then or equal to the MDL.  
5. A D flag is used for samples reported from a dilution. 
6. All results are reported down to the MDL not the IDL. 
7. Preparation codes are used on form 13. 

The form for method of standard additions (MSA) has been removed 
and all subsequent QC has move up one form number in other words 
form 8 is now serial dilution when it used to be the MSA 
form,etcetera.
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ANALYST DATA REVIEW CHECKLIST Sample Number(s): 
Batch Number(s): 
Method: 6010B ( ICP ) 

QA/QC Item Yes No NA Second Level 
Review 

1. Were samples analyzed within USACE holding times?     
2. Was initial calibration curve QC criteria met?     
3. Was all continuing calibration criteria in control?  

 
 
 

 
 

 
 

4. Did any sample exceed the highest calibration standard?     
 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

5. Did LCS or blank spike meet control limits?  
 

 
 

 
 

 
 

6. Did MS/MSD meet control limits?     
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

    

8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

9. Was hot plate temperature monitored/documented and did you 
 apply the thermometer correction factor? 

    

10. Sample preparation information is correct and complete.     
11. Analytical results are correct and complete.  

 
 
 

 
 

 
 

12. The appropriate SOP's have been used and followed.     
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

    

15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

    

 
 

Comments on any "No" response: 

  Analyst:  Date:  
   

Second-Level Review:  Date:  
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APPENDIX I 
 

Preparation Method for Calibration Standards 
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Changes Summary 
 
Revision 04, 08/30/2010 

• The SOP is an update from Revision 03 dated 12/19/08 
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FLASHPOINT/IGNITABILITY 
SW846 Method 1010A 

 
 
I. SCOPE AND APPLICATION: 
 

A. The Pensky-Marten closed cup tester is used to determine the Flashpoint of liquids. 
 
II. METHOD SUMMARY: 
 

A. The sample is heated at a slow, constant rate with continual stirring.  A small flame is directed into the 
cup at regular intervals with simultaneous interruption of stirring.  The flash point is the lowest 
temperature at which application of the test flame ingintes the vapor above the sample.  Sample results 
are corrected for ambient barometric pressure after determination. 

 
III. SAMPLING HANDLING AND PRESERVATION: 
 

A. Store samples at 4 oC.  Some samples may require freezing before the test can be accurately measured. 
 
 
IV. INTERFERENCES: 
 

A. None. 
 
V. EQUIPMENT/APPARATUS: 
 

A. Pensky-Marten closed cup tester with stirring mechanism. 
 
B. Propane. 

 
C. Thermometer capable of reading in 0.5 oC from -5 to 110 oC.  ASTM 9 C. 
 Thermometer capable of reading in 2.0° C from 90 to 370° C.  ASTM 10 C. 
 
D. Igniter. 

 
VI. REAGENTS: 

 
A. p-Xylene, neat liquid. 

 
 

VII. PROCEDURE: 
 

A. Fill the test cup with sample up to the line engraved on the inside of the cup. 
B. Place the cup in the heater. 
C. Heat the sample at a slow, constant rate. 
D. Test for a flash by placing the ignition source into the vapor above the sample. 
E. Continue to test for a flash every 2 oC until either the sample flashes or the temperature of the sample 

reaches 100 oC. 
 

VIII. CALCULATIONS: 
The barometric pressure is read on a digital barometer which measures in inches mercury.  Remember to 
convert to millimeters mercury using the following constant:  
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   1 inch Hg = 25.4 mm Hg 
 

Observe and record the ambient barometric pressure at the time of the test.  When the pressure differs 
from 101.3 kPa (760 mm Hg), correct the flash point as follows: 
 
  Corrected flash point = C + 0.033 (760 - P) 
Where: 
 
C = observed flash point,  °C, 
P = ambient barometric pressure, mm Hg 
 
Note:  Aneroid barometers, such as those used at weather stations and airports , are precorrected to give 
sea level readings and would not give the correct reading for this test 
 

IX. QUALITY CONTROL: 
 

A. The Flashpoint of the p-xylene should be determined at the beginning and end of each set of 20 or less 
samples.  The p-xylene should flash at 27.2 oC with control limits of 
+/-1.1 oC. 
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Changes Summary: 

 

Revision Date: 03/25/2010 

 

• The SOP has been reviewed for accuracy and completeness.  No changes have been made. 
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DISTILLATION OF CYANIDE, TOTAL AND AMENABLE 

 

REFERENCE:  

SW846 METHOD 9012A, USEPA Methods 335.1, 335.4, Standard Methods SM 4500-CN C,G, 18
th

, 

19
th

 ED. / CLP ILMO 4.1 

See Addendum for USEPA CLPILM 05.2 (Aqueous, Soil/Sediment) 

 

 

I. SCOPE AND APPLICATION 

 

A. This method is applicable to the distillation of cyanide from drinking, surface, and saline 

waters, domestic and industrial wastes, and soil/sediments. 

 

B. The limit of detection for waters is 0.0050 mg/L and the limit of quantitation is 0.010 mg/L.  

The limit of detection for soils is 0.13 mg/kg and the limit of quantitation is 0.25 mg/kg. 

 

II. SUMMARY OF METHOD 

 

 A. The cyanide as hydrocyanic acid is released from cyanide complexes by means of a reflux 

distillation operation, and absorbed in a scrubber containing sodium hydroxide solution.  The 

cyanide ion in the absorbing solution is then determined colorimetrically. 

 

 B. Cyanide is defined as cyanide ion (CN-) and complex cyanides converted to hydrocyanic 

acid (HCN) by reaction in a reflux system of a mineral acid in the presence of magnesium ion. 

 

III. SAMPLE HANDLING AND PRESERVATION 

 

A. The sample should be collected in plastic or glass bottles of 100 mLs.  All bottles must be 

thoroughly cleansed and thoroughly rinsed to remove soluble material from containers. 

 

B. Oxidizing agents such as chlorine decompose most of the cyanides.  Test a drop of the sample 

with potassium iodide-starch test paper (KI starch paper); a blue color indicates the need for 

treatment.  Add ascorbic acid, a few crystals at a time, until a drop of sample produces no color 

on the indicator paper.  Then add an additional 0.06 g of ascorbic acid for each liter of sample 

volume. 

 

C. Samples (not including soils/sediments) must be preserved with 2 mL of ten normal sodium 

hydroxide per liter of sample (pH >12) at time of collection. 

 

D. Samples should be analyzed as rapidly as possible after collection.  If storage is required, the 

samples should be stored in a refrigerator to maintain temperature at 4°C. 

 

E. The holding time for cyanide is 14 days counting the day of sampling as the first day.  This 

applies for soils as well as waters.  Samples must be distilled and analyzed within 14 days of 

sampling. 

 

IV. INTERFERENCES 
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A. Interferences are eliminated or reduced by using the distillation procedure. 

 

B. Sulfides adversely affect the colorimetric procedures.  Samples that contain hydrogen sulfide, 

metal sulfides, or other compounds that may produce hydrogen sulfide during the distillation, 

must be treated by adding lead acetate, or if the sulfide concentration is too high, add powdered 

lead carbonate [Pb(CO3)2] to avoid significantly reducing pH.  Repeat test until a drop of 

treated sample no longer darkens the acidified lead acetate test paper.  Filter sample before 

raising pH for stabilization.   

 

C. High results may be obtained for samples that contain nitrate and/or nitrite.  During the 

distillation, nitrate and nitrite will form nitrous acid, which will react with some organic 

compounds to form oximes.  These compounds once formed will decompose under test 

conditions to generate HCN. Nitrate and nitrite interference is eliminated by adding 0.5 ml of 

sulfamic acid solution (VII.A.7) before distillation. 

 

D. The presence of surfactants may cause the sample to foam during refluxing.  If this occurs, the 

addition of an agent such as Dow Corning 544 antifoam agent will prevent the foam from 

collecting in the condenser. 

 

V. SAFETY 

 

A. CAUTION:  KCN is highly toxic.  Avoid contact with standard solutions. 

 

B. If an alkaline solution containing simple cyanide is acidified, the simple cyanide will be 

released. 

 

C. The toxicity or carcinogenicity of each reagent used in this method has not been fully 

established.  Each chemical should be regarded as a potential heath hazard and exposure 

should be as low as reasonably achievable.  Cautions are included for known extremely 

hazardous materials or procedures. 

 

D. Your laboratory manager and/or Safety Officer is responsible for maintaining a current 

awareness file of OSHA regulations regarding the safe handling of the chemicals 

specified in this method.  A reference file of Material Safety Data Sheets  (MSDS) are 

made available to all  personnel involved in the chemical analysis. A formal safety plan is 

also available.  Use proper personal protection equipment, PPE, such as safety glasses, 

gloves and laboratory coats should be warn when handling samples and chemicals. 

 

 

VI. EQUIPMENT/APPARATUS  

 

A. Reflux distillation apparatus is a midi-distillation apparatus which uses Hammett Scientific 

Glassware Note:  This glassware is made to fit our specific block digester for cyanide.  

Glassware orders must be made in advance since they are not made until ordered. 
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VII. REAGENTS AND STANDARDS PREPARATION 

 

A. Reagents 

 

1. Sodium Hydroxide, 0.25N:  Dissolve 10 g grams of NaOH in DI water and dilute to 1 liter 

with DI water.  Store in a labeled plastic container at room temperature. 

 

2. Sulfuric Acid 1:1:  Slowly add 500 mL of concentrated H2SO4 to 500 mL DI water.  Use 

caution because solution will become extremely hot!!  Allow to cool while continuing to 

stir.  Store in a labeled container at room temperature. 

 

4. Magnesium Chloride Solution:  Weigh 510 g of MgCl2•6H2O into a 1 liter flask; 

dissolve and dilute to 1 liter with DI water. Store in a labeled plastic container at room 

temperature. 

 

5. Chlorine Bleach Made with Sodium Hypochlorite, such as Chlorox. 

 

6. Rhodanine Indicator: 

Dissolve 20 mg of p-dimethyl-amino-bensalrhodanine in 100 mL acetone. 

 

7. Sulfamic Acid:  Dissolve 40 g of sulfamic acid in DI water, dilute to 100 mL (saturated 

solution).  NOTE:  When making this reagent for use with the maxi-distillation system the 

40 g of sulfamic are diluted to one liter with DI water 

 

8. Phenolphthalein solution:  Commercially prepared. 

 

9. Lead Acetate Test Paper:  Commercially prepared. 

 

10. Acetate  Buffer Solution, pH 4.0:  Dissolve 146g anhydrous NaC2H3O2, or 243 g 

NaC2H3O2.3H2O, in 400 mL distilled water, add 480 g conc. acetic acid, and dilute to 1 L 

with chlorine-demand-free water. 

 

11.  Lead Acetate 

 

12. Powdered Lead Carbonate [Pb(CO3)2]   

 

B. Standards 

 

1. Traceability 

 

a. All reference materials must be recorded in Element and given an element 

identification number.  The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  These 

materials/solutions are to be identified by a unique number in Element as well as on the 

container's label. 

 

b. All working standards made from reference materials shall be labeled with a unique ID 

number from Element with complete information on preparation date, concentration of 
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each compound, solvent, preparer's name, expiration date.  Reagents shall be labeled 

with date received and expiration date, if applicable.  All of the information described 

above shall also be recorded in Element.  Measurements made during standards 

preparation (e.g., from weighing operations, volume diluted to, etc.)  shall also be 

recorded on the bench sheet.  There should be no container with sample, sample 

extract, standard solution, etc. that is not correctly labeled and properly stored. 

 

 

2. Preparation 

 

a. Stock Cyanide Solution at 1000 mg/L: Commercially prepared. 

 

b. Working Standard Cyanide Solution:  Prepare fresh daily by diluting 1 mL of stock 

cyanide solution to 100 mL in a volumetric flask with using 0.25N NaOH as diluent.  

1 mL - 10 µg CN.  Record the preparation in Element. 

 

c. Performance Evaluation (PE) samples which we have analyzed and received true 

values for are used for the Laboratory Control Samples.  These PE samples are given a 

unique identifier and all information such as expiration date (typically one year from 

the date made), source, concentration and preservation are recorded in Element and the 

Element # assigned is used to label this PE sample and is used on all data to trace it 

back to its source and true concentration.  

 

VIII. CALIBRATION 

 

A. Not applicable.  See SOP-175 “POST DISTILLATION ANALYSIS OF CYANIDE BY THE 

LACHAT” for analysis.  

 

 

IX. PROCEDURE 

 

A. Pretreatment for cyanides amenable to chlorination 

 

1. Two sample aliquots are required to determine cyanides amenable to chlorination.  Place 

one 25 mL aliquot or a volume diluted to 25 mL, in a 100 mL beaker, under the hood, add 

a stirring bar, and place on a magnetic stirrer, and start stirring bar turning. 

 

2. Check pH and adjust to between 11 and 12 units, with 1.25N NaOH.  Use NaOH pellets if 

solution is highly buffered. 

 

3. Add sodium hypochlorite chlorine bleach (Chlorox) solution dropwise until a drop of well-

mixed sample turns KI starch paper a distinct blue color.  Add about 10 drops excess 

bleach.  (Caution:  the initial reaction product of alkaline chlorination is the very toxic gas 

cyanogen chloride.)  Maintain this excess for one hour, continuing agitation.  Check 

periodically during the hour (15 minute intervals) to make sure an excess is maintained.  If 

necessary, add additional hypochlorite bleach solution.  Also check the pH and adjust back 

up to 11 to 12 units if necessary. 
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4. After one hour, add 0.025 g portions of ascorbic acid until KI starch paper shows no 

residual chlorine.  Add an additional 0.025 g of ascorbic acid to ensure the presence of 

excess reducing agent. 

 

5. Turn off stirring plate and remove stirring bar.  Proceed with distillation as in the 

procedure. 

 

6. Test for total cyanide in both the chlorinated and unchlorinated aliquots.  (The difference of 

total cyanide in the chlorinated and unchlorinated aliquots is the cyanide amenable to 

chlorination.) 

 

B. Spikes and high and low check standards 

 

1. Spikes:  Matrix spikes are prepared by diluting 2.5 mL of the  High DCV solution in #3 

below, to 25 mL with sample (adding 22.5 mL of sample and 2.5 mL of DCV high to the 

distillation tube).  The concentration of this spike is 0.10 mg/L.  

 

2. Low Distilled Check standard (low DCV).  Dilute 2.0 mL of the 10 mg/L working 

standard to 100 mLs in a volumetric flask.  Then dilute 6.0 mLs of this solution to 25 mLs 

with 0.25N NaOH, to make a 0.048 mg/L standard. 

 

3. High Distilled Check standard (high DCV).  Dilute 10 mLs of the 10 mg/L working 

standard to 100 mLs in a volumetric flask with DI water.  Then dilute 5 mLs of this 

solution to 25 mLs with 0.25N NaOH,  to make a 0.20 mg/L standard. 

 

C. Distillation 

 

1. For Waters:  Place 25 mL of sample, or an aliquot diluted to 25 mL, in a sample tube.  0.25 

N NaOH must be used for all sample dilutions following the distillation. 

 

2. For Soils or Sludges:   

 

a.) It is extremely important that waste (when appropriate), soil and sediment samples be 

mixed thoroughly to ensure that the sample is as representative as possible of the 

sample media.  The most common method of mixing is referred to as quartering.  The 

quartering procedure should be performed as follows: 

 

• The material in the sample pan(inorganic-plastic/organic-aluminum)  should be 

divided into quarters and each quarter should be mixed individually. 

• Two quarters should then be mixed to form halves. 

• The two halves should be mixed to form a homogenous matrix. 

                  

This procedure should be repeated several times until the sample is adequately mixed. 

 

NOTE:  Samples that are clay type materials should be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to most 

anything that touches it, another approach must be followed.  Obtain a 
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representative sub-sample aliquot from the center or middle section of the sample 

container. 

 

b.) Accurately weigh a representative 1-g minimum (record actual weight) portion of wet-

weight sample (unless there are project-specific requirements where a lower detection 

limit is required) and transfer it to a sample tube.  Add 25 mL of 0.25 N NaOH.  Shake 

or stir the sample so that it is dispersed. 

 

3. Add one drop of Phenolphthalein solution  to verify preservation.  A positive test is 

indicated by a bright pink color.  If not add a small amount of NaOH.  

 

4. To test for sulfide, place a drop of sample on lead acetate paper, previously moistened with 

acetic acid buffer solution (pH 4).  A positive test is indicated by a black color on the 

paper.    

 

a.) If positive the sample will need to be filtered through 934AH filter paper. (4.5cm size)  

The filtrate will be treated and the filter added back to the treated filtrate before 

distillation. 

 

b.) Treat filtrate with powdered lead carbonate [Pb(CO3)2].  Repeat test until a drop of 

treated sample no longer darkens the acidified lead acetate test paper. 

 

c.) Filter the resulting precipitate (should form a lead sulfide which will be black in 

appearance). 

 

d.) Once the filtrate is treated and filtered, the filter with the original solids from the 

pretreated sample will be added back to the treated filtrate and then distilled. 

 

5. Add 25 mL of sodium hydroxide solution 0.25N to the absorber and assemble the 

apparatus as shown in Fig. 1. 

 

6. Start a slow stream of air entering the boiling flask by adjusting the vacuum source.  Adjust 

the vacuum such that air bubbles from the thistle tube in the flask at a rate of 3 to 5 per 

second. 

 

Note: The bubble rate will not remain constant after the reagents have been added and 

while heat is being applied to the flask.  It may be necessary to readjust the air 

rate occasionally to prevent the solution in the sample tube from boiling and 

spewing out  through the thistle tube. 

 

7. Turn on condenser water. 

 

8. Add 0.5 mLs of sulfamic acid through the thistle tube. 

 

9. Slowly add 2 mL 1:1 H2SO4 through the thistle tube. 

 

10. Add 2 mL 2.5 M MgCl2 through the thistle and rinse it down with deionized water. 
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11. Reflux at 100°C for 90 minutes, turn off heat, allow to cool with pump on for 15 minutes. 

 

12. Disconnect absorber and transfer the solution from the absorber into a storage container. 

 

14. Record distillation information in the distillation log.  Include date, analyst, sample 

number, client, matrix, position, sample mass / volume, distillation time, cool down time, 

when transferred to analyst, when analyzed. 

 

X. CALCULATIONS 

 

A. Sample volumes / masses must be recorded accurately in the distillation log to allow the 

analyst to correctly calculate the final concentration of cyanide correctly. 

 

XI. DISTILLATION GLASSWARE CLEANING & LABELING  

 

A. The distillation glassware is cleaned thoroughly with hot soapy water between distillations. 1:1 

HCl is aerated through the frits on the block to ensure that the frits are clean.  Deionized water 

is forced up through the glassware to rinse it.  The cold fingers are dipped in mild acid, rinsed 

and wiped off.  

 

B. All glassware must be labeled and each position’s label must be recorded in the distillation log 

with the sample that was distilled in that particular vessel. 

 

C. When sample concentrations are at or exceed 1000 mg/L a deionized water blank must be 

distilled in the exact glassware used for that sample before processing any other client’s 

sample to ensure that the glassware is cleaned and has no residual cyanide to carryover. 

 

XII. QUALITY CONTROL 

 

A. With each distillation batch of samples (maximum of 20 samples) a preparation blank (BLK) 

must be distilled.   

 

B. Each distillation batch of aqueous samples requires a laboratory control sample (BS) each 

day or per 20 samples whichever is more frequent.  Under CLP the BS serves as the 

distilled ICV.   

 

C. With each distillation batch of soil samples a soil BS (boiling chips are used) each day or per 

20 samples whichever is more frequent.   

 

D. A high and low check standard ( DCV/ICV) must be distilled each day or per 20 samples 

whichever is more frequent.  A non-distilled check standard must be prepared daily.  This will 

be used to verify the preparation of the DCV if the DCV results are outside the specification 

limits. Under CLP the aqueous BS serves as the ICV. 

 

E. A sample spike (MS) and sample spike duplicate (MSD) are performed with each set of twenty 

samples.  CLP requires 1 duplicate and 1 spike per batch.  All QC samples should be taken 

through the whole procedure including distillation.  Spikes are added to the boiling flask in the 

same manner as standards adding 25 mL of samples or a dilution as used for the unspiked 
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sample.  Spike concentration is listed in the method.  The addition of the spiking solution must 

be witnessed and such must be noted in the digestion log.   

 

XIII. CORRECTIVE ACTION 

 

A. If any problems, such as low or high recovery for check standards or BSs occur, contact the 

Group Leader.  Problems most frequently encountered (for the distillation procedure) are listed 

below. 

 

B. Recoveries are affected in various ways. 

 

1. If the spiking solution is not prepared properly (e.g., making the proper dilutions), the 

check standard will be out of control.  Caution should be used in calculating the dilution 

and performing the pipetting. 

 

2. Also, the air flow from the vacuum pumps can cause low recovery.  Pay attention to the air 

flow (it should be in the area of 1 to 2 bubbles per second).  If it is too great the HCN does 

not have an adequate amount of time to be absorbed by the NaOH solution. 

 

3. If the heating block is not heating properly, this will also lead to low recovery.  During the 

distillation, periodically check the sample tubes for the presence of heat (tubes should be 

very hot to the touch). 

 

4. The addition of all reagents, including the spiking solution, is essential.  Without the 

MgCl2, 1:1 H2SO4, or spiking solution, the percent recovery will suffer greatly for 

complex cyanide.  The recovery of simple cyanides will usually be unaffected. 

 

5. If the volume of 0.25 N NaOH and reagent water is not accurate in the NaOH absorber 

tubes, low recoveries will usually occur.   

 

B. Spike recoveries are affected in similar ways.  Refer to the above suggestions.  Also, if 

possible, do not spike a sample that is known to be high in cyanide.  This may cause recovery 

and calculation problems. 

 

XIV. WASTE DISPOSAL and POLLUTION PREVENTION 

 

Please see Waste Disposal SOP-405, for instruction of proper disposal of waste generated from 

this area. Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should reflect 

anticipated usage and reagent stability. 
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Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 

 

The following is a list of changes for sample preparation when the 5.2 statement of work is required: 

 

1. The ICV shall be distilled. 

 

2. Boiling chips are to be added to each sample. Midi-Distillation is reflux 1.5 hours then the heat and 

vacuum is turned off and the samples cool an additional 15 minutes. 

 

3. The QC criteria for both the Distillation  Check QC  and the distilled ICV is ±15%. 

 

4. A CRI is required at the beginning and end of each run and for every 20 samples.  The QC criteria for 

the CRI is ±30%. 

 

5. Rounding rule for the appropriate level of precision is that the figure following those to be retained is 

> 5, round up: otherwise round down. (examples: 1.5 and 2.5 would be 2 and 3 respectively rounded 

up; 1.4 and 2.4 would be 1 and 2 respectively rounded down)  Please see Exhibit B, Section 3, ( 

3.3.9.1) of SOW ILM0 5.2 for more guidance on rounding significant figures. 

 

 

XV. DEFINITIONS 

 

See SOP-431 for a list of definitions 
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Changes Summary 
 
Revision 08, 11/30/2010 

• The SOP is an update from Revision 07 dated 12/19/08. 
• Updated to replace change LCS to BS and method blank to BLK. 
• References to the laboratories QS SOPs have been added. 
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PHENOL AND PHENOLIC MATERIALSDISTILLED WATER SAMPLESMethods: EPA 420.2/420.4, 
SW846 9066, LACHAT 10-210-00-1-A 

I. SCOPE AND APPLICATION 
 

A. The method is applicable to the analysis of drinking, surface and saline waters, domestic and industrial 
wastes. 
 

B. The method is capable of measuring phenolic materials from 10 to 500 ug phenol/L in the aqueous phase 
using phenol as a standard.  The method detection limit or limit of detection is 10 ug phenol/L and the 
reporting limit or limit of quantitation is 30 ug phenol/L.  Approximately 90 samples per hour can be 
analyzed. 

 
II. PRINCIPLE 

 
Volatile phenolic compounds are separated from the sample matrix by distillation.  The distillate is collected and 
analyzed.  Phenol, ortho- and meta-substituted phenols, and para-substituted phenols where the para- group is 
carboxyl, a halogen, a methoxyl, or a sulfonic acid group are all determined by reaction with 4-aminoantipyrine.  
Not determined are para-cresol, and other para- substituted phenol where the para- group is an alkyl, an aryl, a 
nitro, a bezoyl, a nitroso, or an aldehyde group. 

 
III. SUMMARY OF METHOD 
 

A. The method is based on the distillation of phenol and subsequent reaction of the distillate with alkaline 
ferricyanide and 4-aminoantipyrine to form a red complex which is measured from 500 to 520nm. 

 
B. Color response of phenolic materials with 4-aminoantipyrine is not the same for all compounds.  Because 

phenolic type wastes usually contain a variety of phenols, it is not possible to duplicate a mixture of 
phenols to be used as a standard.  For this reason, phenol has been selected as a standard and any color 
produced by the reaction of other phenolic compounds is reported as phenol.  This value will represent 
the minimum concentration of phenolic compounds present in the sample. 

 
C. Reduced volume versions of this method that use the same reagents and molar ratios are acceptable 

provided they meet the quality control and performance requirements stated in the method. 
 

D. Limited performance based method modifications may be acceptable provided they are fully documented 
and meet or exceed requirements expressed in section 9.0, Quality Control. 

 
E. Laboratory Quality System SOP QS08 “Technical / Operational Definitions, Minimum Essential Quality 

Control Elements, and Laboratory Calibration Procedures” provides information on calibrations and 
commonly used definitions. 

 
IV. INTERFERENCES 
 

A. Distillation removes all non-volatile interferences.  Interference from sulfur compounds is removed by adding 
phosphoric acid to the sample to pH less than 4, and then aerating briefly by stirring. 

 
B. Oxidizing agents, such as chlorine, will oxidize phenols.  If oxidizing agents are present, remove them 

immediately after sampling by adding excess iron (II) sulfate (FeSO4). 
 
C. Oils and tars can be removed prior to distillation by extraction with chloroform (CHCl3).  Adjust the sample 

pH to 12 to 12.5 by adding NaOH pellets, and then extract the oil or tar with a 50 mL portion of chloroform.  
Remove the chloroform layer and evaporate the excess chloroform in the aqueous layer by gently warming 
the aqueous layer. 

 
V. SAMPLE HANDLING AND PRESERVATION 
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A. Biological degradation is inhibited by the addition of concentrated sulfuric acid to a pH of <4.  Samples must 

be collected in 1 liter glass (only) bottles.  The sample must be kept at 4°C until distilled and after distillation 
unless it is to be colored that day. 

 
B. Phenol holding time is 28 days, counting the day it is sampled.   

 
VI. DEFINITIONS 

 
A. ANALYTICAL BATCH-The set of samples extracted /distilled/ or digested at the same time to a 

maximum of 20 samples. 
B. CALIBRATION BLANK (CB)- A volume of reagent water in the same matrix as the calibration 

standards, but without the analyte. 
C. CALIBRATION STANDARD (CAL)- A solution prepared from the primary dilution standard solution or 

stock standard solutions.  The CAL solutions are used to calibrate the instrument response with respect to 
analyte concentration. 

D. FIELD BLANK (FMB)- An aliquot of reagent water or equivalent neutral reference material treated as a 
sample in all aspects, including exposure to a sample bottle holding time, preservatives, and all 
preanalysis treatments.  The purpose is to determine if the field or sample transporting procedures and 
environments have contaminated the sample. 

E. FIELD DUPLICATE (FD)- Two samples taken at the same time and place under identical circumstances 
which are treated identically throughout field and laboratory procedures.  Analysis of field duplicates 
indicates the precision associated with sample collection, preservation, and storage, as well as with 
laboratory procedures. 

F. LABORATORY BLANK (LRB)- An aliquot of reagent water or equivalent neutral reference material 
treated as a sample in all aspects, except that it is not taken to the sampling site.  The purpose is to 
determine if the analytes or interferences are present in the laboratory environment, the reagents, or the 
apparatus. 

G. LABORATORY CONTROL SAMPLE (LCS)- A solution prepared in the laboratory by dissolving a 
known amount of one or more pure compounds in a known amount of reagent water.  It’s purpose is to 
assure that the results produced by the laboratory remain within the acceptable limits for precision and 
accuracy.  (This should not be confused with a calibrating standard, it must be prepared from a source 
other than the same source as the calibration standards). 

H. LABORATORY DUPLICATE (LD)-  Two aliquots of the same environmental sample treated identically 
throughout a laboratory analytical procedure.  Analysis of laboratory duplicates indicates precision 
associated with laboratory procedures but not with sample collection, preservation, or storage procedures. 

I. QUALITY CONTROL CHECK SAMPLE (QCS)- A sample containing analytes of interest at known 
concentrations (true value) of analytes.  The QCS is obtained from a source external to the laboratory or is 
prepared from standards obtained from a different source than the calibration standards.  The purpose is to 
check laboratory performance using test materials that have been prepared independently from the normal 
preparation process. 

J. METHOD DETECTION LIMIT (MDL)-  The lowest level at which an analyte can be detected with 99 
percent confidence that the analyte concentration is greater than zero. 

 
VII. PREPARATION OF REAGENTS 
 
 Use deionized water (10 mega-ohm) for all solutions. 
 
 Reagent 1.  1 + 9 Phosphoric Acid Solution 
 
 By Volume:  In a 100 mL volumetric flask, dilute 10 mL of 85 percent phosphoric acid (H3PO4).  Stir or 

shake to mix. 
 
 Reagent 2.  10 Percent Copper Sulfate Solution 
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 Dissolve 100 g copper sulfate pentahydrate (CuSO4-5 H2O) in 1 L water.  Stir or shake to mix. 
 
 Reagent 3.  1 M Sodium Hydroxide Solution 
 
 To 1 kg or 1 L water, add 40.0 g sodium hydroxide (NaOH).  Shake to dissolve.  Store in a plastic container. 
 
 Reagent 4.  4-Aminoantipyrine Color Reagent 
 
 In a 250 mL volumetric flask, or in a tared, 250 mL container, dissolve 0.16 g 4-aminoantipyrine (Aldrich A3, 

930-0, Sigma A4382, or equivalent) in 250 mL or g water.  Prepare fresh daily. 
 

Reagent 5.  Buffered Potassium Ferricyanide, pH 10.3 
 
 By Volume:  In a 1 L volumetric flask, dissolve 2.0 g potassium ferricyanide [K3Fe(CN)6], 3.1 g boric acid 

(H3BO3) and 3.75 g potassium chloride (KCl) in about 800 mL water.  Add 47 mL 1 M sodium hydroxide 
(Reagent 3) and dilute to the marker.  Invert three times to mix.  Prepare fresh every 3 months. 

 
VIII. PREPARATION OF STANDARDS 
 
 Because the relative amounts of various phenolic compounds in a given sample are unpredictable, it is not 

possible to provide a universal standard containing a mixture of phenols.  For this reason, phenol (C6H5OH) itself 
has been selected as a standard for this method.  Any color produced by the reaction of other phenolic compounds 
is reported as phenol.  Because this substitution generally reduces response, this value represents the minimum 
concentration of phenolic compounds. 

 
 Standard 1.  Stock Standard 1,000 mg phenol/L 
 
 By Volume:  In a 1 L volumetric flask add about 500 mL DI water, 1.0 g anhydrous copper sulfate (CuSO4), 

0.5 mL 85 percent phosphoric acid, (H3PO4), and 1.0 g phenol (C6H5OH).  Dilute to the mark with water, 
dissolving the phenol. 

 
 Standard 2.  Intermediate Stock Standard 5.00 mg phenol/L 
 
 By Volume:  In a 1 L volumetric flask, add 5.00 mL Stock Standard (Standard 1) and dilute to the mark with 

water.  Invert to mix.  Chill @ 4°C and prepare fresh every 6 months. 
 
  Set of Six Working Standards:  (see note on next page) 
 
 0.50 0.25 0.10 0.050  mg phenol/L 
 

By Volume:  To four 100 mL volumetric flasks add, respectively, exactly 
 
 10.0 5.00 2.00 1.00  mL of 5.0 mg/L 
  
 By Volume:  To two 100 mL volumetric flasks add, respectively, exactly 
 

10.0 0.00  mL of 0.10 mg/L 
 

of the Intermediate Stock Standard (Standard 2).  Dilute each to the mark with DI water and invert three 
times. 

 
 If samples always fall within a narrower range, more standards within this narrower range can be added and 

standards outside this narrower range can be dropped.  
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The standards can be made up differently from the suggested volumes.  For example: 
 

10 mls of 5.0 mg/L working standard → 100 mls = 0.50 mg/L standard 
 
2 mls of 5.0 mg/L working standard → 100 mls = 0.20 mg/L standard 
 
10 mls of 0.50 mg/L working standard → 100 mls = 0.05 mg/L standard 
 
10 mls of 0.10 mg/L working standard → 100 mls = 0.01 mg/L standard 
 
10 mls of 0.05 mg/L working standard → 100 mls = 0.005 mg/L standard 

 
 These standards should be made up fresh daily. 
 
IX. TIMING 
 
 Sample throughput:  90 samples/h; 40 s/sample 
 Pump speed:  35 
 
 Cycle period:  40 s 
 Inject to start of peak period:  14 s 
 
X. SYSTEM NOTES 
 
 System IV Gain:  210 x 10 
 
 Presentation, Data Window 
 
 Top scale response:  0.05 abs 
 Bottom scale response:  0.00 
 
 Results/Approval, Reports 
 
 In the default RDF, change: 
  Set Default Chord 0 
  to 
  Set Default Chord 3 
 (Peak should be centered in Chord 3) 
 This change must be made to both the sample and the calibration RDFs. 
 
 Segment/Boundaries 
 
 A - 0.50 mg 
 D - 0.010 mg 
 F - 0.00 mg 
 
Carrier and diluent is helium degassed water. 
 
 1" is 70.0 cm of tubing on a 1 inch coil support 
 4" is 255 cm of tubing on a 4 inch coil support 
 
 Apparatus:  Standard valve, flow cell, and detector head modules are used. 
 
 All manifold tubing is 0.8 mm (0.032 inches) i.d.  This is 5.2 uL/cm. 
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 Notes:  Transmission tubing should be replaced with 1 m of Teflon manifold tubing (0.8 mm i.d.) as 
transmission tubing may contain leachable phenolics.  Use Teflon tube connectors (Lachat part No. 50008) 
with PTA as line weights with pin removed. 

 
 Manifold Diagram Revision Date:  29 October, 1991 found in section 17.3, p.16 of Lachat method. 
 
XI. CALCULATIONS: 
 

Using the data system prepare the calibration curve plotting area, or peak heights against concentrations.  
Calculate sample concentration using the calibration curve/data system.  Quality Systems SOP QS09 “General 
and Commonly used Laboratory Calculations” provides details on general calculations used throughout the 
laboratory. 
 

XII. REFERENCES 
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3. Code of Federal Regulations, Part 136.3 (7-1-88), Table 1B, Footnote 25. 
 
4. Code of Federal Regulations 40, Ch. 1 , Pt. 136, Appendix B. 
 
5. U.S. Environmental Protection Agency, “Methods for the Determination of Inorganic Substances in 

Environmental Samples”, EPA/600/R-93/100, August 1993, Method 420.1. 
 

6. Gales, M.E. and Booth, R.L., “Automated 4 AAP Phenolic Method”, AWWA 68, 540 (1976). 
 

7. Environmental Monitoring Systems Laboratory, office of research and development U.S. Environmental 
protection agency Cincinnati, Ohio 45268.   

 
XIII. QUALITY CONTROL 
 

A. Analyze a BLK and an BS (which is distilled) every 20 samples or once  daily whichever comes first.   
  

B. Distill duplicate spikes every 20 samples.  (For the direct method this is achieved by adding 20 mls of 
5.0 ppm std to 200 mls of sample which makes a 0.2 ppm spike when brought up to 500 mls volume.) 

  
C. Calibration verification is required every 10 samples and if the calibration check standard does not meet 

+10 percent of the curve value or the BS does not fall within the control limits, (normally 80 to 120) 
corrective action must be taken before analysis proceeds. 

 
D. Corrective Action:  Contaminated blanks, out-of-range LCS's, and spikes that do not fall within 75 to 

125 percent range would necessitate an NCR.  Consult your supervisor for specific action. 
 
E. Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory Non-Conformance / 

Corrective Action Procedures, Decision Making Guidelines for Evaluating Laboratory Analytical Sample and 
Quality Control Results”, provides details on data assessment and acceptance criteria for Quality Control 
Measures.   

 
XIV. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
 



- 

- 
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1. ICV not within + 10% 
 
a. If the problem is with the solution. 

 
i. Re-prepare,  obtain new stock if necessary. 

 
b. If the problem is with the calibration. Recalibrate thru analysis of appropriate standards and recheck 

ICV. 
 

2. CCV not within + 10% 
 
a. If the problem is with the solution. 

 
i. Re-prepare, obtain new stock if necessary. 

 
b. If the problem is with the calibration. 

 
i. Recalibrate thru analysis of appropriate standards and re-prepare/reanalyze the previous ten 

sample according the following guidelines. 
 
a. If the CCV was biased high, any of the previous ten samples which were below the MDL do 

not require reanalysis. 
 
b. If the CCV was biased low, the previous ten samples must be re-analyzed. 
 

3.  CCB not >+ MDL (USACE)(For DOD QSM no analyte detected >LOD, frequency- beginning and 
ending a run and every 10 samples)or + RL. 
 
a. If the CCB is biased high. 

 
i. Any samples below the MDL or greater than 10X the CCB bias need not be reanalyzed. 
ii. Any samples above the detection limit but less than 10X the CCB level must be reanalyzed after 

the problem is corrected. 
 
b. If the CCB is biased low. 

 
i. Any samples greater than 10X the absolute CCB bias need not be reanalyzed. 
ii. All other samples must be reanalyzed after the problem is corrected. 

 
4. BS not within our in-house generated control limits ( or +20% ). 

 
a. If the problem is with the instrument. 

 
i. Reanalyze when instrument is in control. 

 
ii. If biased high, the impact upon the data user must be evaluated.  The samples will be re-extracted 

or the data will be qualified on the final report. 
 

B. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% 
 
i. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25% 
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i. If the analyte level in the sample is greater than 4X the spiking level, the %recovery can not be 

evaluated and no action is taken. 
 
ii. If the analyte level in the sample is not greater than 4X the spiking level, the associated sample data 

must be qualified on the final report. 
 
XV. HEALTH AND SAFETY 
 

A. Care should be used in handling all samples.  Safety glasses must be worn in the lab at all times.  The use of 
gloves and lab coats is highly recommended. 

B. Research into expected sample content and concentration should be done in order to be prepared for additional 
safety considerations.  Generally, any samples which need special consideration have applicable notes on the 
sample logs. 

C. MSDS sheets are available for all reagents and standards which have been purchased.  These are located on the 
bookshelf inside the Data Quality Managers office. 

 
XVI. POLLUTION PREVENTION 

 
A. Pollution prevention encompasses any technique that reduces or eliminates the quantity or toxicity of waste at 

the point of generation.  Numerous opportunities for pollution prevention exist in laboratory operation.  The 
EPA has established a preferred hierarchy of environmental management techniques that places pollution 
prevention as the management option of first choice.  Whenever feasible, laboratory personnel should use 
pollution prevention techniques to address their waste generation.  When wastes cannot be feasibly reduced at 
the source, the Agency recommends recycling as the next best option. 

 
B. Quantity of chemicals purchased should be based on expected usage during its shelf-life and the disposal cost 

of unused material.  Actual reagent preparation volumes should reflect anticipated usage and reagent stability. 
 
C. For information about pollution prevention that may be applicable to laboratories and research institutions, 

consult "Less is Better:  Laboratory Chemical Management for Waste Reduction," available from the 
American Chemical Society's Department of Government Regulations and Science Policy, 1155 16th Street 
N.W., Washington D.C. 20036, (202) 872-4477. 

 
XVII.   WASTE MANAGEMENT 

 

A. Laboratory SOP QS14 on Waste Handling discusses general guidelines for the appropriate handling of wastes 
and the laboratory program on waste management. 

B. The Environmental Protection Agency requires that laboratory waste management practices be conducted 
consistent with all applicable rules and regulations.  Excess reagents, samples and method process wastes 
should be characterized and disposed of in an acceptable manner.  The Agency urges laboratories to protect 
the air, water, and land by minimizing and controlling all releases from hoods and bench operations, 
complying with the letter and spirit of any waste discharge permit and regulations, and by complying with all 
solid and hazardous waste regulations, particularly the hazardous waste identification rules and land disposal 
restrictions.  For further information on waste management consult the "Waste Management Manual for 
Laboratory Personnel," available from the American Chemical Society at the address listed in Section 14.3 
from method 300.1. 

 

XVIII. METHOD PERFORMANCE 

A. The method support data are presented in section 17 of the Lachat method.  This data was generated 
according to a Lachat Work Instruction during development of the method. 
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B. Although Lachat Instrument publishes method performance data, including MDL, precision, accuracy and 
carryover studies, we cannot guarantee that each laboratory and instrument conditions, as well as laboratory 
technique, play a major role in determining method performance.  The support data serves as a guide of the 
potential method performance.  Some labs may not be able to reach this level of performance for various 
reasons, while other labs may exceed it. 
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Changes Summary 
 
Revision 07, 08/31/10 

• The SOP is an update from Revision 06 dated 12/22/08 
• Summarize changes here! 
• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, 
then the requirement is outlined and documented as such to be followed only when DoD 
samples are analyzed. 
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 METHOD 1311 
 
 TOXICITY CHARACTERISTIC LEACHING PROCEDURE 
 
 
1.0   SCOPE AND APPLICATION 
 
 1.1  The TCLP is designed to determine the mobility of both organic and inorganic analytes present 

in liquid, solid, and multiphasic wastes. 
 
 1.2  If a total analysis of the waste demonstrates that individual analytes are not present in the waste, 

or that they are present but at such low concentrations that the appropriate regulatory levels could 
not possibly be exceeded, the TCLP need not be run. 

 
 

2.0 SUMMARY OF METHOD  
 

2.1 For a highly liquid waste, determine if the percent dry solids is less than 0.5%. If so, the sample 
is filtered and the filtrate is treated as the extraction fluid. If not, the sample is reduced in size to 
pass through a 9.5 mm sieve. The percent wet solids are then determined. A 5 g and 100 g aliquot 
of wet solids are generated. The liquid phase for the 100 g aliquot is stored at 4 degrees Celsius. 
The 5 g aliquot is used to determine the appropriate extraction fluid. The 100 g aliquot is added 
to the extraction fluid and tumbled for about 18 hr's. The sample is filtered and the pH of the 
fluid is determined. An appropriate amount of the liquid phase is added to the extraction fluid 
and the sample is preserved according to the test, which will be performed. 

 
2.2 The TCLP extract for volatiles is analyzed by method 8260B according to SOP-202.  The TCLP 

extract for semivolatiles is subject to separatory funnel extraction by method 3510 according to 
SOP-300.  The TCLP extract for metals is divided for two separate digestions and analyses:  (a) 
mercury digestion and analysis by 7470A (SOP-103), and (b) ICP-metals digestion by 3010A 
(SOP-100) and analysis by 6010B (SOP-116). 

 
 

3.0 INTERFERENCES 
 
 3.1 Potential interferences that may be encountered during analysis are discussed in the individual 

analytical methods and related SOPs.  (See section 2.2) 
 
4.0 APPARATUS AND MATERIALS 
 

4.1 Agitation apparatus:  The agitation apparatus must be capable of rotating the extraction vessel in 
an end-over-end fashion at 30 + 2 rpm.  This rate is measured and recorded with each extraction  
or at least once per quarter to ensure accuracy of the equipment. 

 
4.2 Extraction Vessels 

 
  4.2.1 Zero-Headspace Extraction Vessel (ZHE).  The ZHE (depicted in Figure 2) allows for 

liquid/solid separation within the device, and effectively precludes headspace.  This type 
of vessel allows for initial liquid/solid separation, extraction, and final extract filtration 
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without opening the vessel.  The vessels shall have an internal volume of 500-600 mL, 
and be equipped to accommodate a 90-110 mm filter. The devices contain VITON®1 
O-rings which should be replaced frequently.   

 
   For the ZHE to be acceptable for use, the piston within the ZHE should be able to be 

moved with approximately 30 to 40 psi or less.  If it takes more pressure to move the 
piston, the O-rings in the device should be replaced.  If this does not solve the problem, 
the ZHE is unacceptable for TCLP analyses and the manufacturer should be contacted. 

 
   The ZHE should be checked for leaks after every extraction.  If the device contains a 

built-in pressure gauge, pressurize the device to 50 psi, allow it to stand unattended for 
10 minutes, and recheck the pressure.  If the device does not have a built-in pressure 
gauge, pressurize the device to 50 psi, submerge it in water, and check for the presence 
of air bubbles escaping from any of the fittings.  If pressure is lost, check all fittings and 
inspect and replace O-rings, if necessary.  Retest the device.  If leakage problems cannot 
be solved, the manufacturer should be contacted. 

 
   Some ZHEs use gas pressure to actuate the ZHE piston, while  others use mechanical 

pressure.  Whereas the volatiles procedure refers to pounds per square inch (psi), for the 
mechanically actuated piston, the pressure applied is measured in torque-inch-pounds.   

 
  4.2.2 Bottle Extraction Vessel.  When the waste is being evaluated using the nonvolatile 

extraction, a jar with sufficient capacity to hold the sample and the extraction fluid is 
needed.  Headspace is allowed in this vessel. 

 
   The extraction bottles may be constructed from various materials, depending on the 

analytes to be analyzed and the nature of the waste.  It is recommended that borosilicate 
glass bottles be used instead of other types of glass, especially when inorganics are of 
concern.  Plastic bottles, other than polytetrafluoroethylene, shall not be used if organics 
are to be investigated.   

 
 4.3 Filtration Devices:  It is recommended that all filtrations be performed in a hood or well 

ventilated area. 
 
  4.3.1 Zero-Headspace Extractor Vessel (ZHE): When the waste is evaluated for volatiles, the 

zero-headspace extraction vessel is used for filtration.  The device shall be capable of 
supporting and keeping in place the glass fiber filter and be able to withstand the 
pressure needed to accomplish separation (50 psi). 

 
   NOTE:   When it is suspected that the glass fiber filter has been ruptured, an in-line 

glass fiber filter may be used to filter the material within the ZHE. 
 
  4.3.2 Filter Holder:  When the waste is evaluated for other than volatile analytes, any filter 

holder capable of supporting a glass fiber filter and able to withstand the pressure needed 
to accomplish separation may be used.  Suitable filter holders range from simple vacuum 
units to relatively complex systems capable of exerting pressures of up to 50 psi or more. 

                                    
     1 VITON® is a trademark of Du Pont.  



- 
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 Vacuum filtration can only be used for wastes with low solids content (<10%) and for 
highly granular, liquid-containing wastes.  All other types of wastes should be filtered 
using positive pressure filtration.   

 
  4.3.3 Materials of Construction: Extraction vessels and filtration devices shall be made of inert 

materials which will not leach or absorb waste components.  Glass, 
polytetrafluoroethylene (PTFE), or type 316 stainless steel equipment may be used when 
evaluating the mobility of both organic and inorganic components.   

 
 4.4 Filters:  Filters shall be made of borosilicate glass fiber, shall contain no binder materials, and 

shall have an effective pore size of 0.6 to 0.8 µm (Whatman GF/F), or equivalent.  Pre-filters 
must not be used.  When evaluating the mobility of metals, filters shall be acid-washed prior 
to use by rinsing with 1N nitric acid followed by three consecutive rinses with deionized distilled 
water (a minimum of 1 L per rinse is recommended).  Glass fiber filters are fragile and should be 
handled with care. 

 
 4.5 pH Meters:  The meter should be accurate to + 0.20. 
 
 4.6 ZHE Extract Collection Devices: TEDLAR®2 bags are used to collect the initial liquid phase and 

the final extract of the waste when using the ZHE device, only when both liquid and solid phases 
exist.  Collect final extract in a 40 mL vial when only a solid phase exist. 

 
 4.7 ZHE Extraction Fluid Transfer Devices: Any device capable of transferring the extraction fluid 

into the ZHE without changing the nature of the extraction fluid is acceptable (e.g., a positive 
displacement or peristaltic pump, a gas tight syringe, pressure filtration unit (see Section 4.3.2), 
or other ZHE device). 

 
 4.8 Laboratory Balance:  Accurate to within + 0.01 grams may be used (all weight measurements are 

to be within + 0.1 grams). 
 
 4.9 Beaker or Erlenmeyer flask, glass, various sizes. 
 

4.10 Watchglass 
 

 4.11 Magnetic stirrer.  
 
5.0  REAGENTS 
 
 5.1 Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, it is intended that 

all reagents shall conform to the specifications of the Committee on Analytical Reagents of the 
American Chemical Society, where such specifications are available.  Other grades may be used, 
provided it is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

 

                                    
     2 TEDLAR® is a registered trademark of Du Pont. 
 



- 
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 5.2 Reagent Water.  Reagent water is defined as water in which an interferant is not observed at or 
above the method's detection limit of the analyte(s) of interest.  For nonvolatile extractions, 
ASTM Type II water or equivalent meets the definition of reagent water.  For volatile 
extractions, it is recommended that reagent water be generated by any of the following methods.   

  5.2.1 A water purification system may also be used to generate reagent water for volatile 
extractions. 

 
  5.2.2 Reagent water for volatile extractions may also be prepared by boiling water for 15 

minutes.  Subsequently, while maintaining the water temperature at 90 + 5 degrees C, 
bubble a contaminant-free inert gas (e.g. nitrogen) through the water for 1 hour.  While 
still hot, transfer the water to a narrow mouth screw-cap bottle under zero-headspace and 
seal with a Teflon-lined septum and cap. 

 
 5.3 Hydrochloric acid (1N), HCl, made from ACS reagent grade. 
 
 5.4 Nitric acid (1N), HNO3, made from ACS reagent grade. 
 
 5.5 Sodium hydroxide (15N), NaOH, made from ACS reagent grade. 
 
 5.6 Glacial acetic acid, CH3CH2COOH, ACS reagent grade. 
 
 5.7 Extraction fluid. 
 

   
  5.7.1 Extraction fluid #1: Add 11.4 mL glacial acetic acid to approximately 1800 mL DI water. 

Add 8.6 mL 15N sodium hydroxide and dilute to 2 L. Seal and invert four times. 
Determine the pH which should be 4.93 +/- 0.05.  Record in appropriate reagent log (RL) 
notebook. 

 
  5.7.2 Extraction fluid #2: Add 11.4 mL glacial acetic acid to approximately 1800 mL DI water 

and dilute to 2 L. Seal and invert four times. Determine the pH which should be 2.88 +/- 
0.05.  Record in appropriate reagent log (RL) notebook. 

 
  NOTE: All extraction fluids are purchased “certified” or prepared fresh and in volume quantity that 

matches the number of TCLP extractions to be performed on a given day.  The 
TCLP/SPLP log-book is used to record the fluid type of choice with indication of its 
traceability to the lot numbers of acetic acid and sodium hydroxide used. 

 
 5.8 Analytical standards shall be prepared according to the appropriate analytical method. 
 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING   
 
 6.1 Extreme care must be taken when taking samples. Samples should be collected using an 

appropriate sampling plan. 
 
 6.2 The TCLP may place requirements on the minimal size of the field sample, depending upon the 

physical state or states of the waste and the analytes of concern.  An aliquot is needed for 
preliminary evaluation of which extraction fluid is to be used for the nonvolatile analyte 
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extraction procedure.  Another aliquot may be needed to actually conduct the nonvolatile 
extraction.  If volatile organics are of concern, another aliquot may be needed.   

 
 6.3 Preservatives will not be added to samples before TCLP extraction. 
 
 6.4 For volatiles, the samples shall be collected and stored in a manner intended to prevent the loss of 

volatile analytes (e.g., samples should be collected in Teflon-lined septum capped vials and 
stored at 4°C.  Samples should be opened only immediately prior to TCLP extraction). 

 
 6.5 TCLP extracts should be prepared for analysis and analyzed as soon as possible following 

extraction.  Extracts must be spiked according to their prospective analytes before 
preservation.  Extracts or portions of extracts for metallic analyte determinations must be 
acidified with nitric acid to a pH < 2, unless precipitation occurs (see Section 7.2.14 if 
precipitation occurs).  Extracts or portions of extracts for volatile analyte determinations shall 
not be allowed to come into contact with the atmosphere (i.e., no headspace) to prevent losses.  
Preserve according to the analytical methods as referenced in 2.2. 

 
7.0 PROCEDURE 
 
 7.1 Preliminary Evaluations 
 
  Perform preliminary evaluations on a minimum 100 gram aliquot of waste.  This aliquot may not 

actually undergo TCLP extraction.  These preliminary evaluations include:  (1) determination of 
the percent solids; (2) determination of whether the waste contains insignificant solids and is, 
therefore, its own extract after filtration; (3) determination of whether the solid portion of the 
waste requires particle size reduction; and (4) determination of which of the two extraction fluids 
are to be used for the nonvolatile TCLP extraction of the waste. 

 
  7.1.1 Percent wet solids:  Percent wet solids is defined as that fraction of a waste sample (as a 

percentage of the total sample) from which no liquid may be forced out by an applied 
pressure. 

 
   7.1.1.1 If the sample will obviously yield no liquid when subjected  to pressure 

filtration proceed to Section 7.1.3. 
 
   7.1.1.2 If the sample is liquid or has more than one phase, liquid/solid separation to 

make a preliminary determination of percent solids is required.  This involves 
the filtration device described in Section 4.3.2 and is outlined in Sections 7.1.1.3 
through 7.1.1.9. 

 
   7.1.1.3 Pre-weigh the filter. 
 
   7.1.1.4 Assemble the filter holder and filter following the manufacturer's instructions.  

Place the weighed filter in the buchner funnel. 
 
   7.1.1.5 Mix the sample and weigh out a representative subsample of (100 gram 

minimum) and record exact weight. 
 
   7.1.1.6 Allow sludges to stand to permit the solid phase to settle. 
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   7.1.1.7 Quantitatively transfer the sample to the filter holder (liquid and solid phases).  

Spread the waste sample evenly over the surface of the filter. If  filtration of the 
waste at 4°C reduces the amount of expressed liquid over what would be 
expressed at room temperature then allow the sample to warm up to room 
temperature in the device before filtering. 

 
 
NOTE:  If waste material (>1% of original sample weight) has obviously adhered to the container used to 
transfer the sample to the filtration apparatus, determine the weight of this residue and subtract it from the 
sample weight determined in Section 7.1.1.5 to determine the weight of the waste sample that will be filtered. 
 
 
 
    Gradually apply vacuum or gentle pressure of 1-10 psi, until air or pressurizing 

gas moves through the filter.  If this point is not reached under 10 psi, and if no 
additional liquid has passed through the filter in any 2 minute interval, slowly 
increase the pressure in 10 psi increments to a maximum of 50 psi.  After each 
incremental increase of 10 psi, if the pressurizing gas has not moved through the 
filter, and if no additional liquid has passed through the filter in any 2 minute 
interval, proceed to the next 10 psi increment.  When the pressurizing gas begins 
to move through the filter, or when liquid flow has ceased at 50 psi (i.e., 
filtration does not result in any additional filtrate within any 2 minute period), 
stop the filtration.   

 
   7.1.1.8 The material in the filter holder is defined as the solid phase of the waste, and 

the filtrate is defined as the liquid phase. 
 
    NOTE:  Some wastes, such as oily wastes and some paint wastes, will obviously 

contain some material that appears to be a liquid.  Even after applying vacuum 
or pressure filtration, this material may not filter.  If this is the case, the material 
within the filtration device is defined as a solid.  Do not replace the original 
filter with a fresh filter under any circumstances.   

 
7.1.1.9 Remove filter carefully from the buchner funnel so as to get as much of the solid 

as possible.  
 

     Record the weight of the liquid and solid phases.  Calculate the percent solids as 
follows: 

  
Percent wet solids =  (Filter wt. + sample wt.) – filter wt. x100 

   Total weight of waste 
 
  7.1.2 If the percent solids is equal to or greater than 0.5%, then proceed either to Section 7.1.3 to 

determine whether the solid material requires particle size reduction or to Section 7.1.2.1 if 
it is noticed that a small amount of the filtrate is entrained in wetting of the filter.  If the 
percent solids is less than 0.5%, then proceed to Section 7.2.9 if the nonvolatile TCLP is to 
be performed and to Section 7.3 with a fresh portion of the waste if the volatile TCLP is to 
be performed. 

 



- 
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   7.1.2.1 Remove the solid material and filter from the filtration apparatus. 
 
   7.1.2.2 Dry the filter and solid material at 100 + 20°C.  Record the final weight. 
 
    NOTE:  Caution should be taken to ensure that the subject solid will not flash 

upon heating. It is recommended that the drying oven be vented to a hood or 
other appropriate device. 

 
   7.1.2.3 Calculate the percent dry solids as follows: 
 

Percent dry solids = 
(Wt. of dry waste + filter) - tared wt. of filter

Initial wt. of waste  x 100 

 
 
   7.1.2.4 If the percent dry solids is less than 0.5%, then proceed to Section 7.2.9 if the 

nonvolatile TCLP is to be performed, and to Section 7.3 if the volatile TCLP is 
to be performed.  If the percent dry solids is greater than or equal to 0.5%, and if 
the nonvolatile TCLP is to be performed, return to the beginning of this Section 
(7.1) and, with a fresh portion of waste, determine whether particle size 
reduction is necessary (Section 7.1.3) and determine the appropriate extraction 
fluid (Section 7.1.4).  If only the volatile TCLP is to be performed, see the note 
in Section 7.1.4. 

 
  7.1.3 Determination of whether the waste requires particle size reduction:  Using the solid 

portion of the sample, evaluate the solid for particle size.  Particle size reduction is 
required, unless the solid passes through a 9.5 mm (0.375 inch) standard sieve).  If the 
surface area is smaller or the particle size larger than described above, prepare the solid 
portion of the waste for extraction by crushing, cutting, or grinding the waste to a surface 
area or particle size as described above.  If the solids are prepared for organic volatiles 
extraction, special precautions must be taken. 

 
   NOTE:  Surface area criteria are meant for filamentous (e.g., paper, cloth, and similar) 

waste materials.  Actual measurement of surface area is not required, nor is it 
recommended.   

 
  7.1.4 Determination of appropriate extraction fluid:  If the solid content of the waste is 

greater than or equal to 0.5% and if the sample will be extracted for nonvolatile 
constituents, determine the appropriate fluid for the nonvolatiles extraction as follows: 

 
   NOTE:  TCLP extraction for volatile constituents uses only extraction fluid #1. Therefore, 

if TCLP extraction for nonvolatiles is not required, proceed to Section 7.3. 
 
   7.1.4.1 Weigh out a small subsample of the solid phase of the waste, reduce the solid (if 

necessary) to a particle size of approximately 1 mm in diameter or less, and 
transfer 5.0 grams of the solid phase of the waste to a 250 mL beaker or 
Erlenmeyer flask. 
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   7.1.4.2 Add 96.5 mL of reagent water to the beaker, cover with a watchglass, and stir 
vigorously for 5 minutes using a magnetic stirrer.  Measure and record the pH.  
If the pH is <5.0, use extraction fluid #1.  Proceed to Section 7.2. 

 
   7.1.4.3 If the pH is >5.0, add 3.5 mL 1N HCl, slurry briefly, cover with a watchglass, 

heat to 50°C, and hold at 50°C for 10 minutes.  (Note:  Do not mix the sample 
during heating).  The hot block may be used for the purpose of heating and 
holding at 50°C for 10 minutes. 

 
   7.1.4.4 Let the solution cool to room temperature (use Hobart to aid in cooling, 30 to 

60 minutes) and record the pH.  If the pH is <5.0, use extraction fluid #1.  If the 
pH is >5.0, use extraction fluid #2.   Note:  The pH must be measured as quickly 
as possible in the phase of the procedure.  It is critical to measure the pH as soon 
as the sample has reached room temperature.   Proceed to Section 7.2. 

 
  7.1.5 If the aliquot of the waste used for the preliminary evaluation was determined to be 100% 

solid, then it can be used for the Section 7.2 extraction (assuming at least 100 grams 
remain), and the Section 7.3 extraction (assuming at least 25 grams remain).   

 
 7.2 Procedure for Metals and Semi-Volatiles 
 
  A minimum sample size of 100 grams (solid and liquid phases) is recommended.  If less than the 

specified amount is used, proportion extraction fluid accordingly and notify manager.  In some 
cases, a larger sample size may be appropriate, depending on the solids content of the waste 
sample, whether the initial liquid phase of the waste will be miscible with the aqueous extract of 
the solid, and whether inorganics, semivolatile organics, pesticides, and herbicides are all 
analytes of concern.  Enough solids should be generated for extraction such that the volume of 
TCLP extract will be sufficient to support all of the analyses required.  

 
  All glassware and equipment must be thoroughly cleaned before use.  A hot soapy water wash, 

rinse with tap water, then repeat following with a DI water rinse.  Rinse with 1:1 HNO3 , 
Methanol and acetone, and a final rinse with DI water.   

 
  7.2.1  If the waste will obviously yield no liquid when subjected to pressure filtration (i.e., is 

100% solid), weigh out a subsample of the waste (100 gram minimum) and proceed to 
Section 7.2.9. 

 
  7.2.2 If the sample is liquid or multiphasic, liquid/solid separation is required.  This involves the 

filtration device described in Section 4.3.2 and is outlined in Sections 7.2.4 to 7.2.8. 
 
  7.2.3 Assemble the filter holder and filter following the manufacturer's instructions.  Place the 

filter on the support screen and secure.  Acid wash the filter if evaluating the mobility of 
metals (see Section 4.4). 

 
  7.2.4 Weigh out a subsample of the waste (100 gram minimum) and record the weight.  If the 

waste contains <0.5% dry solids, the liquid portion, after filtration, is defined as the TCLP 
extract. Therefore, enough of the sample should be filtered so that the amount of filtered 
liquid will support all of the analyses required. For wastes containing >0.5% dry solids use 



- 

- 
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the percent solids information to determine the optimum sample size (100 gram minimum) 
for filtration.   

 
  7.2.5 Allow sludges to stand to permit the solid phase to settle.  Wastes that settle slowly may be 

centrifuged prior to filtration.  Use centrifugation only as an aid to filtration.  If the waste 
is centrifuged, the liquid should be decanted and filtered, followed by filtration of the solid 
portion of the waste through the same filtration system. 

 
  7.2.6 Refer to Section 7.1.1.7. 
  

7.2.7 Refer to Section 7.1.1.8. 
 
  7.2.8 If the waste contains <0.5% dry solids, proceed to Section 7.2.13.  If the waste contains 

>0.5% dry solids, and if particle size reduction of the solid was needed in Section 7.1.3, 
proceed to Section 7.2.10.  If the waste as received passes a 9.5 mm sieve, quantitatively 
transfer the solid material into the extractor bottle along with the filter used to separate the 
initial liquid from the solid phase, and proceed to Section 7.2.11. 

 
  7.2.9 Prepare the solid portion of the waste for extraction by crushing, cutting, or grinding the 

waste to a surface area or particle size as described in Section 7.1.3.  When the surface area 
or particle size has been appropriately altered, quantitatively transfer the solid material into 
an extractor bottle. Include the filter used to separate the initial liquid from the solid phase. 

 
   NOTE:  Sieving of the waste is not normally required.  Surface area requirements are 

meant for filamentous (e.g., paper, cloth) and similar waste materials.  Actual measurement 
of surface area is not recommended.  If sieving is necessary, a Teflon coated sieve should 
be used to avoid contamination of the sample. 

 
  7.2.10 Determine the amount of extraction fluid to add to the extractor vessel as follows: 
 

  Weight of extraction fluid = 
100

fltered  wasteof x weight solidst percent we x 20
 

 
   Slowly add this amount of appropriate extraction fluid to the extractor vessel.  Close the 

extractor bottle tightly (it is recommended that Teflon tape be used to ensure a tight seal), 
secure in rotary agitation device, and rotate at 30 + 2 rpm for 18 + 2 hours.  Ambient 
temperature shall be maintained at 23 + 2 �C during the extraction period.  Record both 
tumble rate and room temperature. 

 
   NOTE:  As rotation continues, pressure may build up within the extractor bottle for some 

types of wastes.  To relieve excess pressure, the extractor bottle should be periodically 
opened (e.g., after 15 minutes, and 30 minutes) and vented into a hood. 

 
 7.2.11  Following the 18 + 2 hour extraction, separate the material in the extractor vessel into its 

component liquid and solid phases by filtering through a new glass fiber filter, as outlined 
in Section 7.2.7.  For final filtration of the TCLP extract, the glass fiber filter may be 
changed, if necessary, to facilitate filtration.  Filter(s) shall be acid-washed. 

 
 7.2.12  Prepare the TCLP extract as follows: 



- 
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  7.2.12.1 If the sample contained no initial liquid phase, the filtered liquid material 

obtained is defined as the TCLP extract.  Proceed to Section 7.2.13. 
 
   7.2.12.2 If compatible (e.g., multiple phases will not result on combination), combine 

the filtered liquid resulting from Section 7.2.12 with the initial liquid phase of 
the waste obtained in Section 7.2.7.  This combined liquid is defined as the 
TCLP extract.  Proceed to Section 7.2.13. 

 
   7.2.12.3 If the initial liquid phase of the waste, as obtained from Section 7.2.7, is not or 

may not be compatible with the filtered liquid resulting from Section 7.2.11, do 
not combine these liquids.  Analyze these liquids, collectively defined as the 
TCLP extract, and combine the results mathematically, as described in Section 
7.2.14. 

 
7.2.1.3  Following collection of the TCLP extract, the pH of the extract must be recorded.  

Immediately split aliquots, give to appropriate analyst for spiking and preservation of the 
extract for analysis.  Metal aliquots must be acidified with nitric acid to pH <2.  (If 
precipitation is observed upon addition of nitric acid to a small aliquot of the extract, then 
the remaining portion of the extract for metals analyses shall not be acidified and the 
extract shall be analyzed as soon as possible.)  All other aliquots must be stored under 
refrigeration (4°C) until analyzed.  TCLP extracts to be analyzed for metals shall be acid 
digested except in those instances where digestion causes loss of metallic analytes.  Refer 
also to sections 2.2 and 6.5. 

 
 If the individual phases are to be analyzed separately, determine the volume of the 

individual phases (to + 0.5%), conduct the appropriate analyses, and combine the results 
mathematically by using a simple volume-weighted average: 

 

Final Analyte Concentration  = 
(V1) (C1) + (V2) (C2)

 V1 +  V2
 

 
   where: 
    V1 = The volume of the first phase (L). 
    C1 = The concentration of the analyte of concern in the first phase (mg/L). 
    V2 = The volume of the second phase (L). 
    C2 = On next page 
    C2 = The concentration of the analyte of concern in the second phase (mg/L). 
 
 7.3 Volatiles Extraction Procedure 
 
 Use ZHE device to obtain TCLP extract for analysis of volatile compounds only.   
 
 The ZHE device has approximately a 500 mL internal capacity.  The ZHE can thus accommodate 

a maximum of 25 grams of solid due to the need to add an amount of extraction fluid equal to 20 
times the weight of the solid phase. 

 
  Charge the ZHE with sample only once and do not open the device until the final extract has been 

collected.  Repeated filling of the ZHE to obtain 25 grams of solid is not permitted. 



- 

- 
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  Do not allow the waste, the initial liquid phase, or the extract to be exposed to the atmosphere for 

any more time than is absolutely necessary.  Any manipulation of these materials should be done 
when cold (4°C) to minimize loss of volatiles. 

 
  All glassware and equipment must be thoroughly cleaned before use.  A hot soapy water wash, 

rinse with tap water, then repeat following with a DI water rinse.  Rinse with methanol and a 
final rinse with DI water.   

 
 
  7.3.1 Pre-weigh the filtrate collection container and set aside.  If using a TEDLAR® bag, express 

all liquid from the ZHE device into the bag, whether for the initial or final liquid/solid 
separation, and take an aliquot from the liquid in the bag for analysis.   

  
  7.3.2 Place the ZHE piston within the body of the ZHE (it may be helpful first to moisten the 

piston O-rings slightly with extraction fluid).  Adjust the piston within the ZHE body to a 
height that will minimize the distance the piston will have to move once the ZHE is 
charged with sample (based upon sample size requirements determined from Section 7.3, 
Section 7.1.1 and/or 7.1.2).  Secure the gas inlet/outlet flange (bottom flange) onto the 
ZHE body in accordance with the manufacturer's instructions.  Secure the glass fiber filter 
between the support screens and set aside.  Set liquid inlet/outlet flange (top flange) aside. 

 
7.3.3 If the waste is 100% solid, weigh out a subsample (25 gram maximum) of the waste, 

record weight, and proceed to Section 7.3.5. 
 

7.3.4 If the waste contains < 0.5% dry solids, the liquid portion of waste, after filtration, is 
defined as the TCLP extract.  Filter enough of the sample so that the amount of filtered 
liquid will support all of the volatile analyses required.  For wastes containing > 0.5% dry 
solids, use the percent solids information determine the optimum sample size to charge 
into the ZHE.  
 
The recommended sample size is as follows: 

 
   7.3.4.1 For wastes containing < 5% solids, weigh out a 500 gram subsample of waste and 

record the weight. 
 
   7.3.4.2 For wastes containing > 5% solids, determine the amount of waste to charge into 

the ZHE as follows: 
 

 

Weight of waste to charge ZHE = 
solidswetpercent

25
 x 100 

 
  7.3.5 If particle size reduction of the solid portion of the waste was required in Section 7.1.3, 

proceed to Section 7.3.6.  If particle size reduction was not required in Section 7.1.3, 
proceed to Section 7.3.7. 

 
  7.3.6 Prepare the waste for extraction by crushing, cutting, or grinding the solid portion of the 

waste to a surface area or particle size as described in Section 7.1.3.  The means used to 



 

V:\Standard Operating Procedures\Current SOP File Directory\SOP198_R07_20100831.doc                                                           Page 14 of 18 

effect particle size reduction must not generate heat in and of itself.  If reduction of the 
solid phase of the waste is necessary, exposure of the waste to the atmosphere should be 
avoided to the extent possible. 

 
   NOTE:  Sieving of the waste is not recommended due to the possibility that volatiles may 

be lost.  The use of an appropriately graduated ruler is recommended as an acceptable 
alternative.  Surface area requirements are meant for filamentous (e.g., paper, cloth) and 
similar waste materials.  Actual measurement of surface area is not recommended. 

 
   When the surface area or particle size has been appropriately altered, proceed to Section 

7.3.7. 
 
  7.3.7 Waste sludges need not be allowed to stand to permit the solid phase to settle.  Do not 

centrifuge wastes prior to filtration. 
 
  7.3.8 Quantitatively transfer the entire sample (liquid and solid phases) quickly to the ZHE.  

Secure the filter and support screens onto the top flange of the device and secure the top 
flange to the ZHE body in accordance with the manufacturer's instructions.  Tighten all 
ZHE fittings and place the device in the vertical position (gas inlet/outlet flange on the 
bottom).  Do not attach the extract collection device to the top plate. 

 
   NOTE:  If waste material (>1% of original sample weight) has obviously adhered to the 

container used to transfer the sample to the ZHE, determine the weight of this residue and 
subtract it from the sample weight determined in Section 7.3.4 to determine the weight of 
the waste sample that will be filtered. 

 
   Attach a gas line to the gas inlet/outlet valve (bottom flange) and, with the liquid 

inlet/outlet valve (top flange) open, begin applying gentle pressure of 1-10 psi (or more if 
necessary) to force all headspace slowly out of the ZHE device into a hood.  At the first 
appearance of liquid from the liquid inlet/outlet valve, quickly close the valve and 
discontinue pressure.  If filtration of the waste at 4°C reduces the amount of expressed 
liquid over what would be expressed at room temperature, then allow the sample to warm 
up to room temperature in the device before filtering.  If the waste is 100% solid (see 
Section 7.1.1), slowly increase the pressure to a maximum of 50 psi to force most of the 
headspace out of the device and proceed to Section 7.3.12. 

 
  7.3.9 Attach the pre-weighed filtrate collection container to the liquid inlet/outlet valve and open 

the valve.  Begin applying gentle pressure of 1-10 psi to force the liquid phase of the 
sample into the filtrate collection container.  If no additional liquid has passed through the 
filter in any 2 minute interval, slowly increase the pressure in 10 psi increments to a 
maximum of 50 psi.  After each incremental increase of 10 psi, if no additional liquid has 
passed through the filter in any 2 minute interval, proceed to the next 10 psi increment. 
When liquid flow has ceased such that continued pressure filtration at 50 psi does not 
result in any additional filtrate within a 2 minute period, stop the filtration.  Close the 
liquid inlet/outlet valve, discontinue pressure to the piston, and disconnect and weigh the 
filtrate collection container. 

 
   NOTE:  Instantaneous application of high pressure can degrade the glass fiber filter and 

may cause premature plugging. 
 



- 
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  7.3.10 The material in the ZHE is defined as the solid phase of the waste and the filtrate is defined 
as the liquid phase. 

 
   (Some wastes, such as oily wastes and some paint wastes, will obviously contain some 

material that appears to be a liquid.  Even after applying pressure filtration, this material 
will not filter.  If this is the case, the material within the filtration device is defined as a 
solid and is carried through the TCLP extraction as a solid.) 

 
   If the original waste contained <0.5% dry solids, this filtrate is defined as the TCLP 

extract.  Proceed to Section 7.3.15. 
 
  7.3.11 The liquid phase may now be either analyzed immediately or preserved and stored at 4°C 

under minimal headspace conditions until time of analysis.  Determine the weight of 
extraction fluid #1 to add to the ZHE as follows: 

 
 

   Weight of extraction fluid = 
100

filtered  wasteof x weight solidst percent we x 20
 

 
  7.3.12 The following details how to add the appropriate amount of extraction fluid to the solid 

material within the ZHE and agitation of the ZHE vessel.  Extraction fluid #1 is used in all 
cases. 

 
7.3.12.1 With the ZHE in the vertical position, attach a line from the extraction fluid 

reservoir to the liquid inlet/outlet valve.  The line used shall contain fresh 
extraction fluid and should be preflushed with fluid to eliminate any air pockets 
in the line.  Release gas pressure on the ZHE piston (from the gas inlet/outlet 
valve), open the liquid inlet/outlet valve, and begin transferring extraction fluid 
(by pumping or similar means) into the ZHE.  Continue pumping extraction 
fluid into the ZHE until the appropriate amount of fluid has been introduced into 
the device. 

 
   7.3.12.2 After the extraction fluid has been added, immediately close the liquid 

inlet/outlet valve and disconnect the extraction fluid line.  Check the ZHE to 
ensure that all valves are in their closed positions.  Manually rotate the device in 
an end-over-end fashion 2 or 3 times.  Reposition the ZHE in the vertical 
position with the liquid inlet/outlet valve on top.  Pressurize the ZHE to 5-10 psi 
(if necessary) and slowly open the liquid inlet/outlet valve to bleed out any 
headspace that may have been introduced due to the addition of extraction fluid. 
 This bleeding shall be done quickly and shall be stopped at the first appearance 
of liquid from the valve.  Re-pressurize the ZHE with 5-10 psi and check all 
ZHE fittings to ensure that they are closed. 

 
   7.3.12.3 Place the ZHE in the rotary agitation apparatus and rotate at 30 + 2 rpm for 18 + 

2 hours.  Ambient temperature (i.e., temperature of room in which extraction 
occurs) shall be maintained at 23 + 2°C during agitation.  Record both tumble 
rate and temperature.   

 



- 
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 7.3.13 Following the 18 + 2 hour period, check the pressure behind the ZHE piston by checking 
gauge and quickly opening and closing the gas inlet/outlet valve and noting the escape of 
gas.  If the pressure has not been maintained (i.e., no gas release observed), the device is 
leaking.  Check the ZHE for leaking as specified in Section 4.2.1, and perform the 
extraction again with a new sample of waste.  If the pressure within the device has been 
maintained, the material in the extractor vessel is once again separated into its component 
liquid and solid phases.  If the waste contained an initial liquid phase, the liquid may be 
filtered directly into the same filtrate collection container (i.e., TEDLAR® bag or VOC 
vials) holding the initial liquid phase of the waste.  A separate filtrate collection container 
must be used if combining would create multiple phases, or there is not enough volume left 
within the  filtrate collection container. Filter through the glass fiber filter, using the ZHE  
device as discussed in Section 7.3.9.  All extract shall be filtered and collected if the 
TEDLAR® bag is used, if the extract is multiphasic, or if the waste contained an initial 
liquid phase. 

 
  NOTE:  An in-line glass fiber filter may be used to filter the material within the ZHE if it 

is suspected that the glass fiber filter has been  ruptured. 
 
  
 7.3.14 If the original waste contained no initial liquid phase, the filtered liquid material obtained 

from above is defined as the TCLP extract.  If the waste contained an initial liquid phase, 
the filtered liquid material obtained from above and the initial liquid phase (Section 7.3.9) 
are collectively defined as the TCLP extract. 

 
 7.3.15 Following collection of the TCLP extract, immediately prepare the extract for analysis 

(one of the vials will be spiked at this point) and store with minimal headspace at 4°C.  
Analyze the TCLP extract according to the appropriate analytical methods (refer to section 
2.2).  If the individual phases are to be analyzed separately (i.e., are not miscible), 
determine the volume of the individual phases (to 0.5%), conduct the appropriate analyses, 
and combine the results mathematically by using a simple volume-weighted average: 

 

21

2211

V  V
 )(C )(V  )(C )(V

 ion Concentrat Analyte Final
+
+

=                           

   where: 
 
    V1 = The volume of the first phases (L). 
    C1 = The concentration of the analyte of concern in the first phase (mg/L). 
    V2 = The volume of the second phase (L). 
    C2 = The concentration of the analyte of concern in the second phase 
                  (mg/L). 
 
8.0  QUALITY ASSURANCE 
 
 8.1 A minimum of one blank (using the same extraction fluid as used for the samples) must be 

analyzed for every 20 extractions that have been conducted in an extraction vessel.  No bias 
correction is to be taken into consideration (Fr 57, 227 ).   

 
 8.2 A matrix spike shall be performed for each waste type (e.g., wastewater treatment sludge, 

contaminated soil, etc.).  One matrix spike must be analyzed for each analytical batch.  Follow 
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the matrix spike addition guidance provided in each analytical method.  (The method and SOPs 
are referenced in section 2.2.) 

 
  8.2.1 Matrix spikes are to be added after filtration of the TCLP extract and before preservation.  
 
  8.2.2 The matrix spikes should be added at a concentration equivalent to the corresponding 

regulatory level.  If the analyte concentration is less than one half the regulatory level, the 
spike concentration may be as low as one half of the analyte concentration, but may not be 
not less than ten times the method detection limit.  In order to avoid differences in matrix 
effects, the matrix spikes must be added to the same volume of TCLP extract as that which 
was analyzed for the unspiked sample. 

 
  8.2.3 The matrix spike is to monitor the performance of the analytical methods used, and to 

determine whether matrix interferences exist.  If interferences exist, an alternate approach 
may be required.   

 
  8.2.4 Matrix spike recoveries are calculated by the following formula: 
 

%R (%Recovery) = 100 (Xs - Xu)/K 
 
   where: 
    Xs = measured value for the spiked sample, 
    Xu = measured value for the unspiked sample, and 
    K = known value of the spike in the sample.    
 
 8.3 All quality control measures described in each analytical methods must be followed. 
 
 8.4 The use of method of standard addition (MSA) shall be employed for a metallic contaminant if:  

(1) Recovery of the contaminant from the TCLP extract is not at least 50% and the concentration 
does not exceed the regulatory level, and (2) The concentration of the contaminant measured in 
the extract is within 20% of the appropriate regulatory level. 

 
  8.4.1 The MSA requires preparing calibration standards in the sample matrix rather than reagent 

water.  It requires taking four identical aliquots of the solution and adding known amounts 
of standard to three of these aliquots. The forth aliquot is the unknown.  The first addition 
should be prepared so that the resulting concentration is approximately 50% of the 
expected concentration of the sample.  The second and third additions should be prepared 
so that the concentrations are approximately 100% and 150% of the expected 
concentration of the sample.  All four aliquots are maintained at the same final volume by 
adding reagent water.  Analyze all four aliquots.   

 
8.4.3 Prepare a plot, or subject data to linear regression, of instrument signals or external-

calibration-derived concentrations as the dependant variable (y-axis) versus 
concentrations of the additions of standard as the independent variable (x-axis).  Solve for 
the intercept of the abscissa (the independent variable, x-axis) which is the concentration 
in the unknown. 
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 8.5 TCLP extraction holding times.  
 
 

SAMPLE MAXIMUM HOLDING TIMES [DAYS] 
 
 
 

 
From: 
Field 

collection 
 

To: 
TCLP 

extraction 

 
From: 
TCLP 

extraction 
 

To: 
Preparative 
extraction 

 
From: 

Preparative 
extraction 

 
To: 

Determinative 
analysis 

 

 
 
 
 
 

Total 
elapsed 

time 

 
Volatiles 
Semi-volatiles 
Mercury 
Metals, except mercury 
 

 
14 
14 
28 

180 

 
NA 
7 

NA 
NA 

 
14 
40 
28 

180 
 

 
28 
61 
56 

360 

 
NA = Not applicable 
 
  If holding times are exceeded, the values obtained will be considered minimal concentrations.  

Exceeding the holding time is not acceptable in establishing that a waste does not exceed the 
regulatory level.  Of course, exceeding the holding time will not invalidate characterization if the 
waste exceeds the regulatory level. 
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GC/MS SEMIVOLATILES 
 

BY EPA METHOD 625 AND SW846 METHOD 8270C and 8270D 
 
1.0 SCOPE AND APPLICATION 

 
Please see Appendix for definitions. 
This SOP (based primarily on SW-846 Method 8000B/8270C/8270D) is used for the 
analysis of semi-volatile organic compounds in a variety of matrices (soils, sediments, 
waters, etc.).  Methods Federal Register Method 625 and CLP Method for Semi-volatiles 
have also been used in the development of this SOP.  The analyses by these various 
methods are clearly defined in the respective regulatory manuals.  A good understanding of 
these different methods is essential to the performance of each method. A laboratory list of 
625 and 8270 analytes with example limits is found attached in the appendix.  Other 
compounds may be analyzed by this SOP as detailed in section 1.0 of SW-846 Method 
8270C.  Any questions left by this SOP should be answered by reading the methods, paying 
close attention to SW-846 8000B/8270C/8270D, EPA 625 and CLP.  If questions still 
remain unanswered, check with the Organic Lab Manager, QA/QC Officer and/or 
Technical Director. 

 
2.0 METHOD SUMMARY 
 

After sample preparation using the appropriate extraction technique, the sample is 
introduced into the GC/MS using direct injection.  The analytes are separated in the gas 
chromatograph by a combination of the temperature program, the pressure program and the 
capillary column.  The analytes are then detected by the mass spectrometer.  Analytes are 
identified by comparing the mass spectra of known standards with the mass spectra from 
the sample.  Analytes are quantitated relative to known standards using the internal 
standard method. 

 
3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

 
Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories’ Quality Assurance 
Manual include details concerning sample preservation, containers and handling of 
semi-volatile samples and extracts.  All water and soil samples are stored in the appropriate 
walk-in coolers at a temperature of 4°C. All extracts are stored in the Hobart in the 
Extraction lab at a temperature of  4°C.  Water samples have a holding time of 7 days from 
date of sampling.  Soil samples have a holding time of 14 days from date of sampling 
(unless otherwise specified for the project).Extracts have 40 days from date of extraction to 
be analyzed 
 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 
 

4.1 All raw data (samples & QC) must be evaluated for interferences.  If contamination 
occurs, determine whether the source of interference is in the preparation or clean-up of 
the samples and take corrective action to eliminate the problem. 

 
4.2 Contamination by carryover can occur when samples of high-concentration and low-

concentration are analyzed sequentially.  To reduce carryover, the sample syringe must 
be rinsed with solvent between injections.  If an unusually high sample is detected, a 
solvent blank should be analyzed for cross contamination. 
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5.0. EQUIPMENT AND APPARATUS 
 
 5.1 HP 5890/6890/7890GC complete with electronic pressure control and temperature 

programmable gas chromatograph suitable for splitless injection. 
 
 5.2 Column:   RTX-5MS (or equivalent) 30 m x 0.25 mm I.D. x 0.25 µm film thickness 

fused silica capillary column or RTX-5 SIL-MS 30 m x 0.28 mm I.D. x 0.5µm film 
thickness. 

 
 5.3 HP 5971/5973/5975 mass spectrometer capable of scanning from 35 to 500 amu every 

second or less, using 70 volts electron energy in electron impact ionization mode.  The 
mass spectrometer is capable of producing a mass spectrum for 
decafluorotriphenylphosphine, DFTPP, which meets all the tuning criteria of the EPA 
methods. 

 
 5.4 HP 7673/7683 autosampler capable of reproducibility from one injection to another 

proven by meeting QC and calibration criteria. 
 
 5.5 HP GC/MS interface that gives acceptable calibration points at 50 ng per injection for 

each compound of interest and achieves acceptable tuning performance criteria.  
 
 5.6 Acquisition Software: HP Chemstation system is interfaced to the GC/MS.  The system 

acquires and stores data throughout the chromatographic programs. 
 
 5.7 Data Processing Software:  Target DB on Windows NT server data system is interfaced 

to the HP Chemstation.  The system accepts and stores acquired data.  It plots by 
extracted ion current profile (EICP).  The system is also capable of integrating the 
abundances in any EICP between specified time or scan-number limits.  The most 
recent NBS mass spectral library is installed. 

 
6.0 REAGENTS 
 
 6.1 Methylene chloride (Please read SOP-336 before handling this solvent in our 

laboratory.) – Trace analysis grade. 

6.2 Stock standards are purchased in mixtures from reputable vendors.  The date they are 
received is noted on the label and recorded in the BNA standards log book.  The date 
they are opened is noted on the label and recorded in the BNA standards log book 
along with their lot number and vendor.  Each standard that is prepared is recorded in 
the BNA standards log book and given a sequential number.  Each standards label is 
completed with the standard number, name, preparation date, expiration date, solvent 
and analyst initials.  All stocks and standards are stored in the freezer at a temperature 
of -15°C + 5°C from the date they are received/prepared.  Standards are brought to 
room temperature before being used to make standards.  Sonication is used if 
precipitation is observed after bringing to room temperature.  The refrigerator and 
freezer temperature is monitored daily with an annually calibrated thermometer and 
recorded with calibration correction in the Extraction temperature/calibration logbook.  
Makeup of common standards is detailed below.  See the BNA standards log book for 
makeup of other standards. 
 



- 

- 

- 
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6.2.1  The Decafluorotriphenylphosphine (DFTPP) tuning standard is prepared as 
follows (includes benzidine, pentachlorophenol and 4,4'-DDT):  Using a 100µL 
syringe, 100µL (GCM-150, Ultra Scientific @ 1000µg/mL, or equivalent) is 
injected into a 2.0mL volumetric flask containing approximately 1.2mL 
methylene chloride (Trace Grade) and diluted to volume with same making a 
50µg/mL standard.  After capping and inverting several times, the solution is 
transferred into 2 labeled 2ml, teflon-lined, screw-capped vials and stored in 
the freezer at -15°C + 5°C for up to 6 months.  A direct injection of 1.0µL is 
used to tune the instrument. 

  
6.2.2  Calibration standards are prepared from a 200µg/mL working standard at a 

minimum of five concentrations.  Calibration standards are prepared semi-
annually unless the initial calibration verification standard indicates a problem. 
To makeup the 200µg/mL working standard inject the indicated amount of the 
following standards (or equivalent) into a 10mL volumetric containing 
approximately 5mL methylene chloride (Trace Grade) and dilute to volume 
with the same. After capping and inverting several times, the solution is 
transferred into an appropriate labeled vial, teflon-lined, screw-capped vial and 
stored in the freezer at -15°C + 5°C for up to 6 months.  See the Appendix for 
analytes contained in these mixes. 

 
Standard (Interm.A in 10mls) Conc (µg/mL) Amount(µL) Final (ug/mL) 
 
Base/Neutrals Mix 1 (Vendor,Lot#) 

 
2000 

 
1000 

  
 200 

Benzidines Mix 2 (Vendor,Lot#) 2000 1000  200 
Acids Mix (Vendor,Lot#) 2000 1000  200 
SV Mix w/ Pyridine & Carbazole (Vendor,Lot#) 2000 1000  200 
BN Surrogate (Vendor,Lot#) 5000  400  200 
Acid Surrogate (Vendor,Lot#) 10,000  400  400 
Catechol (Standard#) 10,000  200  200 
Biphenyl (Standard#) 10,000  200  200 
Caprolactum (Standard#) 10,000  200  200 
Acetophenone (Standard#) 10,000  200  200 

 
Standard (Interm.B in 5mls) Conc (µg/mL) Amount(µL) Final (ug/mL) 

   
Benzidine (Mix # 2)  2000  500  200 
    
Standard (Interm.C in 5mls)    
    
Atrazine (Standard#) 10,310  97  200 
Benzaldehyde (Standard#) 10,590  94  200 

                    Additional Appendix IX compounds can be added using 3 additional mixes, AppIX A,B,C. Refer to standards log.  
To makeup the calibration standards, using a 1ml syringe add the appropriate 
amount of methylene chloride (trace grade) to a 2ml vial. Add the indicated 
amount of each intermediate  standard to the vial. Add 20ul of internal standard 
to each screw-capped vial and stored in the freezer at -15°C + 5°C for up to 6 
months.   

 
IntmA,Bor C 

Amt. of  200ppm std  Amount of  2000ppm Internal Std  

2 µg/mL 
5 µg/mL 

 10 µL 
 25 µL 

20 µL 
20 µL 

10 µg/mL  50 µL 20 µL 
20 µg/mL 100 µL 20 µL 
30 µg/mL 150 µL 20 µL 
40 µg/mL 200 µL 20 µL 
50 µg/mL 250 µL 20 µL 
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60 µg/mL 300 µL 20 µL 
70 µg/mL 350 µL 20 µL 
80 µg/mL 400 µL 20 µL 
90 µg/mL 450 µL 20 µL 

                 100 µg/mL    500 µL                                              20 µL 
  
            The makeup of the 50µg/mL CCV  standard is  detailed  below.    Occasionally,  
           unusual compounds are added to the mix so it is best to check the BNA 

standards log book for exact standard makeup.  Note:  MS list spikes and full 
list spikes for LCS and/or MS/MSD are prepared from an alternate source or lot 
number other  than the calibration standards. 

 
 Example: 50µg/mL CCV standard preparation: 
 
 SV3640  

using 1ml syringe add the appropriate amount of methylene 
chloride to a 

 

2ml vial. Add the indicated amount of intermediate / stock 
standard to the vial. 

 

Add 20ul of internal standard to the vial (SV 3635 ).Soultion stored in freezer at -15deg 
C+/-5degC for upto 1 week.  

 

   
 50 ug/mL  CCV  

 Stock Standard Concentration 50 ug/mL  

SV3515 BNA intermediate mix 200 PPM 250 uL  
SV3517 Benzidine Int. 200 PPM 250 uL  
SV3516 Atrazine benzaldehyde Int. 200 PPM 250 uL  

 
6.2.3 The Initial Calibration Verification (ICV) standard is prepared from a vendor 

stock standard at a concentration of 200µg/mL as detailed below. 
 

Example: 50µg/mL ICV standard preparation: 
 

(SV2100) ~ 50ug/ml ICV  
Into a 1 mL volumetric flask containing Methylene Chloride ~ about 0.6ml, add 250uls of  
SV1995 (readystock 200ppm) 
and dilute to volume.         

 
Top off w/20uls of Internal Standard (SV2079)     

 

Prep'd:   01/08/03                 Exp: 03/16/03  

   
(SV2396) ~ 50ug/ml ICV (benzaldehyde & atrazine)  

Into a 1 mL volumetric flask containing Methylene Chloride ~ about 0.6ml, add 250uls of  
SV2305 (intermediate stock 200ppm) and dilute to volume.            
Top off w/20uls of Internal Standard   (SV2393)      

Prep'd:   09/18/03                Exp: 03/18/04    

 
7.0 PROCEDURE 
 

Prior to using Federal Register 625, SW-846 8270C/8270D, or CLP (semivolatile method) 
the samples are prepared for chromatography using the appropriate sample preparation and 
clean up methods (generally SW-846 methods 3510, 3520, 3540, 3550, 3580, EPA 
method 625 or CLP). 
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7.1 Chromatographic conditions: Refer to corresponding instrument maintenance log for 
current gas chromatograph and mass spectrometer conditions. 

  

7.2 Tuning - Prior to any calibration or analysis, DFTPP tuning criteria must be met for a  
50 ng injection of the tuning standard [see below].  Tune must be met every 12 hours 
sample analysis is to be performed (every 24 hours for Federal Register Method 625 
except for South Carolina which only allows 12 hours).  The injection port 
performance compounds (pentachlorophenol, benzidine and 4,4'-DDT) are also 
injected to verify the performance of the injection port and must meet the following 
criteria.  Degradation of DDT to DDE and DDE should not exceed 20%.  Benzidine  
and pentachlorophenol should be present at their normal responses, and no peak tailing 
should be visible for 8270C. Tailing factor should be 2.0 for 8270D for benzidine 
and pentachlorophenol.  For NPDES samples, the benzidine (base/neutral) tailing 
factor must not exceed 3.0 while the  pentachlorophenol (acid) tailing factor cannot 
exceed 5.0.  The calculation for tailing factors is best illustrated in Figure 13 of the 
Federal Register Method 625 which has been placed in the appendix. If degradation is 
excessive and/or poor chromatography is seen, the injection port may require cleaning 
and maintenance. It may also be necessary to break off 15-30cm of the capillary 
column. The mass spectrum of DFTPP is acquired as follows: by using one scan at the 
apex peak, or by by using the mean of the apex and the preceding and following scans 
or mean of a symmetric pattern of scans about the apex, or using the average across the 
entire peak. Background subtraction is accomplished using a single scan or more than 
20 scans prior to the elution of DFTPP. 

    

Mass Ion Abundance Criteria 
51 30-60% of mass 198
68 <2% of mass 69
70 <2% of mass 69
127 40-60% of mass 198
197 <1% of mass 198
198 Base peak, 100% relative abundance 
199 5-9% of mass 198
275 10-30% of mass 198
365 >1% of mass 198
441 Present, but less than mass 443
442 >40% of mass 198
443 17-23% of mass 442

 8270D has different tuning citeria for meeting DFTPP. See page 44 Table 3 of  
Method 8270D for criteria. 

7.3 Calibration 
 
7.3.1 Initial Calibration - An initial calibration curve at no less than five 

concentration levels must be analyzed (only three concentration levels are 
required for Federal Register Method 625) and shown to meet the initial 
calibration criteria before any sample analysis may be performed.  Method 625 
requires that the %RSD be less than 35% to use the average response factor for 
quantitation, the curve is to be used otherwise and should have a correlation 



- 
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coefficient (r) of >0.995 linear, 0.99 and six points for quadratic.  Method 
8270C requires that the %RSD be less than 15% to use the average response 
factor for quantitation, the curve is to be used otherwise as long as r is >0.995 
linear, 0.99 and six points for quadratic.  In addition, there are calibration 
check compounds (CCCs) which must have a %RSD less than 30% and system 
performance check compounds (SPCCs) which must meet a minimum avarage 
response factor of 0.050.  The lowest standard must be less than or equal to the 
reported quantitation limit and the highest standard must not exceed the linear 
range of the detector.  Generally, levels for the curve are 2 ug/mL, 5 µg/mL, 
10 µg/mL, 20 µg/mL, 30 µg/mL, 40 µg/mL, 50 µg/mL, 60 µg/mL, 70 µg/mL, 
80 µg/mL, 90 ug/mL and 100 µg/mL. Any manual integrations are documented 
by inclusion of the integrated signals(before and after manual integration 
)initialed, reason and dated with the quantitation report and chromatogram. 
Refer to SOP-224 for guidance.  All integrations are checked for acceptability.  
Response factors of less than 0.050 must be supported by the mass spectrum of 
the lowest standard. Retention times are set using the midpoint of the curve. No 
quadratic curves are used for SouthCarolina. For 8270D the RSD for each 
target analyte should be less than or equal to 20% and each calibration 
level should meet the minimum response factors listed in Table 4. If the 
20% RSD is not met, then the minimum correlation coefficient for the 
curve must be 0.99. If more than 10% of the compounds do not meet the 
20% RSD or minimum correlation coefficient of 0.99, then the 
chromatographic system is considered too reactive to begin analysis. 
Injector maintenance  should be performed and repeat the calibration 
procedure. 

 
CCCs: Base/Neutral   Acid 
  Acenapthene   4-Chloro-3-methylphenol 
  1,4-Dichlorobenzene  2,4-Dichlorophenol 
  Hexachlorobutadiene  2-Nitrophenol 
  N-Nitroso-di-phenylamine Phenol 
  Di-n-octyl-phthalate  Pentachlorophenol 
  Fluoranthene   2,4,6-Trichlorophenol 
  Benzo(a)pyrene  
 

   SPCCs: Base/Neutral   Acid     
     N-Nitroso-di-n-propylamine 2,4-Dinitrophenol 

  Hexachlorocyclopentadiene 4-Nitrophenol 
 
7.3.2  Initial Calibration Verification (ICV) - A second source standard at the 

50 µg/mL level is used to check the validity of the curve.  The standard 
recovery for all analytes must be between 75 and 125% (70-130% for 8270D).  
If the second source recovery is above 125% or 130% for 8270D, it is possible 
that the main standard has deteriorated for that compound.  That standard 
should be remade and reevaluated.  If that does not correct the problem, the 
standard should probably be replaced and a new curve generated.  If the second 
source recovery is below 75% or 70% for 8270D, the second source standard 
may have deteriorated for that compound.  The standard should be remade and 
reanalyzed.  If this does not correct the problem, the standard should probably 
be replaced. If any compound in the ICV exceeds the criteria above, it may be 
evaluated and initialed by the organic section manager.  If deemed acceptable, 
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the analyst may continue analysis. Any manual integrations are documented by 
inclusion of the integrated signals with the quantitation report and 
chromatogram.  All integrations are checked for acceptability. For ICV 
standard preparation  refer to standard log book. 

 
7.4  Continuing Calibration Verification (CCV)- Every 12 hours a CCV at 50 µg/mL 

must be analyzed and calculated against the initial calibration curve, then shown to 
meet the calibration check criteria before any sample analysis may be performed.  
Acceptance criteria for 8270C consists of the same SPCC requirements as the initial 
calibration.  The CCCs must be less than or equal to 20% difference or drift (%D, 
calculations follow in section 7.9).  If any of the CCCs do not meet the above limits, 
then all required analytes must be <20%D. Internal standard areas should be within 
50 to 200 percent of the area of the curve midpoint or the previous CCV.  Retention 
times for the internal standards should be within 30 seconds of the retention time of 
the curve midpoint or the previous CCV.  Method 625 requires a %D of less than 
20% for all required analytes.  Any manual integrations are documented by 
inclusion of the integrated signals with the quantitation report and chromatogram. 
All integrations are checked for acceptability.  Samples are then quantitated against 
the initial calibration curve.  Note:  If any compound in the continuing calibration 
not subject to the criteria above exceeds 30%D, it must be evaluated and initialed by 
the organic section manager.  If deemed acceptable, the analyst may continue 
analysis. For 8270D, the 20% difference criteria must be applied to all 
compounds. If the criterion is not met for more than 20% of the compounds 
included in the initial calibration, then the GC system should undergo 
maintenance. If this does not solve the problem, then the initial calibration 
should be repeated. Each of the most common target analytes should meet the 
minimum response factors listed in Table 4. In situations where the failed 
compound is present, the data must be flagged as estimated. If the compound 
fails high in the CCV and is not present, the result can be reported as non-
detect. 

 

7.5     LCS - The LCS is extracted 1 per extraction batch of up to 20 samples.  The LCS 
containing all regular full list calibrated compounds is spiked into deionized water 
or sodium sulfate for soil using an alternate source or lot number than the calibration 
standards. See the LCS report forms in the appendix for example laboratory 
generated limits and the NPDES limits for 625 samples. Recoveries for the 
MS/MSD spike analytes in LCSs are charted annually to generate control limits for 
samples analyzed by method 8270C.  In all cases, the lowest upper limit would be 
100% and the lowest lower limit would be 10%.  If enough data points are not 
present to generate limits, the limits default to CLP spike limits for spike analytes or 
10-100% for all other analytes. See Section 8.3 below for corrective action.  

     When analyzing samples for DOD QSM Version 3, DOD limits will be used. 
 

7.6     Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch 
up to 20 samples.  See Section 8.4 below for criteria and corrective action. 

 

7.7 Samples - Prior to analysis, 1.0 mL samples are prepared by verifying volume and 
spiking with 20uL of the internal standard solution.  
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7.8 Instrument sequence-The instrument sequence log is filled out prior to sample 
analyses.  

       An example of a typical instrument sequence log follows: 
1-DFTPP Tune (12:00 am)  
2-CCV 
3-LCS 
4-Method Blank (or sample) 
5-Sample 
6-Sample 
7-Sample 
8-Sample 
9-Sample 
10-Sample 
11-Sample-MS 
12-Sample-MSD 
13-Sample 
14-Sample 
15-Sample  
16-DFTPP (12:00pm - 12 hours since last DFTPP/CCV) 
17-CCV 
18-Sample 
19-Sample 
20-Sample 
 

7.9  Data Reduction/Evaluation - Each sample analysis sequence is documented using the 
computer run log generated on the chemstation.  This run log is signed, dated and 
paginated then placed in a 3 ring binder for that instrument.  After the sample has been 
analyzed, the data is processed through Target DB on the Windows NT data system. 
The following must be checked to determine if the sample will need any reanalysis or 
dilution.  Formal data evaluation is detailed in SOP-200 and documented using the 
Analyst Data Review Checklist (see Appendix). See SOP-224 for guidance on 
manual integrations. 
 
7.9.1     Internal Standards - Areas should be within 50 to 200 percent of the area of the 

curve midpoint.  Retention time should be within 30 seconds of the retention 
time of the curve midpoint.  If not, the sample and historical data should be 
evaluated to determine the cause of the problem.  If matrix effect is confirmed 
by reextraction/reanalysis or historical data, complete a corrective action report 
and flag the affected compounds on the final report for matrix effect.  Note:  
criteria applies to the continuing calibration, not samples, but is used as an 
indication of the sample analysis validity. 

 
7.9.2   Surrogates – Control limits are determined annually by charting LCSs and 

method blanks.  In all cases, the lowest upper limit would be 100% and the 
lowest lower limit would be 10%.  All of the three surrogates for each fraction 
must be within the control limits in order for the extraction batch to be in 
control.  If a surrogate exceeds the limits, the reason for the malfunction must 
be determined and a corrective action report must be completed.  The sample 
must be reanalyzed, reextracted or flagged for QC problems.  Federal Register 
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Method 625 contains no criteria for surrogate recovery. When analyzing 
samples for DOD QSM Version 3, DOD limits will be used. 

 
Surrogate Water Soil/Sediment 
Nitrobenzene-d5 30-110 30-110 
2-Fluorobiphenyl 35-110 35-110 
Terphenyl-d14 55-125 40-120 
Phenol-d6 15-110 30-110 
2-Fluorophenol 15-110 25-110 
2,4,6-Tribromophenol 45-125 30-115 

 
7.9.3 Analyte concentration must be within the range of the calibration curve after 

rounding to 2 significant figures.  If an analyte exceeds the curve, a dilution 
must be performed and the next sample must be checked for carryover.  Any 
dilution should keep the concentration of the analyte in question within the top 
half of the curve. 

 
7.9.4 The qualitative identification of compounds is based on retention time and a 

comparison of the sample mass spectrum, after background subtraction, with 
characteristic ions in a reference mass spectrum from the NBS database 
(NBS75K.I).  This database is used as it contains relatively uncontaminated 
mass spectra of each target compound which cannot be obtained from the daily 
calibrations during each 12 hour analytical period due to overlapping peaks in 
the mixes.  Characteristic ions from the reference mass spectrum library are 
defined as the three ions of greatest relative intensity, or any ions over 30% 
relative intensity, if less than three such ions occur in the reference spectrum.  
In addition, the following criteria must be met.  The RRT of the sample analyte 
must be within 0.06 RRT units of the RRT of the standard analyte.  The 
relative intensities of the characteristic ions must agree within 30% of the 
relative intensities of the same ions in the reference spectrum.  Structural 
isomers that produce very similar mass spectra should be identified as 
individual isomers so long as their GC retention times differ substantially.  A 
library search may be made for analytes not associated with the calibration for 
the purpose of tentative identification.  NOTE:  The GC/MS analyst uses 
intelligence guided by experience to make the identifications.  In 
uncontaminated spectra where ions are missing due to low concentration, if the 
major ions are present in the correct ratios at the correct retention time, the 
identification will be considered positive.  In contaminated spectra, special 
emphasis will be placed upon higher mass ions, and the major ions will usually 
need to be present as major components of the spectrum (either unsubtracted or 
subtracted) for the identification to be positive.  All assessments of relative 
intensities of ions will be made by visual estimates from the spectra. 

  
7.9.5 Quantitation - Once a compound has been identified qualitatively, the 

concentration must then be quantitated.  If the RSD of the compound’s 
response factor is 15%(20% 8270D) or less, then the concentration may be 

determined using the average response factor (––RF) from the initial calibration 
data.  Otherwise, the concentration must be determined from equations based 
on internal standard calibration using either linear or non-linear calibration.  
Calculations follow in Section 7.10. 
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7.10 Calculations: 

 
7.10.1 The RF is calculated as follows: 
 
 where: 

As  = Peak area (or height) of the analyte or surrogate. 
Ais  = Peak area (or height) of the internal standard. 
Cs  = Concentration of the analyte or surrogate. 
Cis  = Concentration of the internal standard. 
 

7.10.2 Calibration verification involves the calculation of the percent drift (linear 
or quadratic) or the percent difference (average) of the instrument response 
between the initial calibration and each subsequent analysis of the 
verification standard.  Use the equations below to calculate % Drift or 
% Difference, depending on the calibration procedure used. 

 
      (Calculated concentration – Theoretical concentration) * 100 
   % Drift =     Theoretical Concentration 

 
where the calculated concentration is determined from the initial 
calibration and the theoretical concentration is the concentration at which 
the standard was prepared. 

 
    (CCV RF – Average RF) * 100 

     % Difference =    Average RF 
 
 

where CCV RF is the response factor from the analysis of the verification 
standard and Average RF is the average response factor from the initial 
calibration. The % difference or % drift calculated for the calibration 
verification standard must be within ±20% for each CCC analyte, or for all 
target analytes if the CCCs are not target analytes, before any sample 
analyses may take place. 20% difference for 8270D. 

 
7.10.3  Concentration in water samples is calculated as follows:  [Note: Using the 

units specified here for these terms will result in a concentration in units of 
ng/mL, which is equivalent to μg/L.] 

 
 

 
 
 
where: 
As = Area (or height) of the peak for the analyte in the sample. 
Ais = Area (or height) of the peak for the internal standard. 
Cis = Concentration of the internal standard in the volume extracted 

in ug/L.   
D = Dilution factor, if the sample was diluted prior to analysis.  If 

no dilution was made, D = 1.  The dilution factor is always 
dimensionless. 

C x A
C x A = RF

sis

iss  

)(1000)V)(RF)(A(
)V)(D)(C)(A( = g/L)(ion Concentrat

sis

iissμ  
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Vi = Volume of the extract injected (μL).  The nominal injection 
volume for samples and calibration standards must be the 
same. 

––RF = Mean response factor from the initial calibration.  
Vs = Volume of the aqueous sample extracted (mL).  If units of 

liters are used for this term, multiply the results by 1000. 
 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 
7.10.4 Concentration in non-aqueous samples is calculated as follows:  [Note: 

Using the units specified here for these terms will result in a concentration 
in units of ng/g, which is equivalent to μg/kg.] 

 
 

7.10.5  
 
 
 
 

where:  As, 

Ais, Cis, D, and ––RF are the same as for aqueous samples, and 
Ws = Weight of sample extracted (g).  Either a dry weight or wet 

weight may be used, depending upon the specific application 
of the data.  If units of kilograms are used for this term, 
multiply the results by 1000. 

 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 
8.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 

8.1 Internals - All samples and QC are spiked with internal standards.  See section 7.9.1 
above for criteria and corrective action. 

8.2 Surrogates - All samples and QC are spiked with surrogates.  The surrogate 
recoveries from method blanks and LCS are used to generate control control limits 
for the surrogates.  See section 7.9.2 above for criteria and corrective action.  If any 
surrogate recoveries are below 10%, samples must be re-extracted if sample is 
available. 

8.3 LCS Sample - The LCS is extracted 1 per extraction batch of up to 20 samples. The 
LCS is spiked using an alternate source or lot number than the calibration standards.   
If the LCS compound has a recovery above the upper limit, but the same compound 
is not detected in any of the batch samples, no corrective action is required.  For all 
other situations, the LCS should be reanalyzed for the failed analytes only.  If the 
second analysis fails, all associated samples should be reextracted/reanalyzed for the 
failed analytes only or the data must be evaluated for flagging due to QC problems. 

8.4 Method Blanks - The concentration of all method target analytes should be below the 
MDL for each method target analyte(<RL for common lab contaminants and <1/2 
RL for other targets for DOD QSM Ver.3 projects).  The first step of corrective 

)(1000)W)(RF)(A(
)V)(D)(C)(A( = g/kg)(ion Concentrat

sis

iissμ  
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action is to assess the effect on the samples.  If an analyte is found only in the method 
blank, but not in any batch samples, no further corrective action may be necessary.  
Steps should be taken to find/reduce/eliminate the source of this contamination in the 
method blank.  If an analyte is found in the method blank and some, or all, of the 
other batch samples, then corrective action is required.  The source of contamination 
must be investigated and appropriate action taken and documented to 
find/reduce/eliminate the source of this contamination.  The method blank, and any 
samples containing the same contaminant, may need to be reextracted/reanalyzed.  
For the common laboratory contaminants, meeting the above requirements is not 
practical.  Random cases of contamination are difficult to control, however, daily 
contamination is not acceptable and corrective action is essential. If a contaminant is 
found in the method blank and the samples, the compound concentration must be 
flagged with a 'B' on the final report unless the concentration is greater than 10x that 
found in the method blank. 

8.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are 
spiked for a MS/MSD (for full list spikes, the full list spiking solution is used).  
Control limits for the MS/MSD recoveries are the same as those for the LCS 
found in the appendix.  RPD limits are found on the LCS report forms in the 
appendix.  Samples which do not meet these criteria due to matrix must be 
evaluated for flagging on the final report due to QC problems.  Generally, 
batch control is not based on MS/MSD results unless general method failure is 
determined to be the problem.  In that case, the samples and associated QC 
would be reanalyzed for the failed analytes only.  MS data evaluation must 
include the consideration of the following factors. When analyzing samples 
for DOD QSM Version 3, DOD limits will be used. 

 
 
8.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  Corrective 
action must be taken in the form of reanalysis if a method problem is indicated. 

 
8.5.2 Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was two or more times 
the concentration of the spike, no further corrective action may be necessary 
other than the generation of a corrective action report to document the problem. 

 
8.5.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS and 

MSD and is not traced to a method problem, no further action may be 
necessary other than the generation of a corrective action report to document 
the problem. 

 
8.5.4 Non-target Interference - The presence of significant non-target interference                

should be brought to the immediate attention of your supervisor who should 
discuss the problem with the client/project manager to determine the action to 
be taken. 

         8.5.5 Demonstration of Capability (DOC) – Each new analyst must complete a 
demonstration of capability by analyzing four LCSs with acceptable precision 
and accuracy. This also must be done when a new instrument is installed or a 
significant change to the method has been made. 
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9.0 HEALTH AND SAFETY 

9.1 Care should be used in handling all samples.  Safety glasses must be worn in the lab at 
all times.  The use of gloves and lab coats is highly recommended. 

9.2 Research into expected sample content and concentration should be done in order to be 
prepared for additional safety considerations.  Generally, any samples which need 
special consideration have applicable notes on the sample logs. 

9.3 MSDS sheets are available for all reagents and standards which have been purchased.  
These are located on the bookshelf outside the office supply storage room. 

 

10.0 WASTE MANAGEMENT AND POLLUTION PREVENTION 

        10.1 Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste coming 
from this area within our laboratory. 

         10.2    Quantity of chemicals purchased should be based on expected usage during its shelf-
life and the disposal cost of unused material. Actual reagent preparation volumes 
should reflect anticipated usage and reagent stability. 

 
 
 
11.0 TABLE OF DEFINITIONS, REFERENCES & EXAMPLE FORMS 
 

Definitions and examples of the LCS report sheets (625 water limits, in-house water 
limits and in-house soil limits), the analyst data review checklist and figure 13 
from Federal Register method 625 for the tailing factor calculation are located 
in the appendix. When analyzing samples for DOD QSM Version 3, DOD 
limits will be used for surrogates, LCS, and MS/MSD. 
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 TABLE OF DEFINITIONS 
 

1. amu- atomic mass unit 
2. BNA- Base neutral/acid 
3. °C- degrees Centigrade 
4. CCC- Calibration Check Compound 
5. CCV- Continuing Calibration Verification 
6. CLP- Contract Laboratory Program  
7. %D- percent difference 
8. DFTPP- Difluorotriphenyphosphine 
9. EICP- extracted ion current profile  
10. EPA- Environmental Protection Agency 
11. g- gram or grams 
12. GC- Gas Chromatograph 
13. GC/MS- Gas Chromatograph/Mass Spectrometer 
14. ICV- Initial Calibration Verification 
15. I.D.- inner diameter 
16. ISTD- internal standard 
17. LSC- Laboratory Sample Concentrator 
18. MDL- method detection limit 
19. MS- Matrix Spike 
20. MSD- Matrix Spike Duplicate 
21. M.S.- Mass Spectrometer 
22. μm- micometer 
23. μL- microliter 
24. mL- milliliter 
25. mm- millimeter 
26. ng- nanogram 
27. NPDES- National Pollutant Discharge Elimination System 
28. P&T- purge and trap 
29. QC- quality control 
30. %R- percent recovery 
31. RPD- relative percent difference 
32. RRT- relative retention time 
33. %RSD- percent relative standard deviation 
34. SOP- Standard Operating Procedure 
35. Surr.- surrogate 
36. SPCC- System Performance Check Compound 
37. TCLP- Toxicity Characteristic Leaching Procedure 
38. USACE- United States Army Corps Of Engineers 
39.  LCS – Lab Control Sample 
Refer to SOP-431 for additional definitions 

REFERENCES 
 
1. 40 CFR, Part 136; Appendix A 
2. Test Methods for Evaluating Solid Waste, SW-846 
3. National Environmental Laboratory Accreditation Conference; CH. 5, 2003 
4. USACE, EM 200-1-3; Appendix 1; Shell, 2/2001 
5. DOD Quality Systems Manual for Environmental Laboratories, Ver.3,  01/2006 
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FORM 3 
 

WATER SEMIVOLATILE LAB CONTROL SAMPLE (625) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |  100.00 |     0.0000  |      100.00 |  100 |47-145| 
  | Acenaphthylene         |  100.00 |     0.0000  |      100.00 |  100 |33-145| 
  | Anthracene             |  100.00 |     0.0000  |      100.00 |  100 |27-133| 
  | Benzidine              |  100.00 |     0.0000  |      100.00 |  100 | D-110| 
  | Benzo(a)anthracene     |  100.00 |     0.0000  |      100.00 |  100 |33-143| 
  | Benzo(b)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |24-159| 
  | Benzo(k)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |11-162| 
  | Benzo(g,h,i)perylene   |  100.00 |     0.0000  |      100.00 |  100 | D-219| 
  | Benzo(a)pyrene         |  100.00 |     0.0000  |      100.00 |  100 |17-163| 
  | bis(2-Chloroethoxy)meth|  100.00 |     0.0000  |      100.00 |  100 |33-184| 
  | bis(2-Chloroethyl)ether|  100.00 |     0.0000  |      100.00 |  100 |12-158| 
  | bis(2-Chloroisopropyl)e|  100.00 |     0.0000  |      100.00 |  100 |36-166| 
  | Bis(2-ethylhexyl)phthal|  100.00 |     0.0000  |      100.00 |  100 | 8-158| 
  | 4-Bromophenyl-phenyleth|  100.00 |     0.0000  |      100.00 |  100 |53-127| 
  | Butylbenzylphthalate   |  100.00 |     0.0000  |      100.00 |  100 | D-152| 
  | 4-Chloro-3-methylphenol|  100.00 |     0.0000  |      100.00 |  100 |22-147| 
  | 2-Chloronaphthalene    |  100.00 |     0.0000  |      100.00 |  100 |60-118| 
  | 2-Chlorophenol         |  100.00 |     0.0000  |      100.00 |  100 |23-134| 
  | 4-Chlorophenyl-phenylet|  100.00 |     0.0000  |      100.00 |  100 |25-158| 
  | Chrysene               |  100.00 |     0.0000  |      100.00 |  100 |17-168| 
  | Dibenz(a,h)anthracene  |  100.00 |     0.0000  |      100.00 |  100 | D-227| 
  | 1,2-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |32-129| 
  | 1,3-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 | D-172| 
  | 1,4-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |20-124| 
  | 3,3'-Dichlorobenzidine |  100.00 |     0.0000  |      100.00 |  100 | D-262| 
  | 2,4-Dichlorophenol     |  100.00 |     0.0000  |      100.00 |  100 |39-135| 
  | Diethylphthalate       |  100.00 |     0.0000  |      100.00 |  100 | D-114| 
  | 2,4-Dimethylphenol     |  100.00 |     0.0000  |      100.00 |  100 |32-119| 
  |________________________|_________|_____________|_____________|______|______| 
  # Column to be used to flag recovery and RPD values with an asterisk 
 
  * Values outside of QC limits 
 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 2                      FORM III SV                              
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                                FORM 3 
 
                WATER SEMIVOLATILE LAB CONTROL SAMPLE (625) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Dimethylphthalate      |  100.00 |     0.0000  |      100.00 |  100 | D-112| 
  | Di-n-butylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 1-118| 
  | 4,6-Dinitro-2-methylphe|  100.00 |     0.0000  |      100.00 |  100 | D-181| 
  | 2,4-Dinitrophenol      |  100.00 |     0.0000  |      100.00 |  100 | D-191| 
  | 2,4-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |39-139| 
  | 2,6-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |50-158| 
  | Di-n-octylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 4-146| 
  | Fluoranthene           |  100.00 |     0.0000  |      100.00 |  100 |26-137| 
  | Fluorene               |  100.00 |     0.0000  |      100.00 |  100 |59-121| 
  | Hexachlorobenzene      |  100.00 |     0.0000  |      100.00 |  100 | D-152| 
  | Hexachlorobutadiene    |  100.00 |     0.0000  |      100.00 |  100 |24-116| 
  | Hexachlorocyclopentadie|  100.00 |     0.0000  |      100.00 |  100 |15- 70| 
  | Hexachloroethane       |  100.00 |     0.0000  |      100.00 |  100 |40-113| 
  | Indeno(1,2,3-cd)pyrene |  100.00 |     0.0000  |      100.00 |  100 | D-171| 
  | Isophorone             |  100.00 |     0.0000  |      100.00 |  100 |21-196| 
  | Naphthalene            |  100.00 |     0.0000  |      100.00 |  100 |21-133| 
  | Nitrobenzene           |  100.00 |     0.0000  |      100.00 |  100 |35-180| 
  | 2-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 |29-182| 
  | 4-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 | D-132| 
  | N-Nitroso-di-methylamin|  100.00 |     0.0000  |      100.00 |  100 |29- 66| 
  | N-Nitrosodiphenylamine |  100.00 |     0.0000  |      100.00 |  100 |23-100| 
  | N-Nitroso-di-n-propylam|  100.00 |     0.0000  |      100.00 |  100 | D-230| 
  | Pentachlorophenol      |  100.00 |     0.0000  |      100.00 |  100 |14-176| 
  | Phenanthrene           |  100.00 |     0.0000  |      100.00 |  100 |54-120| 
  | Phenol                 |  100.00 |     0.0000  |      100.00 |  100 | 5-112| 
  | Pyrene                 |  100.00 |     0.0000  |      100.00 |  100 |52-115| 
  | 1,2,4-Trichlorobenzene |  100.00 |     0.0000  |      100.00 |  100 |44-142| 
  | 2,4,6-Trichlorophenol  |  100.00 |     0.0000  |      100.00 |  100 |37-144| 
  |________________________|_________|_____________|_____________|______|______| 
  # Column to be used to flag recovery and RPD values with an asterisk 
 
  * Values outside of QC limits 
 
  RPD:  0 out of  0 outside limits 
  Spike Recovery:  0 out of 56 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
page 2 of 2                      FORM III SV                              
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               WATER SEMIVOLATILE LAB CONTROL SAMPLE (In-House) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |   100.0 |     0.0000  |     100.00  |  100 |40-112| 
  | 4-Chloro-3-methylphenol|   200.0 |     0.0000  |     200.00  |  100 |32-110| 
  | 2-Chlorophenol         |   200.0 |     0.0000  |     200.00  |  100 |29-110| 
  | 1,4-Dichlorobenzene    |   100.0 |     0.0000  |     100.00  |  100 |26-110| 
  | 2,4-Dinitrotoluene     |   100.0 |     0.0000  |     100.00  |  100 |46-122| 
  | 4-Nitrophenol          |   200.0 |     0.0000  |     200.00  |  100 |21-110| 
  | N-Nitroso-di-n-prop.(1)|   100.0 |     0.0000  |     100.00  |  100 |39-110| 
  | Pentachlorophenol      |   200.0 |     0.0000  |     200.00  |  100 |32-133| 
  | Phenol                 |   200.0 |     0.0000  |     200.00  |  100 |10-110| 
  | Pyrene                 |   100.0 |     0.0000  |     100.00  |  100 |51-137| 
  | 1,2,4-Trichlorobenzene |   100.0 |     0.0000  |     100.00  |  100 |28-110| 
  |________________________|_________|_____________|_____________|______|______| 
 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |     MSD     | MSD  |      |             | 
  |                        | ADDED   |CONCENTRATION|  %   |  %   |  QC LIMITS  | 
  |  COMPOUND              | (UG/L)  |   (UG/L)    | REC #| RPD #| RPD  | REC. | 
  |========================|=========|=============|======|======|======|======| 
  | Acenaphthene           |   100.0 |     100.00  |  100 |    0 |   31 |40-112| 
  | 4-Chloro-3-methylphenol|   200.0 |     200.00  |  100 |    0 |   42 |32-110| 
  | 2-Chlorophenol         |   200.0 |     200.00  |  100 |    0 |   40 |29-110| 
  | 1,4-Dichlorobenzene    |   100.0 |     100.00  |  100 |    0 |   28 |31-110| 
  | 2,4-Dinitrotoluene     |   100.0 |     100.00  |  100 |    0 |   38 |46-122| 
  | 4-Nitrophenol          |   200.0 |     200.00  |  100 |    0 |   50 |21-110| 
  | N-Nitroso-di-n-prop.(1)|   100.0 |     100.00  |  100 |    0 |   38 |39-110| 
  | Pentachlorophenol      |   200.0 |     200.00  |  100 |    0 |   50 |32-133| 
  | Phenol                 |   200.0 |     200.00  |  100 |    0 |   42 |10-110| 
  | Pyrene                 |   100.0 |     100.00  |  100 |    0 |   31 |51-137| 
  | 1,2,4-Trichlorobenzene |   100.0 |     100.00  |  100 |    0 |   28 |28-110| 
  |________________________|_________|_____________|______|______|______|______| 
 
   (1) N-Nitroso-di-n-propylamine 
  # Column to be used to flag recovery and RPD values with an asterisk 
  * Values outside of QC limits 
 
  RPD:  0 out of 11 outside limits 
  Spike Recovery:  0 out of 22 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 1                      FORM III SV                              
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             SOIL SEMIVOLATILE LAB CONTROL SAMPLE (In-House) 
 
  Lab Name: Empirical Laboratories              Contract:                     
 
  Lab Code: ELABN     Case No.: NA      SAS No.: NA       SDG No.:   
 
  Matrix Spike   -   Client Sample No.:         Level:(low/med) LOW 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/Kg) |   (ug/Kg)   |   (ug/Kg)   | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |   10000 |     0.0000  |      10000  |  100 |27-116| 
  | 4-Chloro-3-methylphenol|   20000 |     0.0000  |      20000  |  100 |18-111| 
  | 2-Chlorophenol         |   20000 |     0.0000  |      20000  |  100 |10-110| 
  | 1,4-Dichlorobenzene    |   10000 |     0.0000  |      10000  |  100 |14-110| 
  | 2,4-Dinitrotoluene     |   10000 |     0.0000  |      10000  |  100 |34-110| 
  | 4-Nitrophenol          |   20000 |     0.0000  |      20000  |  100 |24-120| 
  | N-Nitroso-di-n-prop.(1)|   10000 |     0.0000  |      10000  |  100 |24-112| 
  | Pentachlorophenol      |   20000 |     0.0000  |      20000  |  100 |10-114| 
  | Phenol                 |   20000 |     0.0000  |      20000  |  100 |10-110| 
  | Pyrene                 |   10000 |     0.0000  |      10000  |  100 |33-150| 
  | 1,2,4-Trichlorobenzene |   10000 |     0.0000  |      10000  |  100 |19-110| 
  |________________________|_________|_____________|_____________|______|______| 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |    LCSD     | LCSD |      |             | 
  |                        | ADDED   |CONCENTRATION|  %   |  %   |  QC LIMITS  | 
  |  COMPOUND              | (ug/Kg) |   (ug/Kg)   | REC #| RPD #| RPD  | REC. | 
  |========================|=========|=============|======|======|======|======| 
  | Acenaphthene           |   10000 |      10000  |  100 |    0 |   19 |27-116| 
  | 4-Chloro-3-methylphenol|   20000 |      20000  |  100 |    0 |   42 |18-111| 
  | 2-Chlorophenol         |   20000 |      20000  |  100 |    0 |   50 |10-110| 
  | 1,4-Dichlorobenzene    |   10000 |      10000  |  100 |    0 |   27 |14-110| 
  | 2,4-Dinitrotoluene     |   10000 |      10000  |  100 |    0 |   47 |34-110| 
  | 4-Nitrophenol          |   20000 |      20000  |  100 |    0 |   50 |24-120| 
  | N-Nitroso-di-n-prop.(1)|   10000 |      10000  |  100 |    0 |   38 |24-112| 
  | Pentachlorophenol      |   20000 |      20000  |  100 |    0 |   47 |40-110| 
  | Phenol                 |   20000 |      20000  |  100 |    0 |   35 |10-110| 
  | Pyrene                 |   10000 |      10000  |  100 |    0 |   36 |33-150| 
  | 1,2,4-Trichlorobenzene |   10000 |      10000  |  100 |    0 |   23 |19-110| 
  |________________________|_________|_____________|______|______|______|______| 
 
   (1) N-Nitroso-di-n-propylamine 
  # Column to be used to flag recovery and RPD values with an asterisk 
  * Values outside of QC limits 
  RPD:  0 out of 11 outside limits 
  Spike Recovery:  0 out of 22 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 1                      FORM III SV          
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BNA STANDARDS USED 
base/neutral mix (2000ppm) acids mix (2000ppm) 
bis(2-Chloroethyl)ether 2,4-Dinitrophenol 
bis(2-Chloroisopropyl)ether 2-Methylphenol 
1,3-Dichlorobenzene 4-Methylphenol 
1,2-Dichlorobenzene Benzoic acid 
1,4-Dichlorobenzene 4,6-Dinitro-2-methylphenol 
Hexachloroethane 4-Nitrophenol 
N-Nitroso-di-methylamine 2,4,5-Trichlorophenol 
N-Nitroso-di-n-propylamine 2,4,6-Trichlorophenol 
2,4-Dinitrotoluene Phenol 
2,6-Dinitrotoluene Pentachlorophenol 
Fluorene 2-Nitrophenol 
Dimethylphthalate 4-Chloro-3-methylphenol 
Hexachlorocyclopentadiene 2,4-Dichlorophenol 
Anthracene 2,4-Dimethylphenol 
4-Bromophenyl-phenylether Benzoic acid 
Di-n-butylphthalate 
bis(2-Chloroethoxy)methane 
1,2-Diphenylhydrazine semivoa misc.mix(2000ppm) 
Fluoranthene Aniline 
Hexachlorobenzene Benzyl alcohol 
N-Nitrosodiphenylamine Carbazole 
Phenanthrene 4-Chloroaniline 
Hexachlorobutadiene Dibenzofuran 
Isophorone 2-Methylnaphthalene 
Naphthalene 2-Nitroaniline 
Nitrobenzene 3-Nitroaniline 
1,2,4-Trichlorobenzene 4-Nitroaniline 
Acenaphthene Pyridine 
Acenaphthylene 
2-Chloronaphthalene 
4-Chlorophenyl-phenylether Benzidine mix (2000ppm) 
Diethylphthalate Benzidine 
Benzo(a)anthracene 3,3'-Dichlorobenzidine 
Bis(2-ethylhexyl)phthalate 
Butylbenzylphthalate 
Chrysene individual mixes (10,000ppm) 
p-(Dimethylamino)azobenzene Caprolactam 
Pyrene Benzaldehyde 
Benzo(b)fluoranthene Atrazine 
Benzo(k)fluoranthene 1,1'-Biphenyl 
Benzo(g,h,i)perylene Catechol 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
Di-n-octylphthalate 
Indeno(1,2,3-cd)pyrene 
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INTERNAL STANDARD ASSOCIATION / QUANT ION TABLE 
COMPOUND *I.S Q.M COMPOUND *I.S Q.M

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Dimethylphthalate 59 163

Acetophenone 1 105 Hexachlorocyclopentadiene 59 237
Aniline 1 93 2,4-Dinitrophenol 59 184
Benzaldehyde 1 106 2,4-Dinitrotoluene 59 165
Benzyl alcohol 1 108 2,6-Dinitrotoluene 59 165
bis(2-Chloroethyl)ether 1 93 Fluorene 59 166
bis(2-Chloroisopropyl)ether 1 45 2-Nitroaniline 59 65 
1,3-Dichlorobenzene 1 146 3-Nitroaniline 59 138
1,2-Dichlorobenzene 1 146 4-Nitroaniline 59 138
1,4-Dichlorobenzene 1 146 4-Nitrophenol 59 65 
2-Methylphenol 1 108 2,4,5-Trichlorophenol 59 196
4-Methylphenol 1 108 2,4,6-Trichlorophenol 59 196
3-Methylphenol 1 108 2-Fluorobiphenyl (S) 59 172
Phenol 1 94 Phenanthrene-d10 (I.S) (79)  188
Pyridine 1 79 Anthracene 79 178
Hexachloroethane 1 117 Atrazine 79 200
N-Nitroso-di-methylamine 1 42 4-Bromophenyl-phenylether 79 248
N-Nitroso-di-n-propylamine 1 70 Carbazole 79 167
2-Fluorophenol (S) 1 112 Di-n-butylphthalate 79 149
Phenol-d6 (S) 1 99 4,6-Dinitro-2-methylphenol 79 198

Naphthalene-d8 (I.S)(35)  136 1,2-Diphenylhydrazine 79 77 
Benzoic acid 35 105 Fluoranthene 79 202
bis(2-Chloroethoxy)methane 35 93 Hexachlorobenzene 79 284
Caprolactam 35 113 N-Nitrosodiphenylamine 79 169
4-Chloroaniline 35 127 Pentachlorophenol 79 266
4-Chloro-3-methylphenol 35 107 Phenanthrene 79 178
2,4-Dichlorophenol 35 162 2,4,6-Tribromophenol (S) 79 330
2,4-Dimethylphenol 35 107 Chrysene-d12 (I.S) (92)  240
Hexachlorobutadiene 35 225 Benzidine 92 184
Isophorone 35 82 Benzo(a)anthracene 92 228
2-Methylnaphthalene 35 141 Bis(2-ethylhexyl)phthalate 92 149
Naphthalene 35 128 Butylbenzylphthalate 92 149
Nitrobenzene 35 77 Chrysene 92 228
2-Nitrophenol 35 139 3,3'-Dichlorobenzidine 92 252
1,2,4-Trichlorobenzene 35 180 p-(Dimethylamino)azobenzene 92 225
Catechol 35 110 Pyrene 92 202
Nitrobenzene-d5 (S) 35 82 Terphenyl-d14 (S) 92 244

Acenaphthene-d10 (I.S) (59)  164 Perylene-d12 (I.S) (101)  264
Acenaphthene 59 153 Benzo(b)fluoranthene 101 252
Acenaphthylene 59 152 Benzo(k)fluoranthene 101 252
1,1'-Biphenyl 59 154 Benzo(g,h,i)perylene 101 276
2-Chloronaphthalene 59 162 Benzo(a)pyrene 101 252
4-Chlorophenyl-phenylether 59 204 Dibenz(a,h)anthracene 101 278
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Dibenzofuran 59 168 Di-n-octylphthalate 101 149
Diethylphthalate 59 149 Indeno(1,2,3-cd)pyrene 101 276
I.S=internal standard, Q.M=quant mass, S=surrogate 

 
INTERNAL STANDARD ASSOCIATION / QUANT ION TABLE 
COMPOUND *I.S Q.M COMPOUND *I.S Q.M

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Diphenylamine 59 169

Pentachloroethane 1 167 Thionazin 59 107
2-Picoline 1 93  59  
N-Nitrosomethylethylamine 1 88  59  
Methyl methanesulfonate 1 80  59  
N-Nitrosodiethylamine 1 102  59  
Ethyl methanesulfonate 1 79  59  
N-Nitrosopyrrolodine 1 100  59  
N-Nitrosomorpholine 1 56  59  
0-Toluidine 1 106  59  
 1   59  
 1   59  
 1   59  
 1  Phenanthrene-d10 (I.S) (79)  188
 1  4-Nitroquinoline-1-oxide 79 190
 1  Phenacetin 79 108
 1  4-Aminobiphenyl 79 169
 1  Pentachloronitrobenzene 79 237
 1  Sulfotepp 79 97 
 1  Phorate 79 75 

Naphthalene-d8 (I.S)(35)  136 Diallate 79 86 
1- Methylnaphthalene 35 141 Dimethoate 79 87 
N-Nitrosopiperidine 35 114 Pronamide 79 173
a,a-Dimethylphenethylamine 35 58 Disulfoton 79 88 
O,O,O-Triethylphosphorothioate 35 97 Dinoseb 79 211
Hexachloropropene 35 213  79  
2,6-Dichlorophenol 35 162  79  
p-Phenylenediamine 35 108 Chrysene-d12 (I.S) (92)  240
N-Nitrosodi-n-butylamine 35 84 Methapyrilene 92 97 
Safrole 35 162 p-(Dimethylamino)azobenzene 92 225
1,2,4,5-Tetrachlorobenzene 35 216 Chlorobenzilate 92 251
 35  3,3’- Dimethylbenzidine 92 212
 35  2- Acetylaminofluorene 92 181
 35  7,12-

Dimethylbenz[a]anthracene 
92 256

 35  Aramite 92 185
 35  Methyl parathion 92 109
 35  Parathion 92 109

Acenaphthene-d10 (I.S) (59)  164 Isodrin 92 193
Isosafrole 59 162 Kepone 92 272
1,4-Naphthoquinone 59 158 Famphur 92 218
Pentachlorobenzene 59 250 Perylene-d12 (I.S) (101) 101  
2-Naphthylamine 59 143 3-Methylcholanthrene 101 268
1-Naphthylamine 59 143 Hexachlorophene 101 196
2,3,4,6-Tetrachlorophenol 59 232  101  
5-Nitro-o-toluidine 59 152  101  
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I.S=internal standard, Q.M=quant mass, S=surrogate 

 
 
 
 
 
 
Internal Standards & Surrogates 
 

  
BNA internals (2000ppm) Acid surrogate (7500ppm) 
1,4-Dichlorobenzene-d4 (I.S)(1) 2-Fluorophenol (S) 
Naphthalene-d8 (I.S)(35) Phenol-d6 (S) 
Acenaphthene-d10 (I.S) (59) 2,4,6-Tribromophenol (S) 
Phenanthrene-d10 (I.S) (79) 2,-Chlorophenol-d4 (S) 
Chrysene-d12 (I.S) (92)  
Perylene-d12 (I.S) (101) BN surrogate (5000ppm) 

 Nitrobenzene-d5 (S) 
 Terphenyl-d14 (S) 
 2-Fluorobiphenyl (S) 
 1,2-Dichlorobenzene-d4 (S) 
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Reporting Limits 

 
Soil 
ug/KG 

Water 
ug/L  

Soil 
ug/KG 

Water 
ug/L 

Pyridine             330 5.0 Acenaphthylene       330 5.0 
N-Nitroso-di-methylamine 330 5.0 2,6-Dinitrotoluene   330 5.0 
Aniline              330 5.0 3-Nitroaniline       1300 20 
Phenol               330 5.0 Acenaphthene         330 5.0 
bis(2-Chloroethyl)ether 330 5.0 2,4-Dinitrophenol  3300 50 
2-Chlorophenol       330 5.0 4-Nitrophenol        1300 20 
1,3-Dichlorobenzene  330 5.0 Dibenzofuran         330 5.0 
1,4-Dichlorobenzene  330 5.0 2,4-Dinitrotoluene   330 5.0 
Benzyl alcohol       330 5.0 Diethylphthalate     330 5.0 

1,2-Dichlorobenzene  330 5.0 
4-Chlorophenyl-
phenylether 330 5.0 

2-Methylphenol       330 5.0 Fluorene             330 5.0 
bis(2-Chloroisopropyl)ether 330 5.0 4-Nitroaniline       1300 20 
3-Methylphenol       330 5.0 2,3,4,6-Tetrachlorophenol 330 5.0 
4-Methylphenol       330 5.0 1,1'-Biphenyl 330 5.0 
N-Nitroso-di-n-propylamine 330 5.0 1,2-Diphenylhydrazine 330 5.0 
Hexachloroethane     330 5.0 Carbazole            330 5.0 

Benzaldehyde 330 5.0 
4,6-Dinitro-2-methyl 
phenol 1300 20 

Nitrobenzene         330 5.0 N-Nitrosodiphenylamine 330 5.0 

Isophorone           330 5.0 
4-Bromophenyl-
phenylether 330 5.0 

2-Nitrophenol        330 5.0 Hexachlorobenzene    330 5.0 
2,4-Dimethylphenol   1300 20 Pentachlorophenol   1300 20 
Benzoic acid         3300 50 Phenanthrene         330 5.0 
bis(2-Chloroethoxy)methane 330 5.0 Anthracene           330 5.0 
2,4-Dichlorophenol   330 5.0 Di-n-butylphthalate  330 5.0 
1,2,4-Trichlorobenzene 330 5.0 Fluoranthene         330 5.0 
Naphthalene          330 5.0 Atrazine 330 5.0 
4-Chloroaniline      330 5.0 Benzidine 3300 50 
Hexachlorobutadiene  330 5.0 Pyrene               330 5.0 
4-Chloro-3-methylphenol 330 5.0 Butylbenzylphthalate 330 5.0 
2-Methylnaphthalene  330 5.0 3,3'-Dichlorobenzidine 330 5.0 
1-Methylnaphthalene 330 5.0 Benzo(a)anthracene   330 5.0 
Acetophenone 330 5.0 Chrysene             330 5.0 
1,2,4,5-Tetrachlorobenzene 330 5.0 Bis(2-ethylhexyl)phthalate 330 5.0 
Caprolactam 330 5.0 Di-n-octylphthalate  330 5.0 
Hexachlorocyclopentadiene 330 5.0 Benzo(b)fluoranthene 330 5.0 
2,4,6-Trichlorophenol 330 5.0 Benzo(k)fluoranthene 330 5.0 
2,4,5-Trichlorophenol 330 5.0 Benzo(a)pyrene       330 5.0 
2-Chloronaphthalene  330 5.0 Indeno(1,2,3-cd)pyrene 330 5.0 
2-Nitroaniline       1300 20 Dibenz(a,h)anthracene 330 5.0 
Dimethylphthalate    330 5.0 Benzo(g,h,i)perylene 330 5.0 
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ANALYST DATA REVIEW CHECKLIST 
Sample Number(s): 
Batch Number(s): 
Method: 8260B/8270C/8270D (Circle One) 

 
 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1.  Is the BFB/DFTPP tune performed every 12 hours and is the    tuning 

criteria met? 

 
 

 
 

 
 

 
 

 
2. Are the RRFs and % RSDs within QC limits for appropriate   

analytes for the initial calibration? Check the retention times for 
compounds with the same spectra. Check compounds with 
different conc.( eg. m/p-xylene, ketones,etc.). 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
     3.  Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 

 
 
 

 
 
 

 
 
 

 
     4.  Does the Continuing Calibration Standard (CCV) meet the criteria for the 

CCCs and SPCCs. 
  

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
     5.  Is the Method Blank run at the desired frequency and is its concentration 

for target analytes less than the MDLs? 
  

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
     6.  Are the LCS, MS, MSD within control limits and run at the desired 

frequency? 
  

 
 
 

 
 
 

 
 
 

 
 
 

 
     7.  Are all sample holding times met, analytes within calibration range, IS 

areas and surrogate recoveries within QC limits? 
 

 
 

 
 
 

 
 
 

 
 
 

 
     8.  Was the Method Blank, LCS, MS, MSD and samples loaded to the 

GCMS_LFSYS Tablespace within the Target DB Database? 
     
 

Comments on any “No” response: 

 
 
 

Primary-Level Review:  Date:  
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    Second-Level Review:  Date:  
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GAS CHROMATOGRAPHY/ELECTRON CAPTURE DETECTOR (GC/ECD) 
      ORGANOCHLORINE PESTICIDES/POLYCHLORINATED BIPHENYLS (PCB) 

BY EPA METHOD 608/608.2 AND SW-846 METHOD 8081A, 8081B/8082, 8082A  
1.0 SCOPE AND APPLICATION  
This Standard Operating Procedure, SOP, (based primarily on SW-846 Methods 8000B/8081A/8082) 
is used for the analysis of Pesticide/PCB organic compounds in a variety of matrices (soils, 
sediments, waters, etc.).  Methods SW-846 8082, Federal Register Method 608/608.2 and CLP 
Method for Pesticides have also been used in the development of this SOP.  The analyses by these 
various methods are clearly defined in the respective regulatory manuals.  A good understanding of 
these different methods is essential to the performance of each method.  The normal laboratory list of 
analytes with their LCS limits is found attached in the appendix.  Other compounds may be analyzed 
by this SOP as detailed in section 1.0 of SW-846 Methods 8081A, 8081B/8082, 8082A.  Any 
questions left by this SOP should be answered by reading the methods, paying close attention to 
SW-846 8000B/8081A, 8081B/8082, 8082A, EPA 608/608.2 and CLP.  If questions still remain 
unanswered, check with the Organic Lab Manager, Quality Assurance Officer and/or Technical 
Director.  
2.0 METHOD SUMMARY  
After sample preparation using the appropriate extraction technique, the sample is introduced into the 
GC using direct injection.  The analytes are separated in the gas chromatograph by a combination of 
the temperature program and the capillary column.  The analytes are then detected by the ECD.  
Pesticide analytes are identified and confirmed based on the retention time of known standards.  PCB 
and multi-component pesticide analytes are identified based on pattern recognition.  Analytes are 
quantitated relative to known standards using the external standard method.  
3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE  
Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories, LLC Quality Assurance Manual 
includes details concerning sample preservation, containers and handling of samples and extracts.  
All water and soil samples are stored in the appropriate walk-in cooler in sample storage at a 
temperature of 1°C – 4.4°C. All extracts are stored in the Hobart in Semivolatile laboratory at a 
temperature of 1°C – 4.4°C.  Water samples have a holding time of 7 days from date of sampling to 
extraction.  Soil samples have a holding time of 14 days from date of sampling to extraction (unless 
otherwise specified for the project).  Extracts have a holding time of 40 days from extraction to 
analysis.  
4.0 INTERFERENCES AND POTENTIAL PROBLEMS  
Section 3.0 of SW-846 Methods 8081A/8082 and Section 4.0 of Methods 8081B/8082A details 
interferences and potential problems which may be encountered when dealing with pesticide/PCB 
analyses. Please see sample clean-up SOPs (307, 308, 309, 330, and 334) to evaluate possible clean-
up options for any encountered interferences.  
5.0. EQUIPMENT AND APPARATUS  

5.1 GC's: 
5.1.1  Agilent 6890N- complete with temperature programmable gas chromatograph suitable for 
split/splitless injection. 
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5.2 Columns:  

5.2.1 RTX-CLP (or equivalent): 30 meter x 0.32 mm ID x 0.5 µm film thickness fused 
silica column.  
5.2.2 RTX-CLP II (or equivalent): 30 meters x 0.32 mm ID x 0.5 µm film thickness fused 
silica  column.  

5.3   Autosamplers:  
5.3.1  Agilent 7683 autosamplers capable of reproducibility from one injection to 
another, proven by meeting QC and calibration criteria.  

5.4 Acquisition Software:  HP Chemstation system is interfaced to the GC.  The system acquires 
and stores data throughout the chromatographic program.  
5.5 Data Processing Software:  Target DB Windows NT data system is interfaced to the HP 
Chemstation.  The system accepts, processes and stores acquired data.  

6.0 REAGENTS  
6.1 Hexane - pesticide quality or equivalent.  
6.2  Stock standards are purchased in mixtures from reputable vendors.  The date they are 
received is noted on the label and recorded in the GC standards logbook.  The date they are 
opened is noted on the label and recorded in the GC standards logbook along with their lot 
number and vendor and given a sequential number.  Each standard that is prepared is recorded in 
the GC standards logbook and given a sequential number.  The following are noted in the 
logbook:  standard makeup, solvent used, date received, date opened, date prepared, expiration 
date and analyst.  Each standard label is completed with the standard number, name, preparation 
date, expiration date, solvent and analyst initials.  All stocks and standards are stored in the 
refrigerator at a temperature of 1°C-4.4°C from the date they are received/prepared.  The 
refrigerator and freezer temperature is monitored daily with an annually calibrated thermometer 
and recorded with calibration correction in the GC refrigerator temperature logbook. See the GC 
standards log book for makeup of  intermediate and calibration standards. 

6.2.1 The Initial Calibration Verification (ICV) intermediate standard is prepared from 
the vendor stock standards in the same manner as the Calibration intermediate 
standards above and is stored in the refrigerator at a temperature of 1°C-4.4°C for 
up to 6 months.  The ICV standard is then prepared at a concentration near the 
midpoint in the same manner as the Calibration standards above.  

 
 
7.0       PROCEDURE  

The GC/ECD should be primed by injecting a pesticide standard at 100 µg/L and/or PCB 
standard at 10,000 µg/L, 10 times more concentrated than the mid-level standard.  Inject this 
prior to beginning initial or daily calibration. 

7.1 Chromatographic conditions:      
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7.1.1  
       

ZB MR1/MR2 columns: 
GC 

 
ECD3 

Purge on  0.50 min. 
Injector/Detector temperature 250/350°C 
Column flow @3.4 mL/min 
Initial column temperature 100°C for 0.5 minutes 
Temperature ramp 15°C/min 
Intermediate column temperature 220°C for 5.0 minutes 
Second Temperature Ramp 35°C/min 
Final Column Temperature 340°C for 2.0 minutes 

7.1.2  
       

RTX-CLP/RTX CLPII columns: 
GC 

 
ECD4 

Purge on  0.50 min. 
Injector/Detector temperature 200/330°C 
Column flow @2.4 mL/min 
Initial column temperature 110°C for 0.5 minutes 
Temperature ramp 15°C/min 
Final column temperature 320°C for 2.0 minutes 

 

7.2 Eval Mix – Before pesticide calibration and/or sample analysis, a degradation check standard 
(evaluation mix) of endrin and 4,4-DDT must be injected.  Degradation of either compound must 
not exceed 15 percent.  If 15 percent degradation is exceeded, then corrective action must be taken 
(GC system maintenance, see SOP-222).  
7.3 Calibration - (See SW-846 Method 8000B Section 7.4.2).  

                  7.3.1  Initial Calibration – For single component pesticides and surrogates, a six point 
calibration is injected and analyzed for each analyte of interest.  For Toxaphene and 
Technical Chlordane a single point standard is analyzed unless they are expected then a 
five point calibration is injected and analyzed. Injection volume for standards and 
samples is equal to 2 µL using the same injection technique to introduce both standards 
and samples (use of auto-injectors makes this a constant). All calibration integrations 
must be evaluated and any manual integrations are documented by the inclusion of the 
chromatogram (which includes peak integrations) with the quantitation report.  The 
percent relative standard deviation (RSD) of the calibration factor must be <20% over the 
working range for each analyte of interest. When the 20% criteria is exceeded for an 
analyte, a linear calibration may be used if the correlation coefficient (r) is >0.995, >0.99 
for quadratic with 6 points. Otherwise, a new standard curve should be prepared for each 
analyte that exceeded the criteria.  
Initial calibration for Aroclors may be accomplished by using a six-point curve that 
contains Aroclors 1016 and 1260.  The mixture of these two Aroclors contains many of 
the peaks represented in the other five Aroclor mixtures(1221, 1232, 1242, 1248 & 
1254). The curves for Aroclors 1016 and 1260 are used to show the linearity of the 
detector and can be used to demonstrate that a sample does not contain peaks that 
represent any one of the Aroclors. The 1016/1260 curve may also be used to quantitate 
any 1016 or 1260 hits that may be seen in the samples.  The analyst has the choice of 
running a curve for the other five Aroclor mixtures or when the calibration factor for the 
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curve for 1016/1260 is <20% a single point calibration at the midpoint level 
concentration can be used for the other Aroclors.  The injection procedure for Aroclors is 
the same as single component pesticides. The percent relative standard deviation (RSD) 
of the calibration factor must be <20% but this applies to the average of the quantitation 
peaks. When the 20% criteria is exceeded for an analyte, a linear calibration may be used 
if the correlation coefficient factor (r) is >0.995, >0.99 for quadratic with 6 points.  
Otherwise, a new standard curve should be prepared for each analyte that exceeded the 
criteria.  

        7.3.2   Initial Calibration Verification - A second source standard at the midpoint level is 
used to check the validity of the curve.  The standard recovery for all analytes must be 
between 85 and 115%(80-120% DOD QSM and 8081B/8082A).  If the second source 
recovery is above 115%, it is possible that the main standard has deteriorated for that 
compound.  That standard should be remade and reevaluated.  If that does not correct the 
problem, the standard should probably be replaced and a new curve generated.  If the 
second source recovery is below 85%, the second source standard may have deteriorated 
for that compound.  This standard should be remade and reanalyzed.  If this does not 
correct the problem, the standard should be replaced.  All calibration integrations must be 
evaluated and any manual integrations are documented by the inclusion of the 
chromatogram (which includes peak integrations) with the quantitation report.  
7.3.3  Continuing Calibration Verification (CCV) - A mid-level standard must be 
analyzed every 12 hours (not to exceed 20 samples and cannot exceed 15 percent 
difference (%D), (at the beginning and end of sequence and after every 10 field 
samples, 20%D no average DOD QSM and 8081B/8082A) from the average 
calibration factor of the calibration curve.  A CCV must also be analyzed at the end of the 
analysis sequence.  If a CCV fails, GC maintenance may be necessary (see SOP-222), 
reanalysis may be required (for samples analyzed since the last valid CCV) and a 
corrective action report must be completed.  If none of the failed target compounds 
exceed 30% D and the average of all the %Ds are < 15% then the CCV may be used 
without any further corrective action. Alternatively, analytes may be flagged depending 
on their concentration and the status of the analyte in the mid-level standard.  No 
reanalysis is necessary if the analyte is undetected in the samples and recovered high in 
the CCV.  All calibration integrations must be evaluated and any manual integrations are 
documented by the inclusion of the chromatogram (which includes peak integrations) 
with the quantitation report.  Samples are then quantitated against the initial calibration 
curve. 

7.4  RT Windows - Retention time criteria set forth in SW-846 method 8000B section 7.6 are used 
to set retention time windows.  New in-house retention time windows are established after every 
major change to the system (new column or temperature program) and at initial calibration using 
the midpoint standard RTs.  If the established retention time window is less than +/-0.03 minutes, 
the window defaults to +/-0.03 minutes.  Retention times are updated with the first CCV of the day 
or the mid-level standard of the curve if samples are analyzed directly after a curve. 
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7.5   Laboratory Control Sample (LCS) - The LCS is extracted 1 per extraction batch of up to 20 
samples.  The LCS is spiked with standards prepared from an alternate vendor or lot number than 
the calibration standards.  See section 8.2 below for criteria and corrective action. 

7.6  Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch – up to 
20 samples.  See section 9.3 below for criteria and corrective action. 

7.7 Samples - Prior to using Method 608, SW-846 8081A, 8081B/8082, 8082A or CLP (pesticide 
method) the samples are prepared for chromatography using the appropriate sample preparation 
and clean up methods (generally SW-846 methods 3510, 3541, 3640, 3550, 3580, EPA 
method 608 or CLP).  

7.7.1 Example of a sequence run log: 
 
1-Primer A/B Mix-1000 or  Primer PCB-10,000 
2- EVAL Mix (Pest only) 
3- CCV A/B Mix 
4- CCV Toxaphene (single point) 
5-CCV Chlordane (single point) 
6- CCV PCB 1660 
7- Method Blank 
8-LCS A/B Mix 
9-LCS PCB 
10-Sample 
11-Sample 
12-Sample 
13-Sample 
14-Sample 
15-Sample 
16-Sample 
17-Sample 
18-Sample 
19-Sample 
20-Sample 
21-Sample-MS 
22-Sample-MSD 
23-Sample 
24-Sample 
25-Sample 
26-Sample 
27-Sample 
28-Sample 
29- CCV A/B Mix  
30-CCV PCB 

7.8 Data Reduction/Evaluation - Each sample analysis sequence is documented in the run 
logbook for the instrument.  After the sample has been analyzed, the data is processed through the 
Target DB Windows NT data system.  Quantitative measurements are performed as described in 
SW-846 8081A section 7.5.6, and section 11.5.6.1 8081B.  Rounding is performed using CLP 
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odd/even rounding rules.  The following must be checked to determine if the sample will need any 
reanalysis, cleaning or dilution.  Formal data evaluation is detailed in SOP-216 (documented using 
the USACE Analyst Data Review Checklist for USACE projects).  

7.8.1  Analyte concentration after rounding to 2 significant figures must be within the 
range of the calibration curve.  If an analyte exceeds the curve, a dilution must be 
performed and the next sample must be checked for carryover.  Any dilution should keep 
the concentration of the analyte in question within the mid-range to the top half of the 
curve.  
7.8.2  If the sample shows signs of sulfur contamination in the time range where sulfur 
compounds elute a sulfur cleanup is required [see SOP-307].  
7.8.3  If the sample has extraneous peaks eluting in the chromatogram an acid cleanup is 
required for PCB samples and may be applicable for certain pesticides, (acid clean-up 
may be required for all PCB samples, check with your supervisor),  [see SOP-308].  
 7.8.4   If the sample has extraneous peaks that are not removed by acid (PCB samples) 
and is not a sulfur interference, a florisil cleanup is recommended [see SOP-309].  A 
silica cleanup may also be used [see SOP-331].  
7.8.5 Surrogates – Control and warning limits are determined by using all blank spikes in 
the calculation, (LCSs and method blanks). All limits used are generated in-house or 
client specified (with the exception that if the in-house limit’s highest lower limit would 
be 90 and the lowest upper limit would be 110 examples: 98-120 would be 90-120 or 45-
75 would be 45-110). Surrogate standard recovery must be checked to determine if it is 
within these limits.  Two surrogates are added to each sample for pesticides.  Only one 
surrogate, DCB, is added to each PCB sample. Corrective action should be evaluated 
when any surrogate(s) is outside the action limits for a sample.  When only one surrogate 
for pesticides exceed control limits on the primary and/or confirmation column corrective 
action may not be required.  If both surrogates for pesticides (or DCB for PCB analyses) 
exceed control limits on the primary and/or confirmation column corrective action is 
required.  A corrective action form should be filled out and given to the organic lab 
manager when both surrogates for pesticides (or DCB for PCB analyses) are outside the 
action or warning limits.  The organic lab manager will then make suggestions as to what 
action should be taken, for example: the sample may need to be reanalyzed, reextracted, 
or flagged on the report for a QC problem. DOD limits will be used for DOD QSM  
projects. 

 
 WATER SOIL/SEDIMENT        WIPES 

Surrogate In-House In-House            In-House 
TCMX 25-120 30-120 80-143 
DCB 25-130 35-140 73-142 

 
7.9 Identification/Quantitation [See SW-846 method 8081A section 7.6 or method 8082 sections 

7.7-7.9].  
7.9.1    Single peak components are identified by retention time on a primary column 
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with confirmation by retention time on a secondary or confirmation column. Which 
column is used for primary/confirmation is determined by the chromatography in the 
region of the compound. The control limit for percent difference (%D) of compounds that 
confirmed from the primary column on the confirmation column is 40%. If both columns 
are equivalent, the highest concentration is reported. If a compound result is >40% 
difference, it should be flagged with a “P”. ( “J” flagged for DOD QSM projects)                

                   7.9.1.1  Due to coelution of certain compounds confirmation for all analytes may not 
be achieved. The analyst must use experience and judgment to decide if the compound 
is there. If a call is made, the data should be flagged appropriately. 

                   7.9.1.2  If a compound is outside of it's window on one column but in the window on 
the other column, the analyst will need to use their judgment or seek guidance from   
the organic lab manager or another experienced analyst to decide if the analyte is 
there.  

              7.9.2  Multi-peak components (PCB's, Toxaphene and Technical Chlordane) are identified 
by pattern recognition using an on scale standard chromatogram to compare to an on 
scale sample chromatogram enabling the analyst to judge whether the sample pattern 
matches a standard pattern.  Confirmation of multi-peak components is required by the 
method and may be accomplished in several ways.  If the sample is from a source known 
to contain specific Aroclors then this information may be used as a confirmation. 
Documentation of this approach must meet the requirements outlined in Sec. 7.7.3 of 
SW-846 Method 8082. Another approach is to use a column of dissimilar stationary 
phase and compare the pattern to a known Aroclor standard. Finally if the concentration 
is high enough GC/MS may be used as confirmation.   
   7.9.2.1  Generally, five unique peaks representing the full range of the multi-peak 

component are used in the quantitation of the multi-peak components.  Note:  for 
USACE projects, five peaks are necessary for the quantitation of multi-peak 
components. 

                  7.9.2.2  Multi-peak components that still have matrix interference after appropriate 
sample cleanup steps have been taken may need to be hand calculated using peaks that 
do not have interference.  This should be brought to the organic lab manager’s 
attention. 

   7.9.2.3 Multi-peak components that exhibit a weathered pattern may need to be hand 
calculated by the analyst.  The analyst will need to use peaks that exhibit the full range 
of weathering.  The number of peaks used to quantitate the multi-peak component will 
depend on the analyst's judgment of what it will take to achieve the truest 
concentration of the component.  This should be brought to the organic lab manager’s 
attention.  

     7.9.3 Quantitation – Once a compound has been identified qualitatively, the concentration 
must then be quantitated.  If the RSD of the compound’s response factor is 20% or less, 
then the concentration may be determined using the mean calibration factor, CF, from the 
initial calibration data.  Otherwise, the analyst must use either a calibration curve or a 
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non-linear calibration model such as polynomial equation for quantitation.  Calculations 
follow in Section 8.0. Refer to SOP-224 for guidance for manual integrations   

8.0     Calculations: 
 

 8.1    Calculate the calibration factor (CF) for each analyte  at each concentration as: 
 

                                      Peak Area (or Height) of the Compound in the Standard 
                           CF =       Mass of the Compound Injected (in nanograms) 

 
8.2    The mean CF is calculated as follows: 

 

 
        
        
 
       8.3  The standard deviation (SD) and the relative standard deviation (RSD) of the calibration 

factors for each analyte are calculated as follows:  
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                            RSD = SD X 100 
                                       CF 
8.4   Calibration verification involves the calculation of the percent drift (linear or quadratic) or the 
percent difference (average) of the instrument response between the initial calibration and each 
subsequent analysis of the verification standard.  Use the equations below to calculate % Drift or 
% Difference, depending on the calibration procedure used. 
 

                                      (Calculated concentration – Theoretical concentration) * 100 
                            % Drift =                       Theoretical Concentration 
 

where the calculated concentration is determined from the initial calibration 
and the theoretical concentration is the concentration at which the standard 
was prepared. 
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    (CCV CF – Average CF) * 100 
     % Difference =    Average CF 
 

where CCV CF is the calibration factor from the analysis of the verification 
standard and mean CF is the average calibration factor from the initial 
calibration. The % difference or % drift calculated for the calibration 
verification standard must be within ±15% for each analyte before any sample 
analyses may take place. 

 
8.5 Concentration in water samples is calculated as follows: 

      [Note: Using the units specified here for these terms will result in a concentration in  units of 
ng/mL, which is equivalent to μg/L.] 

 
 

 
 

where: 
Ax = Area (or height) of the peak for the analyte in the sample. 
Vt = Total volume of the concentrated extract (μL).   
D = Dilution factor, if the sample was diluted prior to analysis.  If no 

dilution was made, D = 1.  The dilution factor is always 
dimensionless. 

Vi = Volume of the extract injected (μL).  The nominal     injection 
volume for samples and calibration standards must be the same. 

CF = Mean response factor from the initial calibration.  
Vs = Volume of the aqueous sample extracted (mL).  If units of liters 

are used for this term, multiply the results by 1000. 
 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted.  

 
   8.6    Concentration in non-aqueous samples is calculated as follows:   

      [Note: Using the units specified here for these terms will result in a concentration in units of ng/g, 
which is equivalent to μg/kg.] 
 
 

 
 

where:  
Ax, Vt, D, and CF are the same as for aqueous samples, and 
Ws = Weight of sample extracted (g).  Either a dry weight or wet weight may 

be used, depending upon the specific application of the data.  If units of 
kilograms are used for this term  multiply the results by 1000. 
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The 1000 in the denominator represents the number of μL in 1 mL.  If the injection (Vi) is 
expressed in mL, then the 1000 may be omitted. 

 
9.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS  

9.1 Surrogates - All samples and QC are spiked with surrogates.  The surrogate recoveries from 
method blanks and LCS are charted to generate control limits and charts for diagnostic purposes.  
8000B See section 7.8.5 above for criteria and corrective action. 

9.2 LCS Sample - The LCS is extracted with every extraction batch - up to 20 samples.  To 
prepare the LCS, a blank is spiked with standards prepared from an alternate vendor or lot number 
than the calibration standards.  The recoveries are charted to generate control charts and limits.  
See the LCS report form in the appendix for the laboratory generated limits.  These limits default 
to method limits if generated limits are wider.  If the LCS compound has a recovery above the 
upper limit, but the same compound is not detected in any of the batch samples, no corrective 
action is required.  For all other situations, the LCS should be reanalyzed for the failed analytes 
only or results for that analyte should be flagged.  If the second analysis fails, all associated 
samples should be reextracted/reanalyzed for the failed analytes only. DOD limits will be used 
for DOD QSM  projects. 
9.3 Method Blanks - The concentration of all method target analytes should be below the MDL 
(<RL, common laboratory contaminates; < ½ RL, all other compounds or client/authority 
specified) for each method target analyte.  If contamination exceeds the requirement, the following 
corrective actions must be taken.  The first step is to assess the effect on the samples.  If an analyte 
is found only in the method blank, but not in any batch samples, no further corrective action may 
be necessary.  Steps should be taken to find/reduce/eliminate the source of this contamination in 
the method blank.  If an analyte is found in the method blank and some, or all, of the other batch 
samples, then corrective action is required.  The source of contamination must be investigated and 
appropriate action taken and documented to find/reduce/eliminate the source of this contamination.  
The method blank, and any samples containing the same contaminant, would likely be 
reextracted/reanalyzed.  For the common laboratory contaminants, meeting the above requirements 
is not practical.  Random cases of contamination are difficult to control, however, daily 
contamination is not acceptable and corrective action is essential.  If a contaminant is found in the 
method blank and the samples, the compound concentration must be flagged with a 'B' on the final 
report unless the concentration is greater than 5x that found in the method blank. 

9.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked for a 
MS/MSD (for 608 projects, 1 in 10 samples are spiked for MS).  For project specified full list 
MS/MSDs, the LCS standard is used for spiking. Criteria for the MS/MSD are found in Table 5-3 
of the Laboratory Quality Assurance Manual.  Both the percent recoveries (%R) and relative 
percent differences (RPDs) are contained in this table (for project specified full list MS/MSDs, the 
MS/MSD limits are the same as the LCS limits).  Samples that do not meet these criteria due to 
matrix should be evaluated for placing a flag on the final report due to QC problems.  The 
associated LCS results should be used to verify method performance (section 8.4.3 Method 
8081A).  MS data evaluation must include the consideration of the following factors. 
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9.4.1  Sample matrix - If the sample is a soil, grab sample or sequentially collected water 
sample it may affect the %R and RPD of the MS/MSD.  Corrective action must be taken 
in the form of reanalysis if a method problem is indicated.  

         9.4.2 Original sample concentration - If a spiked compound has a problem and the   
concentration of that compound in the original sample was more than four times the 
concentration of the spike, no further corrective action may be necessary other than the 
generation of a corrective action report to document the problem.  In this case, the 
MS/MSD may be evaluated as sample duplicates.  

       9.4.3  MS vs. MSD - If a spiked compound has a similar problem in both the MS and 
MSD and is not traced to a method problem, no further action may be necessary other than 
the generation of a corrective action report to document the problem.   

             9.4.4  Non-target Interference - The presence of significant non-target interference should 
be brought to the immediate attention of your supervisor who should discuss the problem 
with the client/project manager to determine the action to be taken. 

             9.4.5  Documentation of capability (DOC) – Each analyst must perform a DOC to 
demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 
10.0 HEALTH, SAFETY, WASTE MANAGEMENT AND POLLUTION PREVENTION 

10.1   Care should be used in handling all samples.  Safety glasses must be worn in the lab at all   
times.  The use of blue nitrile gloves and lab coats is highly recommended. 

10.2  Research into expected sample content and concentration should be done in order to be 
prepared for additional safety considerations.  Generally, any samples that need special 
consideration have applicable notes on the sample logs. 

10.3  MSDS sheets are available for all reagents and standards that have been purchased.  These 
are located in the bookshelves across from the Quality Assurance Officers cube. 

 
10.4  Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste coming from 
this area within our laboratory. Quantity of chemicals purchased should be based on expected 
usage during its shelf-life and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 

  
11.0 EXAMPLE FORMS  

Examples of the water and soil LCS report sheet and the USACE analyst data review checklist are 
located in the appendix. 
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12.0 REFERENCES 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; 
Method 8081A, 8081B, 8082, 8082A 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 608, 608.2; APX-B 

 
3. USEPA Contract Laboratory Program(CLP) for Organics ILM04.2; ILM04.3 

 
4. DOD Quality Systems Manual, Ver. 3/4.1 

 
 

13.0 DEFINITIONS 
 

Refer SOP-431 for a list of definitions.
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FORM 3 

                  WATER PESTICIDE/PCB LAB CONTROL SAMPLE 
     ( In- House) 
  Lab Name: Empirical Laboratories, LLC    Contract:  
 
  Lab Code: NA   Batch No.: NA   SAS No.: NA       SDG No.: 
 
  Matrix Spike   -   Client Sample No.: LCS             
 ____________________________________________________________________________ 
|                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
|                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
|  COMPOUND              | (µg/L)  |   (µg/L)    |   (µg/L)    | REC #| REC. | 
|========================|=========|=============|=============|======|======| 
| Aldrin                 | 0.05000 |     NA      |    0.05000  |  100 |25-110| 
| alpha-BHC              |  0.1000 |     NA      |     0.1000  |  100 |45-125| 
| alpha-Chlordane        | 0.05000 |     NA      |    0.05000  |  100 |50-125| 
| beta-BHC               | 0.05000 |     NA      |    0.05000  |  100 |50-130| 
| 4,4'-DDD               |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| 4,4'-DDE               |  0.1000 |     NA      |     0.1000  |  100 |45-130| 
| 4,4'-DDT               |  0.1000 |     NA      |     0.1000  |  100 |50-140| 
| Dieldrin               |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| delta-BHC              | 0.05000 |     NA      |    0.05000  |  100 |40-135|  
| Endosulfan I           |  0.1000 |     NA      |     0.1000  |  100 |50-120| 
| Endosulfan II          |  0.1000 |     NA      |     0.1000  |  100 |55-135| 
| Endosulfan sulfate     |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| Endrin                 |  0.1000 |     NA      |     0.1000  |  100 |40-150| 
| Endrin aldehyde        |  0.1000 |     NA      |     0.1000  |  100 |40-130| 
| Endrin ketone          |  0.1000 |     NA      |     0.1000  |  100 |60-130| 
| gamma-BHC (Lindane)    |  0.1000 |     NA      |     0.1000  |  100 |50-130| 
| gamma-Chlordane        | 0.05000 |     NA      |    0.05000  |  100 |50-125| 
| Heptachlor             |  0.1000 |     NA      |     0.1000  |  100 |35-125| 
| Heptachlor epoxide     | 0.05000 |     NA      |    0.05000  |  100 |50-130| 
| Methoxychlor           |  0.5000 |     NA      |     0.5000  |  100 |50-140| 
| PCB-1248               |   10.00 |     NA      |      10.00  |  100 |50-140| 
|________________________|_________|_____________|_____________|______|______| 
 
  # Column to be used to flag recovery values with an asterisk 
 
  * Values outside of QC limits 
 
  Spike Recovery:  0 out of 21 outside limits 
   
COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
 
page 1 of 1                      FORM III PEST                            
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                                 FORM 3 
                  SOIL PESTICIDE/PCB LAB CONTROL SAMPLE 
     (In-House) 
 
  Lab Name: Empirical Laboratories, LLC   Contract:  
 
  Lab Code: NA   Batch No.: NA   SAS No.: NA       SDG No.: 
 
  Matrix Spike   -   Client Sample No.: LCS             
 
 ____________________________________________________________________________ 
|                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
|                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
|  COMPOUND              | (µg/kg) |   (µg/kg)   |   (µg/kg)   | REC #| REC. | 
|========================|=========|=============|=============|======|======| 
| Aldrin                 |  5.0000 |     NA      |     5.0000  |  100 |30-135| 
| 4,4'-DDT               |  10.000 |     NA      |     10.000  |  100 |30-160| 
| Dieldrin               |  10.000 |     NA      |     10.000  |  100 |30-150| 
| Endrin                 |  10.000 |     NA      |     10.000  |  100 |35-160| 
| gamma-BHC (Lindane)    |  10.000 |     NA      |     10.000  |  100 |30-145| 
| Heptachlor             |  10.000 |     NA      |     10.000  |  100 |40-150| 
| PCB-1248               |  1000.0 |     NA      |     1000.0  |  100 |50-150| 
|________________________|_________|_____________|_____________|______|______| 
 
 
  # Column to be used to flag recovery values with an asterisk 
 
  * Values outside of QC limits 
 
  Spike Recovery:  0 out of 7 outside limits 
 
 
COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
 
page 1 of 1                      FORM III PEST                            
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ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 8081/8082 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
A. Initial Calibration 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Does the curve consist of at least five Calibration Standards? 

 
 

 
 

 
 

 
 

 
 3. Is the low standard near, but above the MDL? 

 
 

 
 

 
 

 
 

 
 4. Are the % RSDs within QC limits for all analytes? 

 
 

 
 

 
 

 
 

 
B. Second Source Verification 
 1. Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
C. Continuing Calibration 
 1. Are the Continuing Calibration Verification (CCV) standards analyzed 

every 20 samples or every 12 hours and at the end of the sequence? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 2. Are the % differences within QC limits for all analytes? 

 
 

 
 

 
 

 
 

 
D. Sample Analysis 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Are all sample holding times met? 

 
 

 
 

 
 

 
 

 
 3. Are all samples with concentrations > the highest standard used for 

initial calibration diluted and reanalyzed? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 4. For single peak analytes - are all compounds identified on the primary 

column confirmed on the secondary column? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 5. For multi-peak analytes - does the pattern of the analyte in the sample 

match the pattern of the standard? 
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 6. Are surrogate recoveries within QC limits?  (one surrogate both 

columns) 

 
 

 
 

 
 

 
 

 
ANALYST DATA REVIEW CHECKLIST 

 
 

 
E. QC Samples 
 1. Is the Method Blank extracted at the desired frequency and is its 

concentration for target analytes less than the MDLs? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 2. Is the Laboratory Control Sample and its percent recovery within QC 

limits? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 3. Is the Matrix Spike/Matrix Spike Duplicate extracted at the desired 

frequency and is the percent recovery/RPD within QC limits? 

 
 
 

 
 
 

 
 
 

 
 
 

 
F. Others 
 1. Are all nonconformances included and noted? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Are all calculations checked at the minimum frequency? 

 
 

 
 

 
 

 
 

 
 3. Did analyst initial/date the appropriate printouts and report sheets? 

 
 

 
 

 
  

 
 4. Are all sample IDs and units checked for transcription errors? 

 
 

 
 

 
  

 
 5. Are all manual integrations checked by a second reviewer to verify they 

were performed correctly? 

 
 
 

 
 
 

 
 
 

 
 
 

 
Comments on any "No" response: 

 
               Analyst:  Date:  

    
Second-Level Review:  Date:  
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GC/MS BNA - AQUEOUS MATRIX EXTRACTION 
USING SW846 METHOD 3510C/8270C, 625 

 
I. SCOPE AND APPLICATION/SUMMARY 
 

1. This SOP describes the extraction of BNAs from water by separatory funnel 
extraction using SW846 Method 3510C and 625. Samples are extracted with 
methylene chloride and concentrated to an appropriate final volume. 

 
II.          INTERFERENCES 
               

1. Solvents, reagents, glassware, and other sample processing apparatus can add 
interferences to sample analysis. Method blanks must be extracted under the same 
conditions as samples to demonstrate freedom from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the analysis. Plastics 
should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and heptachlor. Glassware 
should be solvent rinsed to avoid this problem.    

 
III. APPARATUS AND MATERIALS  
 
• Separatory Funnel - 2-Liter with Teflon stopcock 
• Beaker - 400 mL 
• Drying /Chromatographic column - 20 mm I.D. x 300 mm or funnel 
• Turbo-Vap evaporation tube - 200 mL tube made by Zymark to fit into Turbo-Vap evaporator 
• Metal rack - capable of holding six glass evaporation tubes 
• Turbo-Vap Evaporator - heated and capable of temperature control (+5°C); the bath should 

be vented into a hood. 
• Vials - 2 mL glass amber, with Teflon-lined screw cap and 40 mL with Teflon lid. 
• pH indicator paper - close range (1.0 - 2.0) and (10.0 - 12.0); wide range (1.0 - 12.0) 
• Syringe - 1 mL, 500 mL 
• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, and 100 mL 
• Pasteur pipette - length 9" and 5-3/4" 
• Pasteur pipette bulb  
• Labels - Avery 
• Teflon Bottles - 250 mL and 1000 mL 
• Ring stand - 3 prong 
• Aluminum foil - heavy duty 
• 10 mL disposable pipette 
• Nitrogen tank - equipped with pressure regulator  
 
 
IV. REAGENTS 
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• Reagent Water - Reagent water is gathered in a carboy from source in the instrument lab 

daily.  Remaining water in the carboy is dumped at the end of each day. 
 
• Sodium Hydroxide Solution - (10N), Weigh 400 g NaOH (purchased in a plastic container 

from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker and cover with reagent 
water.  Swirl until all pellets are dissolved.  This mixture gets very hot.  Let stand until cool.  
Transfer to a 1-liter volumetric flask with several rinses of reagent water and dilute to 1 liter 
with reagent water.  Transfer to a 1000-mL Teflon container. 

 
• Sodium Sulfate - Granular, anhydrous, trace pure 10 - 60 mesh (purchased in plastic bulk 

containers from Fisher # S415-10S or equivalent) placed in Pyrex  tray and heated at 400°C 
for a minimum of 4 hrs, removed and cooled in open air in the extraction lab, placed in a 
2.5 kg glass amber jug and left at room temperature. 

 
 
• Glass Wool - Silane Treated (purchased from Supelco #2-0410 or equivalent). 
 
• Sulfuric Acid Solution - (1:1), slowly add 500 mL of H2SO4 (Baker, suitable for trace metal 

analysis #9673-33 or equivalent) to 500 mL of reagent water in a 1000 mL Teflon container.  
This mixture will get very warm.  Allow to cool before use. 

 
• Extraction Solvent - Methylene Chloride (Please read SOP-336 before handling this 

solvent in our laboratory.) (Dichloromethane - Omnisolv - suitable for spectrophotometry 
and gas chromatography #DX0831-1 or equivalent). 

 
• The GC/MS operator makes up all surrogates and spikes. Verify the amount of 

surrogate/spike to add to the sample prior to addition.  It can change if a different detection 
limit is required or the volume of sample being analyzed changes. 

 
BNA Surrogate - The base neutral and acid surrogates are normally mixed together in one 
solution.  This solution is purchased from a reputable vendor.  Use 0.5 mL of this solution per 
1000 mLs of aqueous sample for surrogate amount of 100:200 ug/mL per sample.  (For low 
level PAHs use 1.0ml of a 1.0µg/mL BN Surrogate spiking solution.) 

 
 BNA Spiking Solution - The base neutral and acid spiking solutions are 
normally mixed together in one solution ( This spiking solution contains all 
the compounds that are normally calibrated by GC/MS ).  This solution is 
prepared in methanol by making a dilution of stock purchased from a reputable 
vendor.  Use 0.5 mL of this solution per 1000 mLs of aqueous sample for LCS 
amount of 100ppm per sample.  There are two separate spiking solutions 
available – one solution has a more complete list of BNA compounds than the 
other which is called the short or matrix spike list.  The long list should be used 
on all extractions unless your supervisor has approved the short list.  The short 
list may be used for any ‘phenol only’ extractions. (For low level PAHs use 1.0 ml of 
a  1.0ppm of the LLPAH spiking solution.) 
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BNA TCLP Spike – 0.5 mL is added per 100-mL volume.  Each matrix type must have its 
own TCLP spike.  TCLP spike should be added after the TCLP has been filtered but prior to 
refrigeration.  From the volume provided by Wet Chemistry, remove a 100-mL aliquot into a 
suitable container with a teflon lid, and spike as indicated above.  

 
V. PROCEDURE 
 
1. All waters have a seven-day holding time counted from the hour they are sampled.  

Determine the samples necessary to extract from the following sources (Note: never 
extract samples of unknown origin without discussion with supervisor): 
• Each day a backlog report will be provided indicating sample numbers with the 

respective analysis required.  Line through all the extractions that have been 
completed and plan to do the remaining analysis within the required holding time. 

• Samples requiring RUSH turn around time may be logged in throughout the day 
which will require your immediate attention.  Log-in personnel will generally 
communicate this need. 

• Check with log-in throughout the day and examine the COC (chain of custody) forms 
that arrive with each set of samples.   If an analysis is ongoing, extra QC may be 
avoided by picking up those extractions on the same day. 

 
2. Wearing lab coat, gloves and safety glasses, get samples from refrigerator.  Samples must 

be signed out of the walk-in refrigerator.  Enter the sample numbers, your initials and the 
date and time removed on the log provided.  Inspect as to whether they are in glass amber 
jar and have a Teflon lid. Find out if any special dilutions need to be made for this client.  
Routine procedures for difficult matrices are listed below:  

 
SLUDGE - use only 100 mL and dilute to 1000 mL with reagent water.   
TCLP EXTRACT - use only 100 mL and dilute to 1000 mL with reagent water.  A 
separate matrix spike of 100 mLs (which has already been spiked as explained in the 
BNA TCLP Spike section above) should be set up at the same time.  Dilute to 1000 mL 
with reagent water.   
BAD MATRIX – for example a liquid that is partially sediment, see your supervisor to 
find out what dilution, if any should be made.  SPLP extract- use 1 liter. 
NPDES client - a special list of compounds is required including benzidine.   Method 
625 requires that there be a spike every ten samples.   The sample must be extracted and 
concentrated in the same day.  A GC/MS screen is recommended; therefore this 
extraction should be coordinated with the GC/MS operator.  1 mL is added to the LCS 
and the matrix spike. 
ACID EXTRACT WITH BAD MATRIX - a cleanup step is added.  Samples are taken 
to a high pH, extracted with 60 mLs methylene chloride one time as explained below in 
the BASE NEUTRAL EXTRACTION section.  This extract is discarded.  The samples 
are then taken to a low pH and extracted as an acid extraction.  Acid extractions may be 
concentrated in the TurboVap.   
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3. LOW LEVEL POLYAROMATIC HYDROCARBONS (PAHs) – Samples require a  
BNA extraction.  Use the Surrogate and BN spiking solutions specified.  Low level PAHs 
are normally concentrated on the Turbo-Vap using Round-Bottom TV tubes to a final 
volume of 0.5 mL  

 
4. Mark the amber glass container of each sample at the water meniscus with "white out" for 

later determination of sample volume.  Check the pH by inverting the sample and 
touching the wide range pH paper to the portion that remains on the lid.  Record this pH 
in the logbook. 

 
5.   Get out enough separatory funnels to extract the number of samples you have plus any 

additional spikes and a method blank.  A method blank and an LCS must be processed 
with each set of samples. If the sample is a TCLP, blank fluid may be provided along 
with the extracted TCLP sample(s).  Use only 100 mL and dilute to 1000 mL with 
reagent water.  A matrix spike and a duplicate or a matrix spike duplicate must be 
processed for each analytical batch (up to a maximum of 20 samples).  In the event that 
adequate sample is not provided to do an MS/MSD, an LCS duplicate should be done.  
Rinse separatory funnels with methylene chloride.  Place an Avery label on each 
separatory funnel containing the following information:  Lab #, Client name, Type of 
Analysis, Initial Volume-Final Volume, and the Lab prepbatch code.  The lab batch code 
is defined as MMDDYYB# where #:  1 = 1st method blank of the day; 2 = 2nd method 
blank of the day; etc.  The Method Blank and LCS label should include all lab #s in this 
set of samples. 

 
6. Using the 1000-mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1000 mL of reagent water from the carboy and transfer it to a separatory funnel 
for the method blank and LCS.  Transfer sample to separatory funnel that corresponds to 
the lab # on the sample bottle.  

 
7. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can change 

if a different detection limit is required or the volume of sample being analyzed changes. 
Set out the surrogate/spike at least ten minutes before use to allow it to warm to room 
temperature.  

 
Generally 0.5 mL of BNA surrogate is added to each sample, spike, and blank with a 
syringe designated for BNA surrogate. For low level PAHs use 1.0ml of a 1.0ppm 
LLPAH Surrogate spiking solution.   Someone must verify that the surrogate has been 
added by placing a check mark on each label as it is added.  

 
NOTE:  Be sure to invert syringe and eliminate air bubble when obtaining surrogate 
solution and spiking solution. 

 
For the sample in each analytical batch selected for spiking, use the 0.5-mL glass syringe 
designated for BNA spike, to add 0.5 mL of BNA spiking solution. For low level PAHs 
use 1.0 mL of the 1.0ppm LLPAHs  spiking solution.  Someone must verify that the 
spike has been added by placing a check mark on each label as it is added.  For DOD 
QSM projects, all target compounds will be spiked into the LCS and MS/MSD. 
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Enter the ID# of the surrogate/spike used and the initials of the person that verified their 
addition to the sample in the BNA logbook. 
 

8. ACID EXTRACTION:  Adjust the pH to between 1.0 and 2.0, using 2 mL of 
1:1 H2SO4.  Add to each sample, spike and method blank.  Stopper and shake to insure 
that pH throughout the sample is changed.  Check the drop of liquid hanging from the lid 
with short-range pH paper.  Compare the color to the chart on the pH paper.  If the color 
is not within range add more H2SO4 solution in small increments, as required to attain 
the proper pH. 

 
9. Add 40 mL of Methylene Chloride to each empty sample bottle and to the LCS, method 

blank and MS/MSD funnels. Swirl the 40-mL of methylene chloride that you added to 
the empty sample bottle and transfer to the corresponding separatory funnel. 

 
10. Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting to 

release excess pressure.  Alternatively, Teflon funnels may be used and placed in the 
shaker apparatus with the stopcocks slightly open. When this apparatus is used, the shake 
should be for 3 minutes. 

 
NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial 
venting should be done immediately after the separatory funnel has been sealed and 
shaken once. 

 
11. Allow the sample to sit for 10 minutes, if necessary, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 
(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe to 
be 40 mL into a 250 mL centrifuge bottle.  If the layers are clearly separated, drain the 
solvent layer into a 400-mL glass beaker. 

 
12. Following Steps 9 and 10, extract two more times with 40 mLs of methylene chloride.  

Combine the three solvent extracts into the same 400-mL beaker. 
 
13. BASE NEUTRAL EXTRACTION:  Adjust the pH to 11 or slightly greater, using 

10N NaOH.  Start by adding 5.0 mLs to each sample, spike, and method blank.  Stopper 
and shake to insure that pH throughout the sample is changed.  Check the drop of liquid 
hanging from the lid with short-range pH paper.  Compare the color to the chart on the 
pH paper.  If the color is not within range add more 10N NaOH in small increments, as 
required to attain the proper pH.  BNA extraction is necessary when doing low level 
PAHs. 

 
NOTE:  This step is critical to the extraction procedure.  Too much NaOH solution 
could cause you to lose certain Base Neutral compounds.  Be careful on this step. 

 
14. FOR 8270 extraction: Extract one more time with 40 mL of methylene chloride 

following Steps 9 and 10. Combine BN and Acid extracts in a same 400ml beaker, unless 
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the BN extract has large amount of emulsion; then it will be necessary to use a separate 
400 mL beaker.  Concentrate BN and acid extracts for one final extract. 

             NOTE: It has been demonstrated that two acid and one BN extraction can be used 
for normal 8270 samples. This procedure cannot be used for DOD or 625 samples. 

 
 For 625 extraction: extract 3 more times with 40 mL methylene chloride following steps 

9 and 10. Combine BN extracts in separate 400 mL beaker. Concentrate BN and acid 
extracts separately for one final extract.  

 
15. In the log book marked BNA extractions, enter the Client name, the Lab #, the date 

extracted, the initial volume, and 1.0 mL for the final volume and anything unusual that 
may have occurred with this sample.  The final volume for low level PAHs is 0.5 mL. 

 
16.   Prepare to dry the sample by either of the following methods: 

16A. Get a ring stand with a double burette clamp attached to it.  Cover the burette 
clamp ends with aluminum foil to prevent the possibility of solvent touching the 
plastic coated ends and dripping into the extract.  Place a drying column into the 
burette clamp and transfer a small amount of glass wool to the top of it.  Tamp it 
to the bottom with a glass rod so that it adequately covers the hole at the bottom.  
Add approximately 10 cm of Sodium Sulfate to the column.  Rinse with 20 to 
30 mL of methylene chloride and discard this rinse into the Chlorinated Waste 
container in the hood. OR 

 
16B.   Set up a ring stand with funnels.  Place a small amount of glass wool in the 

bottom of it, add ~2” sodium sulfate to the column and rinse with 20-30 mL 
methylene chloride.  Discard this rinse into the Chlorinated Waste container in 
the hood. 

 
 
17. If the extract was drained into a centrifuge bottle, at this point you will need to take it to 

the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the large 
holders are available for the 250-mL centrifuge bottles.  The sample must always be 
balanced.  If necessary use a dummy bottle making it similar weight using reagent water.  
Set the rpm at 2500 and the temperature at 0°C.  Close the lid and be sure to press it 
down until you hear it click.  Move the lever at the front of the lid to the "LOCK" 
position.  Turn the time to approximately 15 minutes and bring it back to 10 minutes.  As 
the rotor begins to move, you will be able to see the rpm's in the digital readout.  Stay 
with the centrifuge until it has come up to the rpm's set to insure that it does not become 
unbalanced.  This looks like 8888 on the digital readout.  Should this occur, refer to the 
manual.  When the cycle is complete, the digital readout will read 0000.  Push the 
"OPEN" button and the lid will pop up.  Move the lever at the front of the lid to the 
"UNLOCK" position.  Open lid and remove sample.  The sample will usually be in two 
layers with the extract on the bottom. 

 
18. Remove any water layer from the extract in the beaker or centrifuge bottle, by one of two 

methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, on top, 
and not the solvent.  Discard this layer in the sink.  Use the smallest amount possible of 
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Na2SO4 by sprinkling the top layer with Na2SO4 until it hardens, separates, and drops to 
the bottom.  

 
19.  TURBO-VAP CONCENTRATION  

Low level PAH sample concentration is primarily done by Turbo-Vap using 
Round-Bottom TV tubes. 

 
• Rinse a Turbo-Vap tube with methylene chloride and arrange it underneath a 

rinsed, packed drying column or funnel.  Pour the extract through the column 
so that it will collect in the tube. Rinse the 400-mL beaker, which contained 
the solvent extract twice with 10 to 15 mL of methylene chloride and add 
each rinse to the column to complete the quantitative transfer.  After all the 
extract has passed through the column, rinse the column with 10 to 15 mL of 
methylene chloride.  Total volume in the glass evaporator tube should not 
exceed 200 mLs to avoid splattering on the lid of the Turbo-Vap.  

• Record the numbers of the Turbo-Vap tube in the BNA logbook and remove 
the tube to a metal holder.    To help prevent cross contamination, place a 
piece of aluminum foil over the Turbo-Vap tube and punch a small hole in 
the top so that the nitrogen can be accessed.   

 
• Turbo-Vap Operation:  Adjust the pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  The temperature 
of the bath should be approximately 40°C -50°C. 

 
• Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube down 

so the tip slides into the sensor well.  Close the lid to start concentration.  
Check that each position with a tube has an orange light showing.  If the 
orange light is not steady, bubbles may be in the sensor and need removal.  
(See Turbo-Vap manual). 

 
• When the beep sounds indicating the end of concentration, the extract will be 

at approximately one half mL (half way up tip of tube).  Remove the tube 
from the bath. Use a 9" Pasteur pipette to draw up the sample and transfer it 
to the 2-mL vial.  THIS IS THE MOST CRITICAL PART OF THE ENTIRE 
OPERATION!!!  A single drop represents about 10 percent of the total 
sample.  Before you move the tip of the pipette from the tube to the vial, be 
sure that a drop will not form on the end and fall off. 

 
• Draw ~0.25 mL of methylene chloride into a 0.50 mL syringe and add this 

aliquot to the centrifuge tube.  Draw the methylene chloride into a pipette 
and rinse the sides of the tube several times.  Transfer this rinse to the 2-mL 
vial.  Add methylene chloride from the syringe and repeat the rinsing process 
until you have ~ 1 mL in the sample extract vial.   Compare this volume to a 
2-mL dummy vial containing 1 mL of solvent to insure that you have not 
exceeded 1 mL.  For low level PAHs the final volume is 0.5mL.  The 
methylene chloride rinse volume must be adjusted to achieve this final 
volume.  Compare the volume to a 2mL dummy vial containing 0.5 mL of 
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solvent to insure that you have not exceeded 0.5 mL.  The GC/MS operator 
will adjust the sample to the desired final volume and add internal standard 
just prior to analyses.  Cover the extract with a Teflon-sealed screw cap and 
transfer the label to the vial. 

 
 
20. Determine the original sample volume by refilling the sample bottle to the mark made 

with "white out."  Transfer the liquid to a plastic 1000-mL graduated cylinder and record 
the sample volume in the BNA logbook and the Avery label to the nearest 10-mL.  

 
21. The extract is now ready to be analyzed.  Refrigerate at 4°C or carry directly to the 

instrument operator.  Samples must be signed into the Sample Extract refrigerator.  On 
log provided, enter the sample numbers, the analyst initials, and the date and time the 
samples were placed into the refrigerator. 

 
VI.      DOCUMENTATION OF CAPABILITY ( DOC) 
            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 
 
VII.     WASTE MANAGEMENT AND POLLUTION PREVENTION 

 
               Please see Waste Disposal SOP-405 for the proper disposal of waste generated 

from this area. 
 
             Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should 
reflect anticipated usage and reagent stability. 

 
VIII.    METHOD PERFORMANCE 
 
            Refer to SOP-201 for method performance. 

 
IX.      HEALTH AND SAFETY 
 

Refer to the MSDS sheets for the chemicals used for health and safety information.     
Also see SOP-336 for proper use of methylene chloride. 
 

REFERENCES 
 

1. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 
2. 40 CFR, Method 625. 

DEFINITIONS 
 

 
BNA-      base/neutral acid 
°C -        degrees centigrade 
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COC -    chain of custody 
DL -       detection limit 
g -          grams 
KD -       kuderna danish 
LCS -      laboratory control sample 
μg/L -     micrograms per liter 
µL -        microliter 
μg/ml -    micrograms per milliliter 
ml -         milliliter 
mm -       millimeter 
MS -       matrix spike 
MSD -    matrix spike duplicate 
PAH-      polynuclear aromatic hydrocarbon 
RL -        reporting limit 
SOP -     standard operating procedure 
v/v -        volume to volume 
 
Refer to SOP-431  for further definitions 
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Fraction:  Semi-volatiles     Matrix:  Water          EX0__           
Supervisor_________________

________ 
   Date Setup  Initial Final Surrogate Surr Spike Spk  10ml 15ml Conc. Solvent Lot/Vendor   
# Client Lab No. Extracted Initials pH Volume(ml) Volume(ml) Added Initials Added Initials KD Conc. Cent. Initials Methylene Chloride Notes/Comments # 
1          NA NA       1 

2          NA NA       2 

3          NA NA       3 

4          NA NA       4 

5          NA NA       5 

6          NA NA       6 

7          NA NA       7 

8          NA NA       8 

9          NA NA       9 

10          NA NA       10 

11          NA NA       11 

12          NA NA       12 

13          NA NA       13 

14          NA NA       14 

15          NA NA       15 

16          NA NA       16 

17          NA NA       17 

18          NA NA       18 

19          NA NA       19 

20          NA NA       20 

                   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
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 PESTICIDE/PCB - AQUEOUS MATRIX EXTRACTION 
BY EPA METHOD 608/608.2 AND SW-846 METHOD 8081A/8082 

USING SW846 METHOD 3510C 
 
I. SCOPE AND APPLICATION 
 

1. This SOP describes the extraction of pesticides/PCBs from water by separatory 
funnel extraction using SW846 Method 3510C and Method 608/608.2. 

 
II. SUMMARY 
 

1. Aqueous samples are extracted three times with methylene choride. The extracts are 
dried through sodium sulfate and concentrated and exchanged to hexane.  

 
III.        INTERFERENCES 
               

1. Solvents, reagents, glassware, and other sample processing apparatus 
can add interferences to sample analysis. Method blanks must be 
extracted under the same conditions as samples to demonstrate freedom 
from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the 
analysis. Plastics should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and heptachlor. 
Glassware should be solvent rinsed to avoid this problem.    

 
 
IV.         APPARATUS AND MATERIALS 
 
• Separatory Funnel - 2 Liter with Teflon stopcock 
• Beaker - 400 mL 
• Drying/Chromatographic column - 20 mm I.D. x 300 mm (or funnel) 
• Turbo-Vap evaporation tube - 200-mL tube made by Zymark to fit into Turbo-Vap 

evaporator. 
• Metal rack - capable of holding six glass evaporation tubes. 
• Turbo-Vap Evaporator - heated and capable of temperature control (+5°C); the bath 

should be vented into a hood. 
• Vials 10-mL glass, with Teflon-lined screw cap  
• pH indicator paper - wide range (1.0 -12.0) 
• Syringe - 1 mL, 500 µL 
• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, and 100 mL 
• Pasteur pipette - length 9" 
• Pasteur pipette bulb  
• Labels - Avery 
• Teflon Bottles - 250 mL and 1000 mL 
• Volumetric Flasks - Class A, glass, 1000 mL, 500 mL,100 ml, 50 ml. 
• Ring stand - 3 prong 
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• Burette clamp - double 
• Aluminum foil - heavy duty 
• 10 mL disposable pipette 
• Nitrogen tank - equipped with pressure regulator  
• Boiling chips - Teflon 
 
 
V. REAGENTS 
 
• Reagent water - Reagent water is gathered in a carboy from source in the instrument lab 

daily.  Remaining water in the carboy is dumped at the end of each day. 
• Sodium Sulfate (Na2SO4) - Granular, anhydrous, trace pure 10 - 60 mesh 

(purchased in bulk containers from Fisher # S415-10S or equivalent] placed in a 
Pyrex tray and heated at 400°C for 4 hrs minimum, removed and cooled in open 
air in the extraction lab, placed in a 2.5 kg glass amber jug and left at room 
temperature. 

• Glass Wool - Silane Treated  (purchased from Supelco #2-0410 or equivalent). 
• Sulfuric Acid Solution - (1:1), slowly add 500 mL of H2SO4 (Baker, suitable for trace metal 

analysis #9673-33 or equivalent) to 500 mL of reagent water in a 1000 mL Teflon container.  
This mixture will get very warm.  Allow to cool before use. 

• Sodium Hydroxide Solution - (10N), Weigh 400 g NaOH (purchased in a plastic container 
from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker and cover with reagent 
water.  Swirl until all pellets are dissolved.  This mixture gets very hot.  Let stand until cool.  
Transfer to a 1-liter volumetric flask with several rinses of reagent water and dilute to 1 liter 
with reagent water.  Transfer to a 1000-mL Teflon container. 

• Extraction Solvent - Methylene Chloride (Please read S0P-336 before handling this solvent 
in our laboratory.) (Dichloromethane - Omnisolv - suitable for spectrophotometry and gas 
chromatography #DX0831-1 or equivalent) 

• Hexane - suitable for gas chromatography (Omnisolv HX0298-1 or equivalent) 
• The GC operator makes up all surrogates and spikes. Verify the amount of surrogate/spike to 

add to the sample prior to addition.  It can change if a different detection limit is required or 
the volume of sample being analyzed changes. 

TCMX/DCB (2, 4, 5, 6 - Tetrachloro-meta-xylene/Decachlorobiphenyl) - Surrogate 
solution is prepared in acetone by making a cut on stock purchased from a reputable vendor.  
The final concentration is 0.5 µg/mL.  Generally use 1.0 mL of this solution per 1000ml of 
aqueous sample. 

PCB Spiking Solution - The PCB of choice (1242, 1248, 1254, or 1016/1260 are the most 
common) is prepared in acetone at a concentration of 5.0 PPM.  PCB stock is usually 
purchased from RESTEK or equivalent.  The PCB to use may be determined by viewing 
historical data or asking the GC operator.  Generally use 0.2- 1.0 mL per 1000ml of aqueous 
sample. 

Pesticide Spiking Solution - A spiking solution is prepared at the appropriate 
concentration of 1 ppm.  Generally use 1 mL per 1000ml of aqueous sample.  For 608 
samples, 1 out of every 10 samples must be spiked. 



                                         EMPIRICAL LABORATORIES, LLC                 SOP-302 
                                                                                                                Revision: 16 
                                                                                                                  Date:09/23/08 
                                                                                                                Page 4 of 10 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-302 Rev 16.doc 

• TCLP’s - When necessary to set up a TCLP, in addition to setting up the sample, two matrix 
spikes must be set up and should include the following: 1.0 mL is added per 100 mL volume.  
Each matrix type must have its own TCLP spike.   

TCLP Spike 1 - includes Chlordane at 10 µg/mL and Toxaphene at 10 µg/mL.  These 
spikes are made up individually and are also used as the LCS spike.  Add 1 mL of each to a 
100-mL aliquot.  

TCLP Spike 2 - includes Mix A and Mix B @ 100 to 1000 µg/L ppb (also used as the 
pesticide spiking solution).  These spikes are combined into one solution.  Add 1 mL per 100-
mL aliquot. 

 
VI. PROCEDURE 
 
 
1. All waters have a seven-day holding time counted from the hour they are sampled.  

Determine the samples necessary to extract as follows: 
 
Each day a backlog report will be provided indicating sample numbers with the 
respective analysis required.  Line through all the extractions that have been completed 
and plan to do the remaining analysis within the required holding time. 
 
Samples requiring RUSH turn around time may be logged in throughout the day that will 
require your immediate attention.  Login personnel will generally communicate this need.  
 
Check with login throughout the day and examine the COC (chain of custody) forms that 
arrive with each set of samples.   If an analysis is ongoing, extra QC may be avoided by 
picking up those extractions on the same day. 
 

2. Wearing lab coat, gloves and safety glasses, get samples from cooler.  Samples must be 
signed out of the walk-in refrigerator.  Enter the sample numbers, your initials and the 
date and time removed on the log provided. Inspect as to whether they are in glass amber 
jar and have a Teflon lid.  Find out if any special dilutions need to be made for this client. 
Routine procedures for difficult matrices are listed below:  

 
SLUDGE  - use only 100 mL and dilute to 1000 mL with reagent water.   
TCLP EXTRACT - use only 100 mL for the sample and dilute to 1000 mL with reagent 
water.  Two matrix spikes of 100 mLs (per client matrix).  Dilute to 1000 mL with 
reagent water.   
BAD MATRIX – for example a liquid that is partially sediment, see your supervisor to 
find out what dilution, if any, should be made.   

    NPDES client - Samples for method 608/608.2 are checked by login to make sure the pH 
of the sample is in the range of 5.0 and 9.0.  If the sample is not in this range, extraction 
personnel will be notified.  At that time, it is the responsibility of the extraction lab to 
adjust the pH of the sample to the appropriate range (pH of 5-9 using NaOH solution or 
H2SO4, as necessary) or to extract the sample within 72 hours of sampling.  If a pH 
adjustment is made, the details of the adjustment must be recorded on the sample chain of 
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custody and the outside of the sample bottle.  Set up one full list matrix spike for every 
ten samples. 

 
3. Mark the amber glass container of each sample at the water meniscus with "white out" for 

later determination of sample volume. Check the pH by inverting the sample and 
touching the wide range pH paper to the portion that remains on the lid.  Record this pH 
in the logbook 

 
4. Get out enough separatory funnels to extract the number of samples you have plus any 

additional spikes and a method blank.  A method blank and an LCS are to be processed 
with each set of samples. If the sample is a TCLP, a blank may be provided along with 
the extracted TCLP sample(s).  Use only 100 mL and dilute to 1000 mL with reagent 
water. A matrix spike and a duplicate or a matrix spike duplicate must be processed for 
each analytical batch (up to a maximum of 20 samples) except for TCLPs and 608 
samples as noted above. In the event that adequate sample is not provided to do an 
MS/MSD, an LCS duplicate should be done.   Rinse separatory funnels with methylene 
chloride. Place an Avery label on each separatory funnel containing the following 
information:  Lab #, Client name, Type of Analysis, Initial Volume - Final Volume, and 
the Lab Prep Batch Code.  The lab prep batch code is defined as MMDDYYP# where #:  
1 = 1st Method Blank for the day; 2 = 2nd Method Blank for the day; etc.  The Method 
Blank and LCS label should include all lab #s in this set of samples. 

 
5. Using the 500 mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1 liter of reagent water from the carboy and transfer it to a separatory funnel for 
the Method Blank and LCS.  Transfer sample to separatory funnel that corresponds to the 
lab # on the sample bottle.  Add 50 mL of Methylene Chloride to the empty bottle.   

 
6. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can change 

if a different detection limit is required or the volume of sample being analyzed changes. 
Set out the surrogate/spike at least ten minutes before use to allow it to warm to room 
temperature.  

 
Using the 1.0-mL glass syringe marked TCMX/DCB surrogate, add 1.0 mL of 
TCMX/DCB surrogate to each sample, blank and spike. A second analyst 
must verify that the surrogate and spike has been added. Enter the ID# of 
the standard, amount, and the initials of the analysts in the extraction 
logbook. 

 
7. Determine if the sample will require a Pesticide Spike or a PCB Spike or both.  Proceed 

as follows: 
 

Pesticide and PCB - set up two LCS’s  – one for Pesticide getting a MIX A&B spike and 
one for PCB, which should be spiked with PCB 1016/1260.  In addition to the LCS’s, a 
matrix sample spike and duplicate is spiked for pesticides and PCBs. 
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Pesticide only – To the sample in each analytical batch selected for spiking, add 1.0mL of 
Pesticide Spike (Mix A&B) with a glass syringe dedicated for Pesticide Spike.  
   
PCB only - To the sample in each analytical batch selected for spiking, add 
1.0 mL of PCB 1016/1260 or 1248 (project specific) unless otherwise specified 
using a 1.0-mL glass syringe dedicated to that PCB. 
 
NOTE:  Due to limited volume received, usually it is necessary to use 1/2  liter to do a 
spike so that a spike duplicate can be extracted also.  If only one liter is provided for 
spiking purposes, use a 500-mL glass cylinder to measure out half the sample.  Transfer 
to a separatory funnel labeled for the Spike.  Measure the remaining sample and transfer 
to a separatory funnel labeled Spike Duplicate.  Add 1/2 the normal amount of spiking 
solution and 1/2 the normal amount of surrogate. 
 
Enter the ID# of the surrogate and spike used and the initials of the person that verified 
their addition to the sample in the extraction logbook. 

 
8. If necessary, adjust the pH to between 5.0 and 9.0 using NaOH solution or H2SO4. If a 

pH adjustment is made, the details of the adjustment must be recorded in the extraction 
logbook.  

 
 
9. Swirl the 50-mL of methylene chloride that you added to the empty sample bottle and 

transfer to the corresponding separatory funnel.  In addition, add 50 mLs of methylene 
chloride to the method blank, LCS, and spikes. 

 
10. Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting to 

release excess pressure.  Alternatively, teflon separatory funnels may be placed in the 
shaker apparatus with the stopcock slightly open.  When this apparatus is used, the shake 
should be for 3 minutes. 

 
NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial 
venting should be done immediately after the separatory funnel has been sealed and 
shaken once. 

 
11. Allow the sample to set for 10 minutes, if needed, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 
(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe to 
be 50 mL into a 250 mL centrifuge bottle.  If the layers are clearly separated, drain the 
solvent layer into a 400-mL glass beaker. 

 
12. Following Steps 10 and 11, extract two more times with 40 mLs of methylene chloride.  

Combine the three solvent extracts into the same 400-mL beaker. 
 
13. In the logbook marked Pest/PCB extractions, enter the Client name, the Lab #, the date 

extracted, and anything unusual that may have occurred with this sample. 



                                         EMPIRICAL LABORATORIES, LLC                 SOP-302 
                                                                                                                Revision: 16 
                                                                                                                  Date:09/23/08 
                                                                                                                Page 7 of 10 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-302 Rev 16.doc 

 
14.   Dry the sample by either of the following methods: 

14.1 Get a ring stand with a double burette clamp attached to it.  Cover the burette 
clamp ends with aluminum foil to prevent the possibility of solvent touching the 
plastic coated ends and dripping into the extract.  Place a drying column into the 
burette clamp and transfer a small amount of glass wool to the top of it.  Tamp it 
to the bottom with a glass rod so that it adequately covers the hole at the bottom.  
Add approximately 10 cm of Sodium Sulfate to the column.  Rinse with of 
methylene chloride 20-30 mL and discard this rinse.  

 
14.2   Set up a ring stand with funnels.  Place a small amount of  

glass wool in the bottom of it.  Add ~2” sodium sulfate to the column and rinse 
with 20-30 mL methylene chloride.  Discard this rinse. 

 
15. If the extract was drained into a centrifuge bottle, at this point you will need to take it to 

the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the orange 
holders are available for the 250-mL centrifuge bottles.  The sample must always be 
balanced.  If necessary, use a dummy bottle with similar weight using reagent water.  Set 
the rpm at 2500 and the temperature at 25°C.  Close the lid and be sure to press it down 
until you hear it lock.  Move the lever at the front of the lid to the "LOCK" position.  
Turn the time to approximately 15 minutes and bring it back to 10 minutes.  As the rotor 
begins to move, you will be able to see the rpm's in the digital readout.  Stay with the 
centrifuge until it has come up to the rpm's set to insure that it does not become 
unbalanced.  This looks like 8888 on the digital readout.  Should this occur, refer to the 
manual.  When the cycle is complete, the digital readout will read 0000.  Push the 
"OPEN" button and the lid will pop up.  Move the lever at the front of the lid to the 
"UNLOCK" position.  Open lid and remove sample.  The sample will usually be in two 
layers with the extract on the bottom. 

 
16. Remove any water layer from the extract in the beaker or centrifuge bottle, by one of two 

methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, on top, 
and not the solvent.  Discard this layer.  Use the smallest amount possible of Na2SO4 by 
sprinkling the top layer with Na2SO4 until it hardens, separates, and drops to the bottom. 

 
17. TURBO-VAP CONCENTRATION  
  

17.1. Rinse a Turbo-Vap tube and arrange it underneath a rinsed, packed 
drying column/funnel.  Pour the extract through the column so that it will 
collect in the tube.  Rinse the 400-mL beaker twice with 10 mL of 
methylene chloride.  Rinse the column with 10 to 15 mL of methylene 
chloride.  For solvent exchange purposes add 50 mL of hexane to each 
tube.  Total volume in the glass evaporator tube should not exceed 200 
mLs to avoid splattering on the lid of the Turbo-Vap.  While waiting for 
the drying column/funnel to quit dripping, record the numbers of the 
Turbo-Vap tube in the Pesticide/PCB logbook and remove the tube to a 
metal holder.   



                                         EMPIRICAL LABORATORIES, LLC                 SOP-302 
                                                                                                                Revision: 16 
                                                                                                                  Date:09/23/08 
                                                                                                                Page 8 of 10 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-302 Rev 16.doc 

 
17.2 Turbo-Vap Operation:  Adjust pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  Temperature 
of the bath should be at 40°C -50°C.  To help prevent cross 
contamination, cover the turbovap tube with aluminum foil and punch a 
small hole in the top. 

 
17.3 Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube 

down so the tip slides into the sensor well.  Close the lid to start 
concentration.  Check that each position with a tube has an orange light 
showing.  If the orange light is not steady, bubbles may be in the sensor 
and need removal.    (See Turbo-Vap manual). 

 
17.4 When the Pesticide and/or PCB samples concentrate to approximately 

one mL, remove the tube from the Zymark.   
 

NOTE: For PCBs Only* Some wastewater samples will form a gel like 
substance when the hexane is concentrated.  Proceed with these samples 
as follows:  Add just enough methylene chloride to make the gel go back 
into solution.  Acid clean the extract and reconcentrate.  Exchange with 
hexane again.  If gel forms again, add enough methylene chloride to get 
gel back into solution.  Transfer to a suitable container and record the 
final volume on the label and the extraction logbook. Note the percentage 
of methylene chloride in sample also. 

 
17.5 When the beep sounds indicating the end of concentration, the extract 

will be at approximately one – one half mL (half way up tip of tube).  
Remove the tube from the bath.  Hold the tube and the sample vial in one 
hand at about a 45° angle.  Use a 9" Pasteur pipette to draw up the 
sample and transfer it to the 4.0-mL vial.  Spilling a drop or two during 
the transfer is critical because one drop represents 5% of the sample. 

 
17.6 Add 1 ml of hexane to the turbovap tube.  Draw into the pipette and rinse 

down the conical portion of the tube several times.  Transfer this rinse to 
the 4.0-mL vial.  Rinse again with 1 ml of hexane and transfer to the 
sample vial. Adjust the volume to 4.0 ml with hexane.  Cover the extract 
with a Teflon-sealed screw cap and transfer the label to the vial.   

 
 
 
18. The extract obtained above may now be analyzed.  Refrigerate to 4°C. Samples must be 

signed into the Hobart refrigerator.  On log provided, enter the sample numbers, analyst 
initials, and the date and time the samples were placed into the Hobart. 

 
 
NOTES:  
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If the final extract is yellow or dark in color or the matrix is oily and viscous, further cleanup may 
be desired.  Refer to the Florisil Cartridge Cleanup Method, the Copper Cleanup Method, and/or 
the Acid Cleanup Method for further information.  (SOP-309, 307, and/or 308) 
 
Pesticides that have aldrin detected in them may be cleaned using the SW-846 method 3630 
(Silica Gel Cleanup).  The GC Lab would notify extraction personnel if this cleanup is necessary.  
 
VII.      DOCUMENTATION OF CAPABILITY (DOC) 
            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 
 
VIII.     WASTE MANAGEMENT AND POLLUTION PREVENTION 

 
  Please see Waste Disposal SOP-405 for the proper disposal of waste generated from 

this area. 
 
                Quantity of chemicals purchased should be based on expected usage during its shelf 

life and the disposal cost of unused material. Actual reagent preparation volumes 
should reflect anticipated usage and reagent stability. 

 
IX.       METHOD PERFORMANCE 
 
                  Refer to SOP-211 for method performance. 
                   
X.        HEALTH AND SAFETY 

Refer to the MSDS sheets for the chemicals used for health and safety information.     
Also see SOP-336 for proper use of methylene chloride. 

 
REFERENCES 

 
1. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 
2. 40 CFR, Method 608. 

 
 

 
 
 
 
 
 
 

DEFINITIONS 
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°C -        degrees centigrade 
COC -    chain of custody 
DL -       detection limit 
g -          grams 
KD -       kuderna danish 
LCS -      laboratory control sample 
μg/L -     micrograms per liter 
µL -        microliter 
μg/ml -    micrograms per milliliter 
ml -         milliliter 
mm -       millimeter 
MS -       matrix spike 
MSD -    matrix spike duplicate 
PCBs -    polychlorinated biphenyls 
Pest -      pesticides 
RL -        reporting limit 
SOP -     standard operating procedure 
TCMX - tetrachloro-m-xylene 
v/v -        volume to volume 
 
Refer to SOP-431  for further definitions 
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BNA & Pesticide/PCB & TPH NON-AQUEOUS MATRIX 
(Microwave Extraction) 

Using SW846 METHOD 3546 

1. SCOPE AND APPLICATION 
a. 	This SOP describes the extraction of BNAs, pesticides/PCBs, and TPHs from 

soil, sediment, sludges and waste solids by an automated method (3546). 

2. SUMMARY 
a. Soil and solid samples are mixed with sodium sulfate and extracted with 

solvent in a Microwave extractor for BNAs, Pesticides/PCBs, or TPHs. The 
extracts are then concentrated by a Turbo Vap concentrator. 

3. INTERFERENCES 
a. Solvents, reagents, glassware, and other sample processing apparatus can add 

interferences to sample analysis. Method blanks must be extracted under the 
same conditions as samples to demonstrate freedom from interferences. 

b. Phthalate esters commonly found in plastics can interfere with the analysis. 
Plastics should be avoided. 

c. Soap residue can degrade certain analytes such as aldrin and heptachlor. 
Glassware should be solvent rinsed to avoid this problem. 

APPARATUS AND MATERIALS 
d. Stainless Steel spatula 
e. Microwave extractor unit with 40 position carousel, electronic components, 

and ample ventilation 
f. Microwave extraction Teflon tubes, capacity approximately 75mL 
g. Suitable Teflon cap and screw-top lid 
h. Drying column (Chromatographic column) — 20mm I.D. x 300mm 
i. Vial — 2mL clear with Teflon-lined screw cap 
j. Vial — 12mL clear with Teflon-lined screw cap 
k. Syringe — lmL, 500uL 
1. 	Pasteur pipet — 9" length 
m. Pasteur pipet bulb 
n. Labels — Dymo 
o. Aluminum foil — heavy duty 
p. Nitrogen tank — equipped with pressure regulator 
q. TurboVap Concentrator with 200mL concentrator tubes 
r. Teflon funnels for pouring off 
s. Balance — capable of weighing to 0.lgrams 
t. Aluminum pie pans for mixing samples 
u. Filter paper — I 85mm 
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4. REAGENTS 
a. Sodium Sulfate (Na2SO4) — Granular, anhydrous, trace pure 10-60 mesh 

(purchased in bulk containers from Fisher #S415-10S or equivalent) 
b. Methylene Chloride (Please read SOP — 336 before handling this solvent in 

our laboratory) (Dichloromethane) — suitable for spectrophotometry and gas 
chromatography (Fisher #D151-4 or equivalent) 

c. Hexane — suitable for spectrophotmetry and gas chromatography (Fisher 
#H303-4) 

d. Surrogate/Spike Solutions — Verify the amount of surrogate/spike to add to the 
sample prior to addition. It can change if a different detection limit is required 
or the volume of sample being analyzed changes or if the initial concentration 
of stock is different than that listed below: 

i. BNA Surrogate (100tig/mL) — The base neutral and acid surrogates 
are mixed together in one solution. This solution is prepared in 
methanol by making a dilution of stock purchased from a reputable 
vendor. Use 0.5mL of this solution per 15g of non-aqueous sample. 
(For low-level PAHs use 1.0mL of 1.0ug/mL BN Surrogate spiking 
solution.) 

ii. BNA Spiking Solution #1 & #2 (100 ug/mL) — The base neutral and 
acid spiking solutions are mixed together in one solution. This 
solution is prepared in methanol by making a dilution of stock 
purchased from a reputable vendor with same compounds as for 
calibration. Use 0.5 mL of this solution per 15g of non-aqueous 
sample. (For low-level PAIls use 1.0mL of 1.0 ug/mL PAH spiking 
solution.) The BNA Spiking solutions contain all targets that are 
calibrated for GC/MS. DOD QSM requires all targets to be 
spiked in the LCS and MS/MSD. 

iii. TCMX/DCB 	 (2,4,5,6-Tetrachloro-meta- 
xylene/Decachlorobiphenyl) Surrogate solution is prepared in 
acetone by making a cut on stock purchased from a reputable vendor. 
0.5mL at 0.5 ug/mL of this solution is added per 15g of non-aqueous 
sample. 

iv. PCB Spiking Solution — Arochlor 1016/1260 or the PCB of choice 
(1242, 1248, 1254, or 1260 are the most common) is prepared in 
acetone at a concentration of 5.0ug/mL. PCB stock is usually 
purchased from RESTEK or equivalent. The PCB to use may be 
determined by viewing historical data or asking the GC operator. Use 
0.5mL per 15.0g of non-aqueous sample. 

v. Pesticide Spiking Solution — A spiking solution is prepared at 1.0 
ug/mL. Use 0.5mL per 15g of non-aqueous sample. 

vi. TPH Surrogate — Surrogate solution is prepared in acetone by 
diluting stock ortho-terphenyl standard to a final concentration of 20 
ug/mL. Use ImL per 15 grams of sample. 

vii. TPH Spike — A spiking solution is prepared by extractions analyst that 
has a concentration of 1000 ug/mL in acetone. 
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5. SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 
a. Samples are collected in an appropriate size wide-mouth glass jar (4oz. or 8 

oz.) with a Teflon-lined cap. 
b. Samples are preserved by cooling to 4°C. 
c. Holding time is 14 days from collection date to extraction. 

6. PROCEDURE 
a. All soils have a 14-day holding time counted from the day they are sampled. 

Determine the samples necessary to extract using the following information 
(DO NOT extract samples for which you have no information.): 

i. Each day a backlog is generated in ELEMENT providing all relevant 
sample information, including samples numbers and respective 
analysis required. 

ii. Samples requiring RUSH turn around time may be logged in 
throughout the day which will require your immediate attention. Log-
in personnel will generally communicate this need. 

iii. Check the backlog throughout the day to re-evaluate priority if needed. 
b. Wearing lab coat, gloves, and safety glasses, get samples from cooler. 

Samples must be signed out of the walk-in refrigerator. Enter the sample 
numbers, your initials, and the date and time removed on the log provided. 
Inspect as to whether they are in glass and have a Teflon lid. Find out if any 
special dilutions need to be made for this client. If the sample has a 
particularly bad matrix or a strange matrix, see your supervisor to find out if a 
microwave extraction is truly necessary. 

c. Get twice the number of aluminum pie pans to prepare the number of samples 
you have plus any additional spikes of LCSs and a method blank. A method 
blank and LCS must be processed with each set of samples. A matrix spike, a 
duplicate or a matrix spike duplicate and a LCS must be processed for each 
analytical batch (up to a maximum of 20 samples). Using the LIMS, create a 
batch of samples and print off sample labels. The LIMS will create a unique 
batch sequence number. 

d. Decant and discard any water layer on a sediment sample by carefully pouring 
this off into a trashcan. 

e. Dump the entire sample into an aluminum pie pan and mix sample thoroughly 
with a spatula until mixture is homogenous. Discard any foreign objects such 
as sticks, leaves, and rocks. 

It is extremely important that waste (when appropriate), soil and sediment samples be 
mixed thoroughly to ensure that the sample is as representative as possible of the sample 
media. The most common method of mixing is referred to as quartering. The quartering 
process should be performed as follows: 
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• The material in the sample pan (inorganic-plastic/organic-
aluminum) should be divided into quarters and each quarter 
should be mixed individually. 

• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

This procedure should be repeated several times until the sample is adequately mixed. 

NOTE: Samples that are clay type materials should be handled in a different 
manner. Due to these type sample matrices having an affinity to stick to most 
anything that touches it, another approach must be followed. Obtain a 
representative sub-sample aliquot from the center or middle section of the sample 
container 

f. Place an aluminum pie pan on the balance and zero it. Calibrate balance with 
ASTM class-I Troemner weights or equivalent, bracketing desired weight 
(50g, 20g, 10g, 5g, 1g). 	Record calibration in the Extraction 
calibration/temperature logbook. Using a spatula, transfer the appropriate 
weight, 110-20 grams depending upon client or project specific Detection 
Limits (DL) and/or Reporting Limits (RL)}, of a representative sample to 
the nearest 0.1 gram. Noinially 10 or 15g sample weights are used. Record 
this amount on your label. Put your label on the side of the 400-mL beaker. 
For spiking purposes, weigh 3 aliquots of the appropriate sample. Pick a 
sample with a good matrix, one that mixes well, non-oily, etc. 

g. Add — 15 grams of sodium sulfate to the aluminum pie pan. Using a spatula 
and/or a glass rod, mix the sample thoroughly with the sodium sulfate until it 
becomes a sandy texture. If necessary, add additional sodium sulfate. When 
removing the spatula or glass rod from the mixed sample, leave behind all the 
sample possible. Cover the aluminum pie pan with foil and continue to 
weigh up the remaining samples. For the method blank and LCS, weigh up 15 
grams of sodium sulfate. The matrix used for the method blank and LCS must 
be free of the analytes of interest and processed through the same analytical 
steps as the samples. 

h. Verify the amount of surrogate/spike to add to the sample prior to addition. It 
can change if a different detection limit is required or the volume of sample 
being analyzed changes. Set out the surrogate/spike at least ten minutes before 
use to allow it to warm to room temperature. Someone must verify that the 
surrogate/spike has been added by watching and signing off on bench sheet. 

NOTE: Surrogate and spike should be added just prior to extraction. 
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i. Using the 1-mL glass syringe designated for BNA surrogate, add 0.5 mL of 
BNA surrogate to each sample, spike, and blank. (For low level PAHs use 
1.0 ml of the 1.0 pg/mL BN Surrogate spiking solution.) or using the 1.0-
mL glass syringe marked TCMX/DCB surrogate, add 0.5 mL of TCMX/DCB 
surrogate to each sample, blank and spike. TPH samples will need 1.0 mL of 
appropriate. 

For the BNA sample in each analytical batch selected for spiking, use the 0.5-
mL glass syringe marked Base Neutral Acid Spiking to add 0.5 mL of the 
Base Neutral Acid Spiking solution. (For low level PAHs use 1.0 ml of the 
1.0µg/mL PAH spiking solution.) 
For Pest/PCB samples, determine if the sample will require a Pesticide Spike 
and/or a PCB Spike. Proceed as follows: 
Pesticide and PCB - set up two LCS's — one for Pesticide getting an AB 
MIX spike and one for PCB, which should be spiked with PCB 1660. In 
addition to the LCSs, a matrix spike/matrix spike duplicate is necessary for 
the pesticide. Prepare a PCB matrix spike/ matrix spike duplicate if requested 
by the client. 
Pesticide only — To the sample in each analytical batch selected for spiking, 
add 0.5 mL of Pesticide Spike (Mix A&B) with a glass syringe dedicated for 
Pesticide Spike. 
PCB only - To the sample in each analytical batch selected for spiking, add 
0.5 mL of PCB 1016/1260 (unless otherwise specified, 1248 for BB&L) using 
a 1.0 mL glass syringe dedicated to that PCB. Add 20 grams of Na2SO4. 

j. Place a Teflon cap and Teflon screw top on the Teflon microwave tube. 
Using the cap tightener station, tighten the caps and invert sample to insure 
proper mixing and check for leaks in cap. 

k. Place microwave tubes in microwave carousel making sure they are in order 
and spaced evenly throughout the carousel to insure proper heating while in 
microwave. 

1. Place microwave carousel in microwave making sure the carousel is properly 
lined up with the turning mechanism. 

m. Choose saved program option based on total number of samples to extract and 
begin process by pressing the start button. The program is set to EPA method 
3546 specifications. 

For 1-15 samples: 
Max power: 800W 100% 
Ramp time: 15:00 
Control temperature (in Celsius): 110 
Hold time: 10:00 
Cool down: 5:00 
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For 16-40 samples: 
Max power: 1600W 100% 
Ramp time: 15:00 
Control temperature (in Celsius): 110 
Hold time: 10:00 
Cool down: 5:00 

n. Allow samples to cool in the carousel for an additional 30 minutes before 
attempting to handle the extracts. 

o. Transfer the extract to a pre-rinsed turbo yap tube by first passing through a 
funnel with P4filter paper sodium sulfate. All tubes and funnels should be 
pre-rinsed with Methylene Chloride. After pouring the extract into the turbo, 
rinse the microwave tube 3 times with Methylene Chloride and transfer the 
rinsate to the turbo. Finally, rinse the funnel with an adequate amount of 
Methylene Chloride using a Teflon squirt bottle. This ensures optimum 
transfer of all compounds of interest. 

p. Now concentrate the extract to 1.0mL using the turbovap concentrator. 
i. Turbo-Yap Operation: Adjust the pressure of nitrogen gas tank to 

50 psi. Make sure the tank has 200 psi or more on the main valve. 
The temperature of the bath should be approximately 50-55°C. The 
pressure target range should be about 20-25 psi. 

ii. Place the turbo yap tube in the Turbo-Vap. Be sure to push tube down 
so the tip slides into the sensor well. 	Close the lid to start 
concentration. Check that each position with a tube has an orange 
light showing. If the orange light is not steady, bubbles may be 
detected by the sensor and need removal. (See Turbo-Vap manual). 

iii. When the beep sounds indicating the end of concentration, the extract 
will be at approximately 1 mL. Remove the tube from the bath. 

q. BNA and TPH samples need to be concentrated to —1.0mL while Pesticides 
and PCB should be concentrated to —5.0mL in turbo vap. Using clean solvent, 
rinse turbo with Pasteur pipet and bring sample to volume in sample vial. 

7. DOCUMENTATION OF CAPABILITY (DOC) 
a. Each analyst must perform a DOC to demonstrate proficiency with this 

method. Refer to SOP-413 for guidance. 

8. WASTE MANAGEMENT AND POLLUTION PREVENTION 
a. Please see Waste Disposal SOP-405 for the proper disposal of waste 

generated from this area. 
b. Quantity of chemicals purchased should be based on expected usage during its 

shelf-life and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 
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9. METHOD PERFORMANCE 
a. Refer to SOP-201 SOP-211 and SOP-219 for method performance. 

10. REFERENCES 
a. EPA Methods SW-846, Method 3546 

1. DEFINITIONS 
a. Refer to SOP-431 for definitions. 

12. HEALTH AND SAFETY 
a. Wear appropriate personal protection equipment when working with 

chemicals or samples. 
b. Use the lab hoods when working with solvents. 
c. Use caution when mixing strong acids or bases. Solutions will become 

extremely hot when mixing with water. Avoid splashing these solutions so 
they won't come in contact with the skin or eyes. If this happens, flush with 
lots of water. Contact your supervisor if serious and medical attention is 
needed. 
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LABORATORY SAMPLE RECEIVING, LOG IN AND STORAGE 

This SOP lists in as much detail as possible our daily procedures for sample receiving, log in and 
storage of laboratory samples. Keep in mind that there may be project specific requirements that are 
more strict or different than our routine procedures. In these instances, the project specific 
requirements must be met and followed. Although a few project specific requirements are detailed in 
this SOP, i.e. USACE certification issues, not every situation can be addressed. If there is ever any 
uncertainty on what procedures must be followed, please see the Testing Coordinator immediately. If 
ever in doubt, always go with the more stringent requirements. This document will constantly be 
reviewed and revised as necessary. 

SAMPLE ACCEPTANCE CRITERIA 

A sample may be rejected for compliance purposes if it does not meet the following criteria. 
Analyses may only proceed after notification and approval to proceed from the client or from the 
laboratory manager. 

1. Sample must be properly preserved and in the proper container for the requested analysis. 
2. Sample integrity must be maintained. The container shall be intact without cracks, leaks, or 

broken seals. 
3. Adequate sample volume must be received for the requested analysis, including volume for any 

requested QA/QC (MS/MSD). 
4. The sample ID on the bottle label must match the sample ID listed on the chain of custody. 
5. The sample container label and the chain of custody must be completed with indelible ink. The 

sample label must be intact and list all necessary infoimation; to include: sample date, sample 
time, sampler, and sample ID/location. The chain of custody shall also indicate sample date and 
time, requested analyses, and all necessary client information. 

6. Sample temperature must be less than 6°C or received on ice. 
7. Sample must be within holding time for the requested analysis. 

These issues are discussed in more detail below under the "Sample Receiving" section of this 
document. 

I. Sample Receiving 

A. Samples are received at the Empirical Laboratories on 621 Mainstream Drive, Suite 270 
Nashville, TN 37228. 

1. The majority of samples are shipped in coolers by couriers such as Federal Express and 
UPS. All couriers are generally received in the Empirical Laboratories Sample 
Receiving (SR) area loading dock in back of the laboratory. The laboratory is located 
close to the Federal Express (FedEx) distribution station, therefore we do pick up our 
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coolers at the FedEx location and transport them back directly to the laboratory. Some 
coolers and/or samples are delivered directly to the SR area by the sampler and/or client. 

2. Some coolers and/or samples may be received directly by Empirical Laboratories 
Sample Receiving personnel. If samples are hand delivered by the client make sure that 
necessary paperwork is included and that you sign and date the chain of custody, as well 
as record the temperature of the samples on the chain of custody as well. If the 
Empirical Laboratories Chain of Custody [Attachment 11] is used the white and yellow 
copy of the chain of custody is retained and the pink copy must be given to the client. 

B. When going through the required steps for Sample Receiving and Sample Log In, keep in 
mind that a Corrective Action Report (CAR) for Sample Receiving [Attachment III] must be 
completed to document any problems, discrepancies, project changes, etc. encountered during 
the process. This includes but is not limited to incorrect sample containers, improper 
preservatives [chemical and temperature], chain of custody discrepancies, sample 
descriptions, etc. A CAR may be completed just to keep a record of a situation, which is not 
actually "out of compliance." 

. Make sure that all information on the CAR is stated clearly and very detailed. Many times 
it is necessary to refer to these documents a year or more after they were completed. 
Document all correspondence including name, date, company and response. 

2. 	The CAR foil 	is must be numbered starting with No. 001 at the beginning of the year (e.g. 
01-001). No two forms should have the same number. All CARs must be forwarded to 
the Project Manager and/or receiving manager for approval and distribution. THIS MUST 
BE DONE ASAP OF WHEN THE PROBLEM/SITUATION IS DISCOVERED. 

C. Visually inspect all coolers for tampering, custody seals present and intact (if applicable) 
leakage, etc. If a cooler has been damaged beyond repair, unpack the samples and discard the 
cooler as to not reuse it. If you suspect a cooler may be damaged or is extremely dirty this 
cooler must not be reused. If coolers were sent by Federal Express, examine the Federal 
Express airbills for the number of packages in the shipment and make sure that all the 
packages (coolers, boxes etc.) in a group have been received. If there are any problems the 
Project Manager must be contacted immediately. If anything looks unusual, take the time to 
check it out and document the situation and findings. 

D. Open each cooler in order to quickly inspect the contents and to locate the chain of custody. 
Sample Receiving personnel should wear the following personal protection equipment: 
gloves, safety glasses and a laboratory coat. All coolers received from projects with the US 
Army Corps of Engineering (USACE) and AFCEE projects should be opened under the 
hood in the sample storage room. Sign then list the date and time received on the chain of 
custody. The time received must reflect the actual time the samples were received even 
though they may be logged into the system at a later time. Samples received on Saturday may 
be processed on the following Monday morning, or samples received late in the day during 
the week may be processed the next morning. All cooler(s) must be opened, examined for 

V:ILA13\QAQC\SOP\SOP-404REV13.doc 



EMPIRICAL LABORATORIES, LLC 
	

SOP-404 
Revision: 13 
Date: 06/29/09 
Page 4 of 22 

leakage, breakage etc., the temperature measured and the chain of custody signed and dated to 
reflect the actual date and time which they were received. The samples must be delivered to 
the appropriate analytical department or put in cold storage as soon as possible. 

1. Attach any shipping receipts, work orders, etc. to the chain of custody. 

2. If a chain of custody or other paperwork is not sent, the client must be contacted and the 
samples temporarily placed on hold in cold storage. In some instances the log-in person 
may complete a chain of custody. The required information may be found on the sample 
containers or it may be necessary to call the client to get the missing information (i.e. 
sample ID, collection date and time, etc.). Note on the chain of custody that it was 
completed by laboratory personnel and record the name of the person with whom you 
spoke. All attempts to encourage our customers to complete a chain of custody or submit 
written information for samples must be made. 

3. Project specific paperwork may be required. For all projects, a Cooler Receipt Form 
'Attachment IV] must be completed for each cooler received. Sample receiving personnel 
must begin completing this form as soon as a cooler is received and complete this form as 
samples go through the log in process. 

E. The temperature of each cooler or set of samples must be measured as quickly as possible 
using a they 	inometer with 0.1°C increments. This thermometer must be calibrated against a 
NIST certified thermometer once a year and this information recorded in a bound notebook. 
The Certificate of Calibration for the NIST thermometer is kept on file at the QAO's desk. 
The thermometer must be tagged with the unique identification number of SR#1 and serial #; 
(Sample Receiving #1), the date calibrated and the correction factor. This information must 
also be recorded in a bound notebook. Only this thermometer can be used for recording the 
temperature of sample coolers upon receipt. 

To measure the temperature, open the temperature control blank if supplied, point the TR 
thermometer at the liquid surface, wait 30 seconds for temperature to stabilize. Read the 
temperature to the nearest 0.1 °C. The corrected value temperature must also be recorded 
on the chain of custody. (This value will also be recorded into the LIMS at a later point.). 
All regulatory compliance samples received from North Carolina that do not meet the 
temperature requirement will be segregated and the client will be notified of the non-
compliance. The samples will not be analyzed until we receive client notification to 
proceed with analyses. 

2. 	If the temperature exceeds 6°C for any sample, the Project Manager or Sample Receiving 
personnel must contact the client immediately. There may be tighter temperature control 
limits for specific project requirements. The customer must make the decision to either 
continue with the analyses or resample. Make sure the client is aware that if the samples 
are analyzed, the following qualifier is normally included on the final report: "The 
shipping cooler temperature exceeded 6°C upon receipt to Empirical Laboratories. This 
may have an impact on the analytical results. The concentration may be considered as 
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estimated." Not all samples for the project will be flagged, just those samples received 
above 6°C. 

Many times we are not able to get in touch with the client quickly and the best judgment 
on how to handle the samples must be made after discussion with the Testing Coordinator 
and/or Laboratory Director or Technical Director. The samples may still need to go 
through the log in process although it may be eventually determined that the samples will 
not be analyzed or the samples may temporarily be placed on hold and not logged in. 
Above all do not allow the samples to set out at room temperature for an extended period 
of time while waiting for a decision. A CAR outlining the problem and all 
correspondence must be completed. 

The only exceptions to the 6°C rule are: 

a. Water samples for all Metals, (except Chrome 6+ and mercury) that have been 
preserved with HNO3 to a pH of < 2. Keep in mind that non-aqueous sample for 
Metals must be cooled. 

b. Samples for Fluoride, Chloride and Bromide. 

c. Waste/Product samples for all parameters. 

d. Samples generated in the Aquatic Toxicology laboratories and brought directly to 
Sample Receiving after they are collected. Sample receiving personnel should 
place these in cold storage as soon as possible. 

e. Samples collected locally by Empirical Laboratories personnel or local customers 
that hand deliver their samples. In some instances these samples may not have had 
time to cool down; however, these samples should have been placed on ice in an 
attempt to cool them to the proper temperature. This exception is only applicable 
if the samples were collected the same day as the laboratory receives them. It 
should be noted if samples are "Received On Ice" (ROI). 

Samples that are received on ice and it is evident that the client made a good faith 
attempt to properly cool the samples. 

F. If several coolers are received at once, they must be inspected to determine the order in which 
the samples should be unpacked and logged in. The following priorities should be given: 

1. Any analyses, which have a 24-72 hour holding, time. It is the log-in person's 
responsibility to notify the department manager or section group leader of such samples 
via e-mail and verbally. 
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2. Any sample which has almost exceeded its' holding time. (Especially watch for this with 
waters organic extractions, Solids and Sulfides, all of which have only 7 days). A list of 
parameters and holding times is posted in the log-in room. 

a. If a sample is received already out of holding time, the project manager must be 
contacted. The sample can be analyzed at the client's request, but it will be qualified 
on the final report as being analyzed out of holding time. The project manager must 
inform you of the client's need. 

b. If a sample is received with limited holding time remaining for any parameter it may 
be necessary to contact the project manager so that he/she can contact the client. If the 
sample has to be analyzed on a rush basis to meet the holding time a rush charge may 
apply. Also it may not be possible to analyze the sample within the holding time due 
to sample load, etc. A CAR must be completed. 

3. Samples requiring rush turnaround. 

a. If sample(s) require 24-hour turnaround they will take first priority. Other rush 
requests also have high priority. 

b. The Project Manager and/or Section Manager must be contacted for approval 
concerning any unscheduled rush requests. 

G. Unpack all samples from the cooler. If there are any known or suspected hazards this must be 
done under a hood. All coolers from USACE projects should be unpacked under a hood. It 
may be necessary to rinse off the outside of the containers in the sink and/or wipe them off 
with a paper towel. 

Visually inspect them for tampering and custody seals (if applicable). Sort and inventory 
the samples against the chain of custody by arranging them in the same order as they are 
listed on the chain of custody. Normally samples are assigned log numbers in the same 
order as they are listed on the chain of custody but for certain projects or situations it is 
acceptable to arrange them in a manner which will make them easiest to log in. 

2. 	Check for leakage as this could compromise the sample integrity. If any spillage occurred 
in the cooler make sure this is noted. Also list all the other samples in the cooler as cross 
contamination could occur. A CAR must be completed and the Project Manager and/or 
the customer may need to be notified in these situations. It may be necessary to resample. 

H. Check the chain of custody information against the information recorded on the containers. If 
these do not agree, contact appropriate person (s) - Project Manager, sampler, client, etc. All 
problems must be documented with a CAR. 
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If major changes are made on the chain of custody received from an engineering job, then 
the PE should submit written confirmation of these changes or make the corrections and 
initial them directly on the chain of custody. 

2. Any error found on the chain of custody must be marked through with one line, initialed 
and dated and the correction written in. 

I. Note any unusual requests, methodology, hazards (known or suspected) to the Project 
Manager and/or Laboratory Section Manager or analysts before the samples are actually 
logged in. Keep notes of any problems (improper containers, preservatives, temperature, or 
descriptions, etc.) A CAR must be completed and the analyst or manager should be notified 
immediately. If ever in doubt, fill one out? 

IL Sample Log In 

A. After samples have been unpacked, sorted and reviewed, they are then ready to be assigned 
log numbers and continue through the log in process. Make sure that the parameters for the 
samples are clearly marked on the chain of custody. If we prepared the sample kits there 
should be a sample kit work order form. Contact the Project Manager if there are any 
questions, problems, etc. 

B. Assign a work-order and sample number to each individual sample and record it on each 
sample container and the chain of custody. 

All containers with the same description must have the same sample number even if they 
have different preservatives and require different tests. However, each different fraction 
(bottle type and/or preservative) should be designated with a letter (A, B, C, etc.) 

2. Grab and composite samples from the same sample location must be considered as 
separate samples. It may be necessary to use "grab" or "composite" as part of the sample 
description to distinguish between the samples. Only assign different log numbers to 
them if the parameters are clearly marked as grab and as composite. Do not assume that 
VOC must be analyzed from grab samples so therefore the client must have taken a grab 
sample. 

3. Sample numbers must begin with 001 at the beginning of each year (e.g. 0101001). 

C. Check the following items and record this information on the cooler receipt form to further 
ensure sample integrity. A CAR must be completed if any of the following requirements are 
not met and it may be necessary to contact the client. We can perform the analyses in most 
cases and will do so with the client's approval, however the results may be qualified in some 
manner on the final report. 
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Preserving sample integrity throughout the log in procedure must be one of our section's top 
priorities. This includes not only ensuring that the proper chemical preservatives have been 
added but also that the samples are received and maintained at the proper temperature. When 
samples are unpacked they must be placed in cold storage within two hours even if they 
have not been through the entire log in procedure. All samples for NPDES compliance 
monitoring from North Carolina will be stored at a temperature range of 1.0 to 4.4°C. All 
other NPDES samples will be stored at 4.0 ± 2.0°C. On the days we receive a large volume 
of samples, or are short handed, etc., we may not be able to completely log in all samples until 
late in the day or even the next day. Samples should not set out at room temperature if there 
is a delay. The samples must temporarily be placed in cold storage until you are able to 
complete the log in procedure. This should also be done when we take lunch breaks. 

[Make sure the VOC containers are not temporarily stored in a non designated VOC only 
storage area.] 

Determine if the samples were received at the proper temperature. (See section IC) 

2. The sample descriptions on the bottle should match those on the chain of custody. (See 
section 1H) 

3. Check to determine if the proper chemical preservatives were added to adjust the sample 
to the correct pH. All regulatory compliance samples received from North Carolina that 
do not meet the preservation requirement will be segregated and the client will be notified 
of non-compliance. The samples will not be analyzed until notification to proceed with 
analyses is received from the client. A list of parameters and the required chemical 
preservatives is posted in the log-in room. The verification of this preservation will be 
recorded on the Cooler Receipt Forrir for all projects. If Empirical Laboratories prepared 
and shipped out the sample containers they will have been pre-preserved unless instructed 
otherwise by the client. Complete traceability of the preservatives used to pre-preserve 
the sample containers and to preserve samples in the log-in area is required. A bound 
notebook must be used to trace this information and must include the following: Lot #, 
Type of preservative, Date Prepped, Amount and Analyst Name. This information must 
also be labeled on each container, re-pipetter, etc. that the preservative is stored in. Each 
lot of HNO3 used for Metals preservation must be tested prior to using them for 
preservation. These analyses are kept on file. 

a. The pH of each container (except VOA vials) which requires pH preservation must be 
checked. Do not open and check the pH of VOA vials in sample receiving/log-in. 

b. The pH of preserved samples is checked and confirmed using pH narrow range 
indicator paper. When the client request pH analysis on samples and they must be 
reported and measured for pH using the narrow range paper, rather then a pH meter, 
the accuracy of each batch of indicator paper must be calibrated to the nearest tenth 
versus certified pH buffer and recorded into a bound logbook in accordance with 
SW846 method 9041A pH Paper method. 
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c. When taking the pH reading, DO NOT PUT THE pH PAPER DIRECTLY INTO THE 
SAMPLE CONTAINER. Pour up a small aliquot and dispose of this volume after the 
pH is taken. For some samples (wastes) the indicator paper may not be accurate due 
to interferences. The observation of the appropriate color change is a strong indication 
that no interferences have occurred. If it appears as if there is interference, the pH 
must be measured using the pH meter. [See SOP ATSD-187 pH, Electrometriel 

4. The following guidelines must be followed to check pH preservation: 

a. Water samples for Cyanide analyses must be preserved to a pH of >12 with NaOH 
upon collection. If the pH of these samples is between 11.0-12.0 upon receipt, and the 
samples are at the proper temperature and not over 48 hours old it will not be 
necessary to complete a CAR, however the sample should be adjusted to >12.0 unless 
project/client specific requirements are to contact the client first. 

b. Water samples for Metals analyses must be preserved to a pH of <2.0 with HNO3 
upon collection. If the pH of these samples is between 2.0-.3.0 upon receipt, and the 
samples are not over 48 hours old it will not be necessary to complete a CAR, 
however the sample should be adjusted to <2.0. unless project/client specific 
requirements are to contact the client first. 

c. Samples requiring analyses which are preserved with H2SO4 (i.e., Nitrogen 
compounds, Total Phenolics, Oil and Grease, Total Phosphorus, etc.) can be accepted 
up to a pH of 2.5 without a CAR, however the sample should be adjusted <2.0 unless 
project/client specific requirements are to contact the client first. Samples for sulfide 
analysis must have a pH >9. 

d. If a sample is not properly preserved, log-in personnel must either do the following: 

• To meet project specific requirements, including all USACE projects, the client 
must be notified before preserving or adding additional preservative to the sample 
unless otherwise instructed. If the client instructs us to add chemical preservatives 
to a sample, complete traceability of the preservatives used is required (See section 
IIC, #3). A CAR must be completed. 

• For other projects it may be acceptable to preserve the sample accordingly before 
the sample is placed in storage. Complete traceability of the preservatives used is 
required (See section IIC, #3). A CAR outlining the project and the steps taken 
must be completed. 

• All metals samples preserved upon receipt must be held 24 hours before 
proceeding with analysis. These samples must be CAR generated and the client 
notified to see if the lab is to proceed with analysis. 
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e. In some instances it may not be possible to adjust the sample to the proper pH due to 
matrix problems which cause excessive foaming or require an unusually large amount 
of acid. Do not continue to add acid if a few mL's of acid does not lower the pH. 
Notify the Project Manager, Metals Manager and/or analyst. They will make the 
decision if the sample will be diluted, not analyzed, etc. A CAR must be completed in 
these situations. Make sure you note on the container and in the LIMS notes that the 
sample is not at the proper pH as well as any useful information (i.e., foaming, strong 
odor, etc.). 

A CAR may not be required for samples generated in the Aquatic Toxicology 
Laboratories and brought directly to Sample Receiving after they are collected but 
before they are preserved. Log-in personnel must preserve the samples accordingly 
before they are placed in storage. Complete traceability of the preservatives used is 
required (See section 11C, #3). A CAR outlining the project and the steps taken must 
be completed. 

5. Check to make sure samples are in proper containers and that there is adequate volume for 
all the parameters requested and no leakage. 

6. If VOA vials are present, each vial must be inverted and checked for head space. "Pea-
sized" bubbles (i.e. bubbles not exceeding 1/4 inch or 6 mm in diameter) are acceptable 
and should be noted, however, a CAR is not required. Large bubbles or head space is not 
acceptable and a CAR must be completed. If this occurs, the client must be contacted. 
The samples can be analyzed with their approval, however the report will be qualified and 
the data may be questionable. All VOA vials will be preserved with Na2S2O3 (0.2g) 
when chlorine is known to be, or suspected to be present. 

7. All pesticide samples to be analyzed by method 608 will be checked by the sample 
receiving personnel for the correct pH range of 5.0 to 9.0. The pH of the sample(s) will be 
communicated via E-mail to the Section Manager and appropriate analyst. 

8. All chlorinated effluent samples received for Cyanide must be checked for residual 
chlorine. The one liter sample container should initially contain 1 to 2g/L of Ascorbic 
Acid. Potassium Iodide starch indicator paper will be used for detecting the presence of 
residual chlorine. DO NOT PUT THE TEST PAPER DIRECTLY INTO THE SAMPLE 
CONTAINER. Pour up a small aliquot, neutralize, test and dispose of this volume after 
the sample is checked. If the test paper turns blue, the sample must be treated for residual 
chlorine. Add Ascorbic Acid, approximately 0.6g at a time and recheck the sample until 
there is no residual chlorine present. If the sample required this treatment this information 
must be included in the LINTS notes. This must be done by log-in personnel before leaving 
the receiving area. It may be necessary to notify the Inorganic Manager and/or analyst. 

9. Be aware of holding time requirements. (See section 1D) 
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D. Once sample containers have been numbered, they must be checked by another laboratory 
individual to ensure that the log number on the container matches the log number and sample 
ID on the Chain of Custody. A Sample Receiving Custody and Disposal Form [Attachment 
VII] must be completed each day. Samples should not leave the log-in area until this has 
been completed. [see LTC; it may be necessary to temporarily store samples in cold storage 
until the samples can be second checked, the amount of time that the samples are at room 
temperature must be minimized as much as possible.] The original is to remain in Sample 
Receiving until the samples are disposed of. Once the document is complete, the original will 
be kept on file. The following information must be logged onto this foint: 

1. Client and Log #s 

2. Date/Time Unpacked 

3. Logged In/Numbered By (Initials) 

4. 2nd Checked By (Initials) 

5. Date/Time Placed in Cold Storage 

6. Storage Area (Walk In, VOC Cooler, Quarantined Soils, Quarantined-VOC, Other) 

7. Disposed of By/Date 

8. Method of Disposal 

E. Notify the proper analyst if samples have been logged in for analyses which have a 24-
48 hour holding time or if a 1-2 day turnaround has been requested. The log number and 
description on sample (s) must be second checked before it is released to the analyst. (The 
analyst can second check the sample, but must initial the custody form.) 

. Sample Storage 

A. After samples have been correctly logged in they are then transferred to one of the following 
cold storage areas and arranged in numerical order by the assigned log in/LIMS sample 
number. Note that aqueous VOC samples must be segregated from all other samples. 

1. The Hobart refrigerator in the MS Lab: All aqueous VOC's must be stored in this 
refrigerator. Storage blanks consisting of organic free water from the laboratory may be 
required for specific projects. These will be analyzed for VOCs only. Storage blanks are 
required for all DOD projects. 

2. Walk In Refrigerator: All aqueous samples for all analyses must be stored in this 
refrigerator. 
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3. Soil Walk-In Refrigerator: All quarantined and non-quarantined soil samples for all 
analyses must be stored in this refrigerator. 

B. Quarantined soils are those quarantined by the US Department of Agriculture. These soil 
samples must be segregated from other soil samples during storage. A separate disposal log 
must be maintained for these soils including the location, date and quantity of the soil 
received and processed. Soil residues from quarantined samples must be treated according to 
regulations after testing (see Sample Disposal SOP). Quarantined soils are defined as: 

1. Soil taken from much of the southeastern US and parts of New York and Maryland at a 
depth of three feet or less. Soils from three feet or more are not regulated provided they 
are stored separately. A map of the regulated areas in the United States entitled Soil 
Movement Regulations [Attachment VIII] is posted in the log-in room. 

2. All soils taken from foreign sources, US. Territories and Hawaii. 

NOTE: All soils are treated as quarantined soils and are disposed of in accordance with USDA  
regulations. Above for information purposes only.  

C. All samples must be stored in one of the three refrigerators detailed above with the following 
exceptions: 

. Matrices that may be adversely affected by the cold temperature. (e.g. surfactant samples, 
multi-phase samples) 

2. Highly contaminated waste or product type samples that could jeopardize the integrity of 
other samples in the walk in cooler. Often these can be stored at room temperature. If 
these require refrigeration see the Project Manager for other options. 

D. The temperature of each sample refrigerator must be monitored and recorded each day by Wet 
Chem personnel by the following method. A Mercury thermometer or digital minimax 
thermometer with 1° increments must be used. Each thermometer must be calibrated against 
a NIST certified theimometer once a year (digital thermometers quarterly) and this 
information recorded in a bound notebook. The Certificate of Calibration for the NIST 
thermometer is kept on file at the QAO's desk. The thermometers must be tagged with a 
unique identification, the date calibrated and the correction factor. 

The tolerance range for all refrigerators is I to 6°C. This range and the range using the corrected 
reading must be posted on the outside of each cooler. if the temperature exceeds this range, 
corrective action measures must be put in place immediately. A CAR must be completed 
specifically noting the date and time the problem was discovered. The Project Manager, 
Laboratory Director and Technical Director will be notified in order to assess the situation. It 
may be necessary to put a service call in to the refrigeration repair service. 
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E. All personnel removing samples from any refrigerator must sign them in and out. This is 
done by completing the Sample Custody Form [Attachment IX] which is attached to the 
door of each refrigerator. These completed fauns are kept on file [see section III, #4F] 

F. The water walk in refrigerator in the sample room is the largest refrigerator and stores a 
large majority of the samples. A back up compressor is hooked into the system and 
scheduled to automatically come on if the main compressor fails. There is a digital min/max 
thermometer, which monitors the temperature 7 days a week. This thermometer will be 
calibrated quarterly against the MST theimometer. 

G. As stated above the temperatures for all refrigerators that samples are stored are checked 
each day Monday-Friday and monitored seven days a week with min/max thermometers. 
Pay close attention to these readings and watch for signs of possible problems. 

H. A temperature maintenance record book is kept for each refrigerator. 

I. Samples must be held for a minimum of 30 days after the final report unless specified 
otherwise. For USACE projects, samples must be held for a minimum of 60 days after the 
final report unless otherwise specified. See SOP ATSD 405 entitled Analytical Laboratory 
Waste Disposal SOP for guidance on disposal of samples. 

1V. Laboratory Information Management System (LIMS) 

A. Log the sample information into the LIMS for each sample. Every attempt should be made to 
get every sample logged into the LIMS by the end of the day. All information entered should 
be clearly stated and recorded on the COC provided. After opening the main menu of the 
LIMS, select the 'Work Orders' tab from the 'Sample Control' drop down menu. Now click 
on the 'Add' button to create a new Work Order. You will see the following: 

Client: 

Select the client I.D. by clicking on the pull-down and choosing from the client list. 
This list is in alphabetical order. If the desired client is not on the list, a new client 
must be created by the project manager or I.T. director. 

2. Projects: 

Click on 'Projects' and choose the project I.D. The projects will be client specific. 
After the project is chosen the "project infoiiiiation" areas should fill in. The 'Project 
Name,' Project Number,' TAT,"Client Project Manager,' Lab Project Manager,' 
and 'Comments' infolination should also appear. If there are no applicable project 
choices, a project must be created by the project manager or 1.T. director. There are 
two types of projects: 
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a. Internal -- Empirical Laboratories projects; 

b. External -- direct laboratory clients. 

3. Comments: 

This area is to be used to note any information from the project manager for all work 
orders of this project. It can also be used to list any work order specific notes; this 
includes but is not limited to infoiniation concerning rush turnaround, deliverables or 
other QC requirements, analyte concentrations, safety issues, quarantined soils, CAR 
#s, preservation or matrix problems, etc. 

4. Received By: 

Enter the name of the person who received the samples. 

5. Logged In By: 

Enter the name of the person who logged in the samples. 

6. Received: 

Enter the date and time received separated by a space and using military time. 
Example: 08/02/2008 08:30 

7. Project/Package Date Due: 

After the date and time received have been entered, the date due for both of these 
fields will be calculated. If this information is not correct or needs to be amended 
later, check with the project manager before doing so. 

8. Shipping Containers: 

Click on the 'Coolers' button and enter the temperature and condition upon receipt. If 
more than one cooler was received, each cooler must be assigned a different name. 
For example, if these came in by dedicated courier, enter the last four numbers of the 
Tracking Number as the name. After all of a cooler's information has been entered 
(received on ice, where custody seals present, preservation confirmed, COC/container 
labels agree, sample containers in-tact) click the 'Save' button. If more than one 
cooler was received, click the 'Add' button and repeat the process above, then click 
`Done' after all the coolers' info has been saved. 

9. COC Number: 
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If an identifiable COC number is listed, record that D here. 

10. Shipped By: 

Enter the courier used to deliver the samples. If the samples were picked up by a lab 
employee or dropped of by the client/representative, enter 'Hand-Delivered.' 

After these items have been completed, click 'Save,' then the 'Samples' button to continue. To 
begin entering information for a sample, click the 'Add' button on the bottom of the Samples 
screen. 

11. Sample Name: 

a. Only abbreviate if description is too long for the spaces allotted in the LIMS. This 
infolination should come directly from the chain of custody. The sample ID entered 
into the LIMS will be the sample ID on the final report. 

b. If no sample ID is provided, or is indistinguishable from other samples listed, contact 
the project manager to ascertain distinction in the samples. Include date as part of the 
description if this is the only way to differentiate the samples. 

c. When logging in trip blanks that do not have an ID assigned by the client, list them as 
"Trip Blank # 	". This infoimation should be on the containers. A log book 
must be kept in the sample kit room which lists all trip blanks and the date they were 
filled. This will ensure consistency with the descriptions for trip blanks. Make sure 
you record the trip blank on the chain of custody if it is not listed. 

12. Collection Date: 

Enter the date and time the sample was collected. You must use military time and 
separate by a space. Often the time collected is not given. Although this is a sampling 
requirement, this information may not be crucial unless a parameter with a short 
holding time or a data deliverables package is required. In the event that a sample 
collection time is not listed on the COC or the sample container, a default time of 
00:00 can be used temporarily until client verification. Once verified, then the correct 
sample collection time must be input into LIMS. If the COC and sample containers do 
not list a collection date and time, a CAR must be generated. All attempts should be 
made to get all our clients to supply this information. 

13. Lab/Report Matrix: 

Click on pull down and select matrix. Many times it is difficult to discern the matrix if 
it is not specified on the COC, and log-in personnel must use their best judgment with 
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regard to analytes/methods requested. Keep in mind that the detection limits and units 
on the LIMS reports are linked to the matrix. In some cases it may be necessary to ask 
the Section Managers about the matrix selection. Log-in may do a dilution test to 
distinguish water samples from oil samples if the COC does not clarify a sample 
matrix if need be. 

14. Sample Type: 

This is used to differentiate between special types of samples (i.e. Field Duplicates, 
Equipment Blanks, Trip Blanks, etc.). If there is no definite way to determine that a 
sample should be classified as something else, then "SAMP-Client Sample" will be 
selected as the sample type. Do not list a sample as anything other than a Client 
Sample unless noted on the COC of are instructed by the client to do so. 

15. Container: 

Click on the drop down list and select the appropriate bottle type. If multiple bottles 
are received for the same sample, then move down to the next line and select all other 
containers as required. Repeat this process until all containers for the sample are 
listed. As each container is entered, an individual number is assigned to it by the 
LIMS system. This number is also listed on the container labels that are printed from 
the LIMS, and is placed on the corresponding bottle for container tracking purposes. 

16. pH (Container Preservative): 

Use this to document the pH check infolination taken during sample unpacking. If no 
preservative was used, then nothing is required in this field. 

17. Comments: 

Enter any information that is applicable at the sample level. 

18. Field Analysis: 

Click on field analysis tab and enter field information when provided. 

19. Work Analyses: 

Select all parameters requested for the sample from this list. 

a. If the required test code is not listed, and the sample matrix is not a 
contributing factor, click the Work Analyses tab to open the All Analyses list. 
When selecting from this expanded list, be careful to select the proper method 
as all methods available for the current matrix will be selectable. 
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b. If any analyses are selected from the All Analyses list, the Project Manager in 
charge should be notified so that the correctness of methods and pricing can be 
checked and updated as needed. 

c. All preparation codes for analytes are entered and stored by the system 
independently of the test codes selected, except in the cases of Dry Weight 
analysis, and TCLP/SPLP preparation (tumbling). In the case of the 
TCLP/SPLP prep codes, these are entered alongside the other required 
analyses automatically by the LIMS when a TCLP/SPLP analyte is selected. 
As for Dry Weight, it is required for all solids testing except in the eases of 
TCLP/SPLP analysis, Explosives only analysis, and/or any pure product/non-
soil based sample when specified by the client. 

20. Analyses Comments: 

These comments should be used for any notes that only apply to that particular test 
code. 

21. RTAT:• 

If the Rush Turn-Around Time for this sample is known at the time of log-in, this 
infoimation should be updated here. 

22. Save: 

Once all applicable information is entered for a sample, click the save button. At this 
time the LIMS applies the Laboratory Sample ID to the sample. This is a four part ID 
code composed of the following: 

a. A 2-digit numeral of the year. Example (0811248-06) 

b. A 2-digit numeral of the month. Example (0811248-06) 

c. A 3-digit numeral of the work order number. This number reset to 001 at the 
beginning of each month. Example (0811248-06) 

d. A 2-digit numeral of the sample number separated by a dash. Example (0811248-
06). This number is different for each sample in a work order, and a single work 
order cannot contain more than 99 samples. If more sample numbers are needed, a 
new work order number will have to be assigned to the applicable set of sample. 

23. Add/Edit/Copy: 
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Use these selections to add more samples to the work order, or to change existing 
information prior to label printing. 

Once all the tests have been selected and all samples have been added in the work order, a work 
order summary and all container labels are printed. Labels are checked for accuracy against the 
containers while being labeled. At this point log-in of this group of samples is complete. 

B. After log-in of a work order is complete, the COC can then be scanned into the system, attached to 
the work order on the Work Order screen, and the work order can be updated to Available status 
so as to be seen by the analysts. 

V. 	Daily Follow Up for Sample Receiving/Log In 

A. Wipe out the inside of coolers and return all Empirical Laboratories coolers to the sample kit 
room. Discard any coolers that are cracked, broken or filthy. 

B. If any samples were received for RUSH turnaround, then a RUSH SHEET /Attachment XIII 
must be completed and distributed to all laboratory personnel via e-mail. If ever in doubt of 
which analysts should be notified, pass them out to everyone. Always give copies to the 
Laboratory Director, Administrative Assistant and Section Managers. It may be necessary to 
send out two RUSH sheets per day (one around mid-day and the other at the end of the day). 

C. Complete any required CARs. 

D. At the end of the day organize all paperwork received and generated for the day. The 
following should be given to the Project Manager (section supervisor): 

The original chains of custody and yellow original or copy of each. The CRF will 
accompany the COC for the project. 

2. Any information (letters, regulatory limits, etc.) from a client which was received with 
any samples. 

3. All CARs. 

4. LIMS sample receiving logs. 

5. Copies of any RUSH sheets which have been distributed 

6. Sample Receiving Custody and Disposal Form. 
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7. Cooler receipt form. 

E. All the above information from the day will be reviewed as soon as possible. 

1. All LIMS logs must be 2nd checked by a different person than the person entering the 
information into the LIMS. Each set of logs must be initialed dated by the person 2nd 
checking. These will be kept on file at the Project Manager desk. 

2. If any corrections or changes are required, all laboratory personnel will be notified by 
distributing a Sample Log Change Form [Attachment XIII] through email distribution. 
A Sample Log Change Form by the project manager will also be sent out if a client adds 
or deletes any parameters, changes sample IDs, etc. 

F. The Testing Coordinator will distribute the following after they have been through the 2nd 
QA check: 

Copies of the LIMS receiving reports to necessary laboratory personnel. 

2. Original (white copy) chains of custody are given to the Project Manager. These will be 
sent with the final report to the client. 

3. Finalized/approved CARs must be sent to the: 

a. Organic Manager 

b. Inorganic Manager 

c. Laboratory Manager 

d. Laboratory Director {optional) 

e. Quality Assurance Officer 

f. Administrative Assistant 

g. Client {optional) 

	

4. 	Copies of any project/sample specific information to the Section Manager and analysts. 

G. Information will be filed as follows: 

	

1. 	Chains of custody: 
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a. Original (white copy) is returned to the customer with the final report along with the 
CRF. 

b. Pink copies should be retained by the sampler. 

2. CARs 

a. CARs can be found at V:1LABllog-inlogin (year)llogcar (year). 

3. Sample Change Forms and RUSH Sheets 

a. Sample Change Foams are distributed by email. 

b. RUSH Sheets are found at VALABllogin\Rushsheets 

4. At the end of each year, files for that year are boxed and archived. Make sure files are 
labeled properly and place them in banker's boxes. Complete a storage box file form 
with as much detailed information as possible. The Laboratory Administrative Assistant 
will label and number the boxes and incorporate the storage boxes into the laboratory 
file archive system. Boxes containing files from Sample Receiving are kept on site for 
1-2 years and then may be moved to off site storage upon release from the Project 
Manager. 

VI. Miscellaneous 

A. All projects which require deliverables or other QC requirements should be listed in the notes 
section of the LIMS. 

B. if samples are received from a new client or a new job number that is not in the LIMS, a new 
client code must be set up. This information should be on the chain of custody or it may be 
necessary to contact the customer if the information is incomplete. 

C. Samples from the Aquatic Toxicity Laboratory (ATL) are logged into the LIMS for billing 
and long-term tracking purposes. The receiving information and proper assignment of tests 
are reviewed by the ATL Manager. The samples are then logged in by ATL personnel. 

D. A flow chart outlining sample receiving and the flow of data, reporting and invoicing is 
attached as Attachment XIV. 

E. A Telephone Conversation Log (Attachment XVI may be required to document information 
and may be attached to or used as a CAR. 
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F. All log books used in the Sample Receiving and Sample Storage Areas are numbered. The 
following log books are presently maintained. All log books must be "Z"ed out. The Testing 
Coordinator will review the log books each week to check for completeness. 

Log Book ID 	Log Book Description 

L1014 	 Trip Blank Prep Log Book 
L1009 	 Tracking of VOC Trip Blanks Shipped 
L1011 	 Quarantined Soil Treatment Log Book 
LI012 	 Acid Neutralization Log Book 
L1013 	 Sample Receiving and Disposal Log Book 
L1010 	 Kit Room Preservation Preparation Log Book 
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Attachments to SOP 404 

II 	 Chain of Custody Record 

III 	Corrective Action Report for Sample Receiving/Log In 

IV 	Cooler Receipt Form 

V 	 List of Short Holding Time (Immediate-72 hrs.) Parameters 

VII 	Sample Receiving Custody and Disposal Form 

VIII 	Map of Quarantined Soil Areas in the US. 

IX 	Laboratory Sample Custody Form for Walk In Refrigerator 

X 	 Container Codes for the LIMS 

XI 	Routine NPDES Clients 

XII 	RUSH Sheet 

XIII 	Sample Log Change Form (Green Sheet) 

X1V 	Flow Chart, Laboratory Sample Tracking System 

[Attachments I and VI were removed during the editing process and not added to the SOP] 
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EMPIRICAL LABORATORIES, LLC - CHAIN OF CUSTODY RECORD 
SHIP TO: 227 French Landing Drive, Suite 550 • Nashville, TN 37228 • 615-345-1115 • (fax) 615-846-5426 

Send Results to: Send Invoice to: Anal sis Requirements: Lab Use Only: 

Name Name 

Airbill #:  

VOA Headspace 
Field Filtered 
Correct Containers 
Discrepancies 
Cust. Seals Intact 
Containers Intact 

Y 
Y 
Y 
V 
Y 
Y 

N 
N 
N 
N 
N 
N 

NA 
NA 
NA 
NA 
NA 
NA 

Company Company 
Address Address 
City City _ 
State, Zip State, Zip 
Phone Phone 
Fax Fax 
E-mail E-mail 

CAR #: Project No./Name: Sampler's (Signature): 

Lab Use Only 
Lab # 

Date/Time 
Sampled Sample Description 

Sample 
Matrix 

Comments 
No. 
of 

Bottles 

Lab Use Only 
Containers/Pres. 

Sample Kit Prep'd by: (Signature) Date/Time Received By: (Signature) REMARKS: Details: 

Page 	of 
Relinquished by: (Signature) Datefrime Received By: (Signature) 

Cooler No. 	of 

Date Shipped Relinquished by: (Signature) Date/Time Received By: (Signature) 

Shipped By 

Turnaround 
Received for Laboratory by: (Signature) Date/Time Temperature 

Distribution Original and yellow copies accompany sample shipment to laboratory; Pink retained by samplers. 



Attachment III 
CAR 09- 

EMPIRICAL LABORATORIES 

CORRECTIVE ACTION REPORT FOR SAMPLE RECEIVING/LOG-IN 

Date Completed: 

Form Completed By: 

Date Samples Received: 

Parameter(s): 

Client/Job /4: 

Samples: 

Problem(s): 

Action Taken: 

Action Taken to Prevent Reoccurrence of this Problem: 

Approval of Section Leader: 

Distributed to: 



EMPIRICAL LABORATORIES 
COOLER RECEIPT FORM 

LIMS Number: 	Number of Coolers: 	of 	  

Client: 	  Project: 	  

Date/Time Received: 	 Date cooler(s) opened: 

Opened By (print): 	 (signature): 	  

Circle response below as appropriate 

1. How did the samples arrive?: 	FedEx 	UPS 	 DHL 	 Hand Delivered 

EL Courier 	Other: 

If applicable, enter airbill number here: 	  

2. Were custody seals on outside of cooler(s)? 	 Yes 	No 

How many: 	 Seal date: 	 Seal Initials: 	  

3. Were custody seals unbroken and intact at the date and time of arrival?   Yes 	No 	N/A 

4. Were custody papers sealed in a plastic bag included in the sample cooler? ..... 	Yes 	No 	N/A 

5. Were custody papers filled out properly (ink, signed, etc.)'  	Yes 	No 	N/A 

6. Did you sign custody papers in the appropriate place for acceptance?    Yes 	No 	N/A 

7. Was project identifiable from custody papers? 	  Yes 	No 	N/A 

8. If required, was enough ice present in the cooler(s)? 	  Yes 	No 	N/A 

Type of Coolant: 	WET 	DRY 	BLUE 	NONE 	Temperature of Samples upon Receipt: 

Dates samples were logged-in: 

9. Initial this form to acknowledge login of sample(s): (Name): 	WILLIAM SCHWAB (Initial): 

10. Were all bottle lids intact and sealed tightly? 	  Yes No N/A 

11. Did all bottles arrive unbroken? 	  Yes No N/A 

12. Was all required bottle label information complete? 	  Yes No N/A 

13. Did all bottle labels agree with custody papers? 	  Yes No N/A 

14. Were correct containers used for the analyses indicated? 	  Yes No N/A 

15. Were preservative levels correct in all applicable sample containers? 	 Yes No N/A 

16. Was residual chlorine present in any applicable sample containers? 	  Yes No N/A 

17. Was sufficient amount of sample sent for the analyses required? 	  Yes No N/A 

18. Was headspace present in any included VOA vials? 	  Yes No N/A 

If Non-Conformance issues were present, list by sample ID: 	  

CAR#: 



• 
ATTACHMENT V 

Short Holding Time Parameters 

(Immediate-72 hours) 

Parameter Holding Time 

pH Immediate a 
Sulfite Immediate a 
Temperature Immediate a 
Residual Chlorine Immediate a 

Coliform. (Fecal and Total) 
RCRA/WW 

6 hours 

Hexavalent Chromium (Cr +6) 24 hours 
Odor 24 hours 
Coliform (Fecal and Total) 
Drinking Water only 

30 hours 

BOD 48 hours 
Color 48 hours 
Settleable Solids 48 hours 

MBAS 48 hours 
Orthophosphate 48 hours 

Turbidity 48 hours 
Nitrite 48 hours 

Flashpoint 72 hours b 

a Immediate generally means within 15 minutes of sample collection• 

b This is an internal holding time: The method does not specify a 
holding time. 
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Empirical Laboratories, LLC 

SAMPLE RECEIVING CUSTODY AND DISPOSAL FORM 

Date Samples Received 

Client Log #'s Date 
Unpacked 

Logged In/ 
Numbered 

By 

2nd 
Checked 

By 

Placed in 
Storage By 

Date 
Placed in 
Storage 

Storage 
Area CO 

Disposed of 
By/Date 

Method of 
Disposal 

,..... 

I ) IV-Walk in Refrigerator 
I-IV= Hobart Refrigerator, VOC samples only 
Q- Refrigerator for Quarantined Soil Samples 
QV= Refrigerator for Quarantined Soil, VOC samples only 
0—Other (\lust Specify) 

MUST HAVE INITIALS OF THE PERSON WHO SECOND CHECKED AND MUST BE FILLED IN BY THAT PERSON IN INK . 

1_•drOG-lNQC -R1 C2 DOC 40  Revise,, , 2/31;03 • 



• 
oil Movement Regulations 

by US 00 • ofN  hvrica*ke) 

mdllione of Movement 

strIctions are Imposed on the move-
mt of regulated articles from a regulated 
?a as follows: 
Dm red areas Into or through white 
gas. Movement within red areas may be 
gulated. 

Consult your Slate or Federal plant protec-
tion inspector or your county agent for 
assistance regarding exact areas under 
regulation and requirements for moving 
regulated articles. negulaled Area 



Sample Log # (s) Time/Date/Initials Time/Date/Initials Notes/ Task 
Removed Returned (Note if all Comments Performed 

Sample Used) 

Empirical Laboratories 
EMPIRICAL LABORATORIES, LLC 

LABORATORY SAMPLE CUSTODY FORM 
WALK-IN REFRIGERATOR 



Preservatives Types of Container 
NI HNO3 A 1 LITER - PLASTIC 
NF HNO3 (Filtered) B 500 mL - PLASTIC 
SU H2SO4 C 250 mL - PLASTIC 
SH NaOH D 120 mL - PLASTIC 
ZN ZnAC / NaOH EN ENCORE PAK 
HY HCl F 1 LITER - GLASS CLEAR WIDE MOUTH 

G 1 LITER - GLASS CLEAR BOSTON ROUND 
H 1 LITER - GLASS AMBER 

250 ml. - AMBER 
J VOA VIALS - (40 ml.) 
K 500 ml. - (16 oz) 
L 250 ml. - (8 oz) 
M 125 ml. - (4 oz) 
N 60 ml. - (2 oz) 
0 OTHER 
P PLASTIC BAG -1 Gallon 



ATTACIKEST XI 

• 

ROUTINE NPDES CLIENTS (Page 1 of 2) 

,LOAN Ingot and Recycling 
mom Oil 
►rmstrong (Pirelli) 
:lf Atochem-Carrollton, KY 
Luburn Hosiery Mill 
►utostyle 	• 

Lando Manufacturing 
lowers Ink 
fowling Green Municipalities (City of) 
IP Oil 
Ireinner, Inc. 
h-entwood, City of 
frown Printing Central 

Jargill Steel and Wire 
7,Iarksville Products 

107 T . Dupont 
ir and Olsen 

onhart Pop Rivets 

Fleet Design 
Franklin, City of 

3atlinburg 

Hennessey Co. (Coats) 
H.I.S. Laundry 
H.K. Bell (City of Hopkirisville Landfill Monthly Monitoring) 
Hoover 

Enternational Paper 
J. S. Technos 

Ken Koat 
King Industries 

S 
..,annora Tannery 
Leonard Plating 
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Al Plate, Inc. 
4orflex, Inc. 

Zashville Wire 
Zorandal USA Inc. 

)ak Ridge, City of 

nymouth Tube 
'rime Colorants 

3hare-ci Hospital Services 
Snap On Tools 
3pringfield, City of 
3necial Metals 

le Industries 

ennessee Dickel Distillery 
Tullahoma, City of 

UCAR, Clarksville 

Valmore Leather 

Westvaco (Mayfield Creek Up/Down) 
Woodbury 
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ATTACIIMM XIII 

• 96-0001 

SAMPLE LOG CHANGE FORM 

DATE: 

TO: 

SAMPLE #(S): 

CUNT: 

Changes: 

• 

I 



• 
ATTACHMENT XIV 

LABORATORY SAMPLE TRACKING SYSTEM 
SAMPLE RECEIVING 

LAB WORK 
ORDER RECEIVED 

SAMPLE KITS 
PREPARED IF REQUIRED 

SAMPLES RECEIVED 

CHAIN IS 	NO CONTACT 
APPROPRIATE 
INDIVIDUALS) 

INFORMATION 
OF CUSTODY REVIEWED. 

COMPLETE & 
ACCURATE? 

YES 

SAMPLES PLACED.IN 
LABORATORY COLD 

STORAGE SAMPLES LOGGED INTO 
LIMS FOR TRACKING AND 

BILLING 

    

    

    

QA CHECK BY SUPERVISOR 

INFORMATION CORRECT? 

NO 

YES 

LiO.NASAMPTRAKAF2 



ATTACHMENT XIV (Continued) 

LABORATORY SAMPLE TRACKING SYSTEM 

SAMPLE RECEIVING (continued) 

LIMS LOG REPORTS AND MEMOS NOTING 
SPECIAL REQUESTS DISTRIBUTED TO 

LABORATORY AND PROJECT PERSONNEL 

INFORMATION FILED IN SAMPLE 
RECEIVING AREA 

• Chain of Custody 
• Work Order 
• LIMS log reports 
• Pertinent memos 

COPIES TO 
SUPERVISOR FOR 
SEPARATE FILING 



• ATLACIREENT XIV (Continued) 

LABORATORY SAMPLE TRACKING SYSTEM 
DATA PRODUCTION AND REVIEW 

LABORATORY COLD 
STORAGE AREA 

GC/MS 
SECTION 

GC 
SECTION 

CONVENTIONAL 
CHEMISTRY 

SECTION 

METALS 
SECTION 

DATA PRODUCTION BY 
ANALYST 

DATA REDUCTION AND 
QA/QC REVIEWED BY A 
QUALIFIED CHEMIST 

DATA PRODUCTION 
REVIEWED BY SECTION 

MANAGER 

DRAFT REPORT 
GENERATED AND/OR 

REVIEWED BY SECTION 
MANAGER 

LAQAM3AMPTRAKAF2 



FINAL REPORT 
MAILED TO CLIENT 

FINAL REPORT ARCHIVED 
• Hard Copy Filed 

• Data File on Magnetic Media 

ATIACRIENT 'rIV (Continued) 

• LABORATORY SAMPLE TRACKING SYSTEM 
DRAFT AND FINAL REPORT 

DRAFT REPORTS SUBMITTED TO 
ADMINISTRATIVE ASSISTANT BY 

SECTION MANAGERS 

    

    

      

      

DRAFT REPORTS GENERATED BY 
LIMS/ADMINISTRATIVE ASSISTANT 

    

    

    

      

      

DRAFT REPORTS REVIEWED 
BY SECTION MANAGERS 

REPORTS CORRECT? 

 

NO 

  

    

YES 

FINAL REPORT 
GENERATED 

FINAL REPORT REVIEWED 
AND APPROVED BY EITHER: 

• Division Director 
• Section Manager 

• Technical Director 
• Quality Assurance Manager 

NO 

FINAL REPORT 
ACCEPTABLE? 

YES 

L1QANSAMPTRAK.AF2 



DRAFT INVOICES 
GENERATED 

DRAFT INVOICES 
REVIEWED BY TESTING 
COORDINATOR BILLING 

CORRECT? 

YES 

FINAL INVOICES GENERATED 

FINAL REVIEW 
BY DIVISION DIRECTOR 

INVOICES CORRECT? 

NO 

NO 

INVOICES MAILED 
TO CLIENT 

INVOICE COPY 
ARCHIVED 

• Laboratory 
• Accounting 

ATTACHMENT YIV (Continued) 

• LABORATORY SAMPLE TRACKING SYSTEM 
INVOICING 

• 

YES 

FINAL INVOICES 
SENT TO 

ACCOUNTING 

LAQAMISAMPTRAKAF2 
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Analytical Laboratory Waste Disposal 
Standard Operating Procedure 

I. 	SCOPE AND APPLICATION: 

Empirical Laboratories, LLC laboratory waste includes excess client sample waste 
and waste that are generated while performing an array of analytical services, some 
of which are hazardous. These wastes must be disposed of in a manner that is safe, 
cost efficient and in accordance with hazardous waste regulations. 

A. Wastes can be broken down into the following categories: 

1. Unused portions of actual samples received from outside clients. 

a. Unused aliquots of completed water samples. 

b. Unused aliquots of completed non-aqueous samples. 

2. Soils from quarantined areas 

3. All other soils, sediments, building debris, wipes etc. 

4. Hazardous waste generated within the laboratory as part of numerous analytical 
procedures. 

II. SUMMARY OF PROCEDURES: 

A. There are four options for disposing of unused sample portions: 

1. Return completed samples and any generated waste from these samples to the 
client. 

2. Throw the sample away after confirming that it is non-hazardous. 

3. Disposal through a waste vendor in either a sealed drum or lab pack. This is 
normally done twice a year. 

4. Treat the sample to make it non-hazardous and dispose of it as such. {Aqueous 
pH neutralization only.) 
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B. There are two options for disposing of laboratory generated waste: 

1. Disposal through a waste vendor in either a sealed drum or lab pack. This is 
normally done twice a year. The waste must be stored properly until the waste is 
transported off site. 

For example: Solvent waste must be stored in the vented flammable cabinet. 

2. Treat the waste to make it non-hazardous and dispose of it as such. (Aqueous pH 
neutralization only.) 

III. EQUIPMENT/APPARATUS: 

A. Proper safety equipment in good working condition. This includes 
gloves, lab coat and safety glasses/goggles (voluntary use of cartridge 
respirator allowed see area manager or QAO). 

B. USDOT approved drums for storing and shipping hazardous waste. 

C. Fume hood vented outside the building. 

D. Flammable storage cabinet which is vented to the outside 

IV. PROCEDURE 

Waste disposal is done under the management and coordination of the Sample 
Receiving Manager, Section Managers and the Health and Safety Officer. 

A. Disposal of completed aqueous samples: 

Completed samples are kept in cold storage for approximately three weeks after the 
final report has been mailed. Engineering support projects involving CLP work, 
litigation cases etc. may be saved for longer than three weeks at the request of the 
project manager. 

No samples should be disposed of without approval from the responsible area 
manager or analyst. At this point the area manager and/or analyst will 
communicate information about samples deemed as hazardous. 
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1. The majority of the water samples (ground, surface and drinking) is non-
hazardous and is disposed of by pouring them down the sink. 

a. This must be done under the hooded area located near the sink in sample 
receiving. Make sure that the sash is closed far enough to produce sufficient 
ventilation. The tap water should be turned on to supply copious wash for sample 
disposal. 

b. Proper safety equipment must be used including safety glasses (face shield if 
necessary), lab coat and gloves. 

c. be alert to potential problems: for example, separate Cyanide waste from 
acid waste. Neutralize acid waste that will be poured down the drain and 
don't mix waste/samples thought to contain Cyanide with samples that are 
acidified. Also, look for things such as phase separation, odd color, odor etc. 
Check with the area manager or Health and Safety Officer before disposing 
of any questionable samples. 

d. Tap water must be running during the time samples are poured out and for 
approximately 10 minutes after so sufficient flushing and dilution takes place. 

e. All containers must be rinsed out, all identifying markings defaced or removed, 
and thrown into the trash. 

f. All samples disposed of in this manner must be documented in the bound disposal 
log. 

2. If water samples are hazardous (known or suspected), one of the following steps 
must be taken. 

a. Samples may be returned to the client. If you plan to ship the unused portion back 
to the client check with shipping and receiving to make sure that the material can be 
shipped in accordance with USDOT regulations. If the samples are not returned 
to the client they must be stored properly until picked up by a waste 
vender. 

b. Treat the sample to make it non-hazardous. One example of this is if the sample 
is highly corrosive, the pH may be adjusted. 

c. Store the sample properly until either a sealed drum or lab pack is sent out. 
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d. All samples disposed of in this manner must be documented in the bound disposal 
log. 

B. Disposal of completed non-aqueous samples: 

The majority of non-aqueous samples are soils or sediments, although there may also 
be building debris, wipes, oils, and occasionally product type samples. 

I. If samples are non-hazardous they must have all identifying markings defaced or 
removed, and thrown into the trash. On specific projects we may also opt to return 
the unused portions to the client even if they are non-hazardous. 

2. If non-aqueous samples are hazardous (known or suspected), one of the following 
steps must be taken. 

a. Samples may be returned to the client. If you plan to ship the unused portion 
back to the client check with shipping and receiving to make sure that the material 
can be shipped in accordance with USDOT regulations. If the samples are not 
returned to the client they must be stored properly until picked up by a 
waste vender. 

b. Store the sample properly until a lab pack is sent out. 

3. Soil samples taken at a depth of three feet or less from areas, which have been 
quarantined by the US Department of Agriculture (USDA), must first be treated at 
the laboratory to prevent the spread of any plant pests. The USDA has detailed 
proper treatment procedures of which we use the following: 

a. The sample is heated to 180°C(356°F)in a vented oven for two hours. 
b. After the heating the samples are placed close to a hood to cool and are marked as 
being ready for disposal. 

4. Once the samples have undergone treatment they can then be disposed of by one 
of the procedures for non-aqueous samples. All samples disposed of in this 
manner must be documented in the bound disposal logbook with the 
following information: 

a. Client 
b. Sample #s 
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c. Date(s) treated 
d. Treatment method used 

C. Disposal of laboratory generated waste: 

Generated waste is stored outside the building, inside the caged fence until a waste 
pick up occurs. This area must be maintained properly. 

1. Waste handling and disposal within each laboratory section: 

Each laboratory analyst and section manager is responsible to assure that handling 
operations within their area are being followed according to the laboratory 
requirement. 

a. General Chemistry/Inorganic 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the inorganic manager or the safety officer. 

• Concentrated acid waste, (>2% by volume) and dilute mercury waste (mercury, 
chemical oxygen demand, total kjeldahl nitrogen and chloride analyses waste) are 
poured into the Acid Satellite Waste drum located outside the back of the building 
inside the caged fence. Document the type and amount of waste in the acid 
waste logbook, then initial and date the entry. 
• Dilute acid waste (<2% by volume or less) are neutralized using concentrated 
amounts of sodium hydroxide and poured down a sink drain within hooded 
ventilation with copious amounts of tap water. The amounts of acid waste treated 
along with the amount of sodium hydroxide used to neutralize the acid waste, is then 
recorded into an acid waste neutralization log book that is kept in sample receiving. 
• All other non-hazardous sample waste, reagents and standards are 
poured down the drain with copious amounts of tap water. 

b. Metals 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 

IT:\LAB\QAQC\SOP\SOP-4051TEV S. doc 



SOP 405 
Revision: 5 
Date: 06/23/09 
Page 7 of 10 

below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the inorganic manager or the safety officer. 

• Concentrated acid waste, aqueous sample waste digestates and old unused 
calibration standards (>2% by volume) are poured into the Acid Satellite Waste 
drum located outside the back of the building inside the caged fence. 
• Non-aqueous sample digestate wastes are decanted off the soil/solid samples into 
the Acid Satellite Waste drum located outside the back of the building inside the 
caged fence. Rinse the soil/solid with tap water several times and discard the 
first rinsate into the Acid Satellite Waste drum and the sequential rinsates 
decant down an acid drain with copious amounts of tap-water. 
• Throw the soil/solids in the trash once the acid has been rinsed free. 
• Cr6 digestates as with all concentrated metal/acid waste are poured into 
the Acid Satellite Waste drum. 

c. Organic Extraction Laboratory Area 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the organic manager or the safety officer. 

• Concentrated acid waste is discarded into the Acid Satellite Waste located outside 
the back of the building inside the caged fence. 
• Non-chlorinated solvent waste (Acetone, Ether, Hexane, and Methanol ....etc...) 
pour into the Non-Chlorinated Waste labeled bottle located in the hood in the 
Organic Extraction Laboratory. 
• Chlorinated solvent waste (Methylene Chloride, Chloroform, chlorinated standard 
and spike waste) pour into the Chlorinated Waste labeled bottle located in the hood 
in the Organic Extraction Laboratory. 

**Note: Laboratory generated solvent waste is transferred to the 
appropriate Satellite Solvent Waste Drum (chlorinated or non-chlorinated) 
weekly or as deemed necessary. Disposal of solvent waste is done under the 
direction of the organic laboratory manager. These drums are located 
outside the back of the building inside the caged fence and only authorized 
laboratory staff are allowed to add waste solvent to these drums. The date 
of addition to the drum, type and quantity of solvent is entered into the 
`Organic Solvent Waste Logbook' located on the shelf next to the drums. 
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• Aqueous sample waste from extracted samples (once the extraction 
solvent has been removed) is poured down the drain and flush with copious 
amount of tap water. 
• Non-aqueous sample waste and sodium sulfate waste is dumped into a waste 
container under an extraction laboratory hood and left overnight or until the solvent 
is evaporated and then the waste is discarded into the trash. 

d. Gas Chromatography (GC)/High Performance Liquid Chromatography (HPLC) 
Laboratory 

• Autosampler vials are discarded into the appropriately labeled box located in the 
GC/HPLC Laboratory. 

PCB Box — all samples/standards 
Pesticide Box — all samples/standards 
Herbicide Box — all samples/standards 
8330 Box — all samples/standards 
Methylene Chloride Box- all samples/standards that contain methylene chloride 
(Diesel Range Organics, DRO) 

• Sample and spike extract vials are separated according to the contents in the vial. 
Acid cleaned extracts are combined into a reparatory funnel and the acid layer 
separated from the solvent. The acid portion is discarded into the Acid Satellite 
Waste drum located outside the back of the building inside the caged fence. The 
solvent waste is discarded into the appropriate solvent waste bottle (chlorinated/non-
chlorinated waste) located in the hood in the organic extraction laboratory. 

Unused stock and working standards are discarded into the chlorinated solvent 
waste bottle located in the organic extraction laboratory. The empty vials are rinsed 
several (3) times with solvent and the solvent rinsate poured into the solvent waste 
and the vials with labels removed are discarded into the glassware waste container. 

e. Gas Chromatography/Mass Spectrometry 

• Volatile sample, standard and reagent waste 
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Waste from the instrument - Aqueous sample waste is collected in waste bottles 
via waste lines from the instrument. The bottles are emptied into buckets and 
poured down the drain(pH is < 2% by volume). A small amount of methanol used to 
clean glassware is also dumped into the bucket and poured down the drain. While 
disposing of sample waste always run the cold tap water 10-15 minutes. Non-
aqueous waste from sample analyses is retained and dispose of in the same manner 
as the unused sample. Unused sample is held for sample disposal by the sample 
receiving area, see A and B listed above. 

Standards - Unused stock and working standards are discarded into the 
chlorinated solvent waste bottle located in the organic extraction laboratory. The 
empty vials are rinsed several (3) times with solvent and the solvent rinsate poured 
into the solvent waste and the vials with labels removed are discarded into the 
glassware waste container. 

In conjunction with section managers, the sample receiving area disposes of solid 
sample waste and unused aqueous and solid samples see procedures A and B listed 
above. 

• Semivolatile sample and standard waste disposal 

Methylene chloride waste solvent and standard waste in vials are poured into the 
chlorinated waste bottle in the hood in the organic extraction laboratory. The empty 
vials are rinsed with solvent and the solvent poured into the waste solvent bottle. 
The vials with labels removed are discarded into the glassware waste disposal 
container. 

Auto sampler vials are collected in buckets and stored under the hood in the organic 
extraction laboratory. Periodically the vials are consolidated in lab packs for 
disposal by a licensed waste disposal company. 

f. 	Bioassay Laboratory 

• Aqueous sample waste and a small amount of methanol are poured down the 
drain with copious amounts of tap water. Larger amounts of methanol used for 
glassware cleaning are collected in beakers and evaporated at room temperature. 

• Hazardous or product samples are returned to the client. 
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D. Consolidation of satellite waste for contractor disposal: 

In conjunction with the Safety Officer, the sample receiving supervisor is responsible 
to coordinate waste disposal operations with outside waste disposal contractors. 

1. Solvent waste from the areas discussed above is periodically consolidated into two 
drums located outside the back of the building inside the caged fence (c. Organic 
Extraction Laboratory Area, * Note). A drum designated either chlorinated or non-
chlorinated solvent waste is available to receive the appropriate solvent waste. When 
the drums become full (fluid surface six inches below the top of the drum), an 
authorized hazardous waste contractor will be scheduled to remove them to proper 
waste disposal. 

2. The Acid Satellite Waste drum is also disposed through the authorized hazardous 
waste contractor once the drum is full to the level of six inches below the top of the 
drum. 

3. Consolidated autosampler and standard vials are periodically Lab-Packed in 
drums and disposed through the authorized hazardous waste contractor. 

4. The Laboratory Health and Safety Officer will administer the Waste Disposal 
Program and maintain current information to track quantities of waste generated 
and stored on-site. 

It is the continuous objective of our laboratory to find ways to decrease the 
amount of waste generated. 
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STANDARD OPERATING PROCEDURE (SOP) FOR 
LABORATORY SAMPLE STORAGE, SECURE AREAS 

AND SAMPLE CUSTODY 

Empirical Laboratories, LLC is located at 621 Mainstream Dr. suite 270 Nashville, 
TN 37228 on the first floor. This building is locked and monitored by an alaiin 
system after normal business hours. No unauthorized personnel are permitted within 
the facility without a proper escort and a visitor's badge. During non business hours, 
all doors to the building are locked and secured by an alarm system. All front and 
back doors are locked and only Empirical Laboratories, LLC personnel have a key to 
access the building. Upon unlocking the door and entering into the laboratory, then 
the employee is to deactivate the alaiin system using the assigned 4 digit alarm code 
assigned to them by Human Resources. Each employee is assigned their own 
designated alarm code, with no code being assigned twice. There is a buzzer at the 
door to Login to allow entry for sample and supply deliveries. 

The majority of samples are shipped in coolers by couriers such as Federal Express 
and UPS. All couriers are generally received in the Shipping/Sample Receiving (SR) 
area in back of the building. The laboratory is located close to Federal Express 
(FedEx) distribution station; therefore we pick up our coolers at the FedEx location 
daily and transport them directly to the laboratory. Some coolers and/or samples are 
delivered directly to the SR area by the sampler and/or client. The SR personnel must 
not leave any packages/cooler without authorized receipt from laboratory personnel. 
Samples must be accompanied by some type of chain of custody record. Sample 
receiving personnel sign, and list the date and time received on the chain of custody. 
The time received must reflect the actual time or validation date and time of receipt 
for the samples although they may be placed in cold storage and logged into the 
system at a later time. The method of delivery is listed on the cooler receipt 
form(CRF). The tracking # (if available) is attached to the chain of custody. 

Once sample containers have been assigned a laboratory ID number, they must be 
checked by another laboratory individual to ensure that the log number on the 
container matches the log number and sample ID on the Chain of Custody. A Cooler 
Receipt Form also must be completed to accompany the cohesive Chain of Custody. 
Samples should not leave the log-in area until this has been completed. Log-in is also 
responsible for maintaining a Sample Receiving Custody and Disposal Form for 
samples received. This faun is to be filled out before the actual disposing of any 
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sample in house. Once the document is complete, the original will be kept on file. 
The following information must be logged onto this form: 

• Client and Log #s 
• Date/Time Unpacked 
• Logged In/Numbered By (Initials) 
• 2nd  Checked By (Initials) 
• Date/Time Placed in Cold Storage 
• Storage Area (Walk In, Blue Air-VOCs, Quarantined Soils, Quarantined-

VOC, Other) 
• Disposed of By/Date 
• Method of Disposal 

Original samples are stored in following areas of the laboratory. 

Hobart Refrigerator in the VOC lab: All water VOCs must be stored in this 
refrigerator. 

2. Water Walk In Refrigerator: All waters for all analyses except VOCs must 
be stored in this refrigerator. 

3. Soil Walk in Refrigerator for all soils. 

4. VOC Dry Storage Rack: All water VOCs that have exceeded double holding 
time can be stored on this rack. These samples are stored here segregated alone to 
ensure no cross contamination occurs between VOC samples and other non-VOC 
aqueous samples. 

All soils are treated as quarantined. 

All samples must be stored in one of the four locations detailed above with the 
following exceptions: 

1. Matrices that may be adversely affected by the cold temperature. (e.g. 
surfactant samples, multi-phase samples) 
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2. Highly contaminated waste or product type samples which could jeopardize 
the integrity of other samples in the walk in cooler. Often these can be stored 
at room temperature. If these require refrigeration see the Testing Coordinator 
for other options. 

Any person removing samples from the storage areas listed above, must sign them out 
on a laboratory custody sheet (attached). The individual performing the processing 
becomes responsible for the samples at this point. The samples are maintained in the 
secure possession of the individual processing the samples. When the processing is 
completed, the samples are returned and signed back into the appropriate storage area. 
It must be noted if the entire sample volume was used and that the container was 
discarded. 

Sample extracts and digestates are stored in the following areas: 

1. All metals digestates are stored in the metals instrument laboratory. The 
transfer from the digestion analysts to the ICAP analysts is documented in the 
metals digestion log book. 

2. Non - ZHE TCLP extracts are returned to the refrigerator in which the original 
samples are stored. For ZHE samples, the extract is returned to the 
refrigerator in which the original VOC sample containers are stored. 

3. Extracts from medium level VOC analyses are also stored in the Soil Walk —
in or VOC sample freezer in the VOC Lab. 

4. All Organic extracts are stored in a Beverage Air side by side refrigerator in 
the organic extraction laboratory. 

The generation of all sample extracts/digests and their movement through the 
laboratory will also be tracked on a laboratory custody sheet or in a log book. The 
individual performing the processing becomes responsible for the samples at this 
point. The samples are maintained in the secure possession of the individual 
processing the samples. When the processing is completed, the extracts are returned 
and signed back into the appropriate storage area. The metals digestates are not 
removed from the metals instrument laboratory. 
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After the analytical results have been reported, the original samples, sample extracts, 
and digestates will remain in secure storage until they are disposed of in accordance 
with the Waste Disposal Standard Operating Procedure. Samples will be held for a 
minimum of 30 days after the final report unless specified otherwise. Sample extracts 
and digestates are held for a minimum of 60 days after the final report unless project 
specific requirements state otherwise. See SOP No. 405 entitled Laboratory Waste 
Disposal SOP for guidance on disposal of samples. 

The following personnel as of June 23rd, 2009 have access to all sample storage 
areas: 

James Dalton 
Ashley Bester 
Roger Burr 
Janice Shilling 
Rick Davis 
Jessica Sales 
Betty DeVille 
Amanda Fei 
Kendra Gentry 
Jason Goodman 
Sonya Gordon 
Gwen Hallquist 
Veronica Mullen 
William Lancaster 
Jade Holliman 
John Hughes 
Karu Huka 
Randy Ward 

Herbie Johnson 
Dahae Kim 
Dustin Lynch 
Marcia McGinnity 
Badeen Mekael 
Antonio Montiero 
Kelienne Verdier 
Gino Moore 
Lorraine Norohna 
Melanie Sams 
Brian Richard 
Franklin Rivers 
William Schwab 
Russell Townsend 
Christy Thompson 
Renee Vogel 
Randy Ward 
Marcia McGinnity 

In the event that an employee is teiminated, the supervisor is responsible for 
collecting the employee's keys. 

For additional information see SOP No. 404 entitled Laboratory Sample Receiving, 
Log-In and Storage. 

V: \LAB\ QAQC \SOP \SOP,410REV7.doc 
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1.0 PURPOSE 

The purpose of this document is to specify a consistent sample nomenclature system that will facilitate 
subsequent data management in a cost-effective manner. The sample nomenclature system has been 
devised such that the following objectives can be attained: 

• 	Sorting of data by matrix. 
Sorting of data by depth. 
Maintenance of consistency (field, laboratory, and data base sample numbers). 
Accommodation of all project-specific requirements. 
Accommodation of laboratory sample number length constraints (maximum of 20 characters 

2.0 	SCOPE 

The methods described in this procedure shall be used consistently for all projects requiring electronic data. 

3.0 	GLOSSARY 

None. 

4.0 	RESPONSIBILITIES 

Program Manager - It shall be the responsibility of the Program Manager (or designee) to inform contract-
specific Project Managers of the existence and requirements of this Standard Operating Procedure. 

Project Manager - It shall be the responsibility of the Project Manager to determine the applicability of this 
Standard Operating Procedure based on: (1) program-specific requirements, and (2) project size and 
objectives. It shall be the responsibility of the Project Manager (or designee) to ensure that the sample 
nomenclature is thoroughly specified in the relevant project planning document (e.g., sampling and analysis 
plan) and is consistent with this Standard Operating Procedure if relevant. It shall be the responsibility of 
the project manager to ensure that the Field Operations Leader is familiar with the sample nomenclature 
system. 

Field Operations Leader - It shall be the responsibility of the Field Operations Leader to ensure that all 
field technicians or sampling personnel are thoroughly familiar with this Standard Operating Procedure and 
the project-specific sample nomenclature system. It shall be the responsibility of the Field Operations 
Leader to ensure that the sample nomenclature system is used during all project-specific sampling efforts. 

5.0 	PROCEDURES 

5.1 	Introduction 

The sample identification (ID) system can consist of as few as 8 but not more than 20 distinct alpha-
numeric characters. The sample ID will be provided to the laboratory on the sample labels and chain-of-
custody forms. The basic sample ID provided to the lab has three segments and shall be as follows where 
"A" indicates "alpha," and "N" indicates "numeric": 

A or N 
3- or 4-Characters 

AAA 
2- or 3-Characters 

A or N 
3- to 6-Characters 

Site Identifier Sample Type Sample Location 
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Additional segments may be added as needed. For example: 

(1) Soil and Sediment Sample ID 

AorN 
3- or 4-Characters 

AAA 
2- or 3-Characters 

AorN 
3- to 6-Characters 

NNNN 
4-Characters 

Site Identifier Sample Type Sample Location Sample Depth 

(2) Aqueous (groundwater or surface water) Sample ID 

A or N 
3- or 4-Characters 

AAA 
2- or 3-Characters 

A or N 
3- to 6-Characters 

NN 
2-Characters 

-A 

Site Identifier Sample type Sample Location Round Number Filtered Sample only 

Bi to Sample ID (34 

Th15rt4 AAA N A or AA 
3- or 4-Characters 2- or 3- 	ar. . 6-Charact - 	rac ers 3-Characters 

Site Identifier Sam 	i• , ample Location 
Identifier 

Sample Group 
Num e 

5.2 	Sample Identification Field Requirements 

The various fields in the sample ID will include but are not limited to the following: 

• Site Identifier 
• Sample Type 
• Sample Location 
• Sample Depth 
• Round Number 
• Filtered 
• -4pesies-klaotitier-- 
• -gelliple-Gfetip+ItIftiber- 

. 
The site identifier must be a three- or four-character field .(numeric characters, alpha characters, or a 
mixture of alpha and numeric characters may be used). 	A site number is necessary since many 
facilities/sites have multiple individual sites, SWMUs, operable units, etc. Several examples are presented 
in Section 5.3 of this SOP. 

The sample type must be a two- or three-character alpha field. 	Suggested codes are provided in 
Section 5.3 of this SOP. 

The sample location must be at least a three-character field but may have up to six-characters (alpha, 
numeric, or a mixture). The six-characters may be useful in identifying a monitoring well to be sampled or 
describing a grid location. 

The sample depth field is used to note the depth below ground surface (bgs) at which a soil or sediment 
sample is collected. The first two numbers of the four-number code specify the top interval, and the third 
and fourth specify the bottom interval in feet bgs of the sample. If the sample depth is equal to or greater 
than 100, then only the top interval would be represented and the sampling depth would be truncated to 
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three-characters. The depths will be noted in whole numbers only; further detail, if needed, will be recorded 
on the sample log sheet, boring log, logbook, etc. 

A two-digit round number will be used to track the number of aqueous samples taken from a particular 
aqueous sample location. The first sample collected from a location will be assigned the round identifier 
01, the second 02, etc. This applies to both existing and proposed monitoring wells and surface water 
locations. 

Aqueous samples that are field filtered (dissolved analysis) will be identified with an "-F" in the last field 
segment. No entry in this segment signifies an unfiltered (total) sample. 

Section 	6.3 of this COP. 

The 	three digit sample grotirr frilmbei-ayill be tised to-En:wit-OIL-nth ftbtx-uf-biota-,ri ople groups (a partit..ular 

iasues, 	time, etc.) by species and location. The first sample group of a particular apccica collected from a 

5.3 	Example Sample Field Designations 

Examples of each of the fields are as follows: 

Site Identifier - Examples of site numbers/designations are as follows: 

A01 - 	Area of Concern Number 1 
125 - 	Solid Waste Management Unit Number 125 
000 - 	Base or Facility Wide Sample (e.g., upgradient well) 
BBG - 	Base Background 

The examples cited are only suggestions. Each Project Manager (or designee) must designate appropriate 
(and consistent) site designations for their individual project. 

Sample Type - Examples of sample types are as follows: 

AH 	Ach Sample 
AS 	Air Sample 
BM 	Building Material Sample 
BSB 	Biota Samplo Full Body 
BSF 	-Biota Sam* Pilot 
GP 	Composito Sample 
CS 	Chip Sample 
98----Drucn-Sampla 
DU- 	Dust Sample 
FP 	- 	Free Product 
IDW 	Investigation Derived Waste Sample 
.LT 	Loachato Samplo 
MW 	Monitoring Well Groundwater Sample 
OF 	0, trail Sample  
FIW 	Residential WellSample 
SB 	- 	Soil Boring Sample 
SD 	Sediment Sample 
SC 	Scrapo Sample 
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SG---Seil-rofts-Sample- 

SP - 	Seep Sample 
SS 	- 	Surface Soil Sample 
ST 	Ster•m Sovior VVator Sarnpro 
-SW--Soffeee-i.64atiig-Sample• 

Tost Pit-Sample 
Temporary Woti Sarriplo 

Wipc Samplco-
WactalSolid Sam 

Sample Location - Examples of the location field are as follows: 

001 	 Monitoring Well 1 
N32E92 	Grid location 32 North and 92 East 
D096 	Investigation derived waste drum number 96 

The first round monitoring well groundwater sample collected from existing monitoring well 001 at SWMU 
16 for a filtered sample would be designated as 016MVV00101-F. 

The second round monitoring well groundwater sample collected from existing monitoring well C20P2 at 
Site 23 for an unfiltered sample would be designated as 023MWC20P202. 

-desicipated-as-140SAALQ0-142.- 

A surface soil sample collected from grid location 32 North and 92 East at Site 32 at the 0- to 2-foot 
interval would be designated as 032SSN32E920002. 

A subsurface soil sample from soil boring 03 at SWMU 32 at an interval of 4 to 5 feet bgs would be 
designated as 032SE30030405. 

Note: No dash (-) or spacing is used between the segments with the exception of the filtered segment. 
The "F" used for a filtered aqueous sample is preceded by a dash "-F". 

TW 

WP 
WS 
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5.5 	Field Quality Assurance/Quality Control (QA/QC) Sample Nomenclature)  

Field QA/QC will be designated using a different coding system. The QC code will consist of a three- to 
four-segment alpha-numeric code that identifies the sample QC type, the date the sample was collected, 
and the number of this type of QC sample collected on that date. 

AA NNNNNN NN -F 

QC Type Date Sequence Number 
(per day) 

Filtered 
(aqueous only, if needed) 

The QC types are identified as: 

TB = Trip Blank 

FD .= Field Duplicate 
AB = Ambient Conditions Blank 
WB = Source Water Blank 

The sampling time recorded on the Chain-of-Custody Form, labels, and tags for duplicate samples will be 
0000 so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date, and 
type will be recorded on the routine sample log sheets and will document the location of the duplicate 
sample (sample log sheets are not provided to the laboratory). Documentation for all other QC types (TB, 
RB, AB, and WB) will be recorded on the QC Sample Log sheet (see SOP on Field Documentation). 

5.6 	Examples of Field QA/QC Sample Nomenclature 

The first duplicate of the day for a filtered ground water sample collected on June 3, 2000 would be 
designated as FD06030001-F. 

The third duplicate of the day taken of a subsurface soil sample collected on November 17, 2003 would be 
designated as FD11170303. 

The first trip blank associated with samples collected on October 12, 2000 would be designated as 
TB10120001. 

The only rinsate blank collected on November 17, 2001 would be designated as RB11170101. 

6.0 	DEVIATIONS 

Any deviation from this SOP must be addressed in detail in the site specific planning documents. 
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1.0 	PURPOSE 

The purpose of this document is to specify a consistent procedure for the quality assurance review of 
electronic and hard copy databases. This SOP outlines the requirements for establishment of a Database 
Record File, Quality Assurance review procedures, and documentation of the Quality Assurance Review 
Process. 

	

2.0 	SCOPE 

The methods described in this Standard Operating Procedure (SOP) shall be used consistently for all 
projects managed by Tetra Tech NUS (TtNUS). 

	

3.0 	GLOSSARY 

Chain-of-Custody Form - A Chain-of-Custody Form is a printed form that accompanies a sample or a 
group of samples from the time of sample collection to the laboratory. The Chain-of-Custody Form is 
retained with the samples during transfer of samples from one custodian to another. The Chain-of-
Custody Form is a controlled document that becomes part of the permanent project file. Chain-of-Custody 
and field documentation requirements are addressed in SOP SA-6.1. 

Electronic Database - A database provided on a compact laser disk (CD). Such electronic databases will 
generally be prepared using public domain software such as DBase, RBase, Oracle, Visual FoxPro, 
Microsoft Access, Paradox, etc. 

Hardcopy Database - A printed copy of a database prepared using the software discussed under the 
definition of an electronic database. 

Form I - A printed copy of the analytical results for each sample. 

Sample Tracking Summary - A printed record of sample information including the date the samples were 
collected, the number of samples collected, the sample matrix, the laboratory to which the samples were 
shipped, the associated analytical requirements for the samples, the date the analytical data were 
received from the laboratory, and the date that validation of the sample data was completed. 

	

4.0 	RESPONSIBILITIES 

Database Records Custodian - It shall be the responsibility of the Database Records Custodian to 
update and file the Sample Tracking Summaries for all active projects on a weekly basis. It shall be the 
responsibility of the Database Records Custodian to ensure that the most recent copies of the Sample 
Tracking Summaries are placed in the Database Records file. It shall be the responsibility of the 
Database Records Custodian to ensure that a copy of all validation deliverables is provided to the Project 
Manager (for placement in the project file). It shall be the responsibility of the Database Records 
Custodian to ensure that photocopies of all validation deliverables and historical data and reports (as 
applicable) are placed in the. Database Records file. 

Data Validation Coordinator - It shall be the responsibility of the Data Validation Coordinator (or 
designee) to ensure that the Sample Tracking Summaries are maintained by the Database Records 
Custodian. It shall be the responsibility of the Data Validation Coordinator (or designee) to ensure that 
photocopies of all data validation deliverables are placed in the applicable Database Records file by the 
Database Records Custodian. 
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Earth Sciences Department Manager  - It shall be the responsibility of the Earth Sciences Department 
Manager (or equivalent) to ensure that all field personnel are familiar with the requirements of this 
Standard Operating Procedure (specifically Section 5.5). 

FOL - It shall ,  be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or 
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of-
Custody Forms to the Database Records Custodian. Other responsibilities of the FOL are described in 
Sections 5.4 and 5.5. 

Management Information Systems (MISI Manager  - It shall be the responsibility of the MIS Manager to 
ensure that copies of original electronic deliverables (CDs) are placed in both the project files and the 
Database Records File. It shall be the responsibility of the MIS Manager (or designee) to verify the 
completeness of the database (presence of all samples) in both electronic and hardcopy form in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that Quality Assurance 
Reviews are completed and are attested to by Quality Assurance Reviewers. It shall be the responsibility 
of the MIS Manager to ensure that records of the Quality Assurance review process are placed in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that both electronic 
and hardcopy forms of the final database are placed in both the project and the Database Record File. It 
shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are entered in the 
database. 

Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the 
request of the Project Manager, specifically with respect to the generation of level of effort and schedule 
estimates. To support the project planning effort, the MIS Manager shall provide a copy of the MIS 
Request From included as Attachment A to the project manager. It shall be the responsibility of the MIS 
Manager to generate level of effort and budget estimates at the time database support is requested if a 
budget does not exist at the time of the request. The MIS Request Form shall be provided to the Project 
Manager at the time of any such requests. It shall be the responsibility of the. MIS Manager to notify the 
Project Manager of any anticipated level of effort overruns or schedule noncompliances as soon as such 
problems arise along with full justification for any deviations from the budget estimates (provided they 
were generated by the MIS Manager). It shall be the responsibility of the MIS Manager to document any 
changes to the scope of work dictated by the Project. Manager, along with an estimate of the impact of the 
change on the level of effort and the schedule. 

Program/Department Managers  - It shall be the responsibility of the Department and/or Program 
Managers (or designees) to inform their respective department's Project Managers of the existence and 
requirements of this SOP. 

Project Manager  - It shall be the responsibility of each Project Manager to determine the applicability of 
this SOP based on: (1) program-specific requirements, and (2) project size and objectives. It shall be the 
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the requirements 
regarding Chain-of-Custody Form provision to the Database Records Custodian. It shall be the 
responsibility of the Project Manager (or designee) to determine which, if any, historical data are relevant 
and to ensure that such data (including all relevant information such as originating entity, sample 
locations, sampling dates, etc.) are provided to the Database Records Custodian for inclusion in the 
Database Records File. It shall be the responsibility of the Project Manager to obtain project planning 
input regarding the level of effort and schedule from the MIS Manager. It shall be the responsibility of the 
Project Manager to complete the database checklist (Attachment A) to support the level of effort and 
schedule estimate and to facilitate database preparation and subroutine execution. 

Risk Assessment Department Manager  - It shall be the responsibility of the Risk Assessment 
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP 
as necessary, and to take corrective action if necessary. Monitoring of the process shall be completed on 
a quarterly basis. 
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Quality Assurance Reviewers-  It shall be the responsibility of the Quality Assurance Reviewers to verify 
the completeness of the sample results via review of the Chain-of-Custody Forms and Sample Tracking 
Summaries. It shall be the responsibility of the Quallty Assurance Reviewers to ensure the correctness of 
the database via direct comparison of the hardcopy printout of the database and the hardcopy summaries 
of the original analytical data (e.g., Form Is provided in data validation deliverables). Correctness includes 
the presence of all relevant sample information (all sample information fields), agreement of the laboratory 
and database analytical results, and the presence of data validation qualifiers. 

Quality Manager - It shall be the responsibility of the Quality Manager to monitor compliance with this 
Standard Operating Procedure,via routine audits. 

	

5.0 	PROCEDURES 

	

5.1 	Introduction 

Verification of the accuracy and completeness of an electronic database can only be accomplished via 
comparison of a hardcopy of the database with hardcopy of all relevant sample information. The primary 
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to 
Quality Assurance Reviewers; 2) ensure that the Quality Assurance review is completed in a consistent 
and comprehensive manner, and; 3) ensure that documentation of the Quality Assurance review process 
is maintained in the project file. 

5.2 	File Establishment 

A Database Record file shall be established for a specific project at the discretion of the Project Manager. 
Initiation of the filing procedure will commence upon receipt of the first set of Chain-of-Custody documents 
from a FOL or sampling technician. The Database Record Custodian shall establish a project-specific file 
for placement in the Database Record File. Each file in the Database Record File shall consist of 
standard components placed in the file as the project progresses. Each file shall be clearly labeled with 
the project number, which shall be placed on the front of the file drawer and on each and every hanging 
file folder relevant to the project. The following constitute the minimum components of a completed file: 

Electronic Deliverables 
Sample Tracking Forms 
Chain-of-Custody Forms 
Data Validation Letters 
Quality Assurance Records 

5.3 	Electronic Deliverables 

The format of electronic deliverables shall be specified in the laboratory procurement specification and 
shall be provided by the laboratory. The integrity of all original electronic data deliverables shall be 
maintained. This shall be accomplished via the generation of copies of each electronic deliverable 
provided by the laboratory. The original electronic deliverable shall be provided to the project manager for 
inclusion in the project file. A copy of the original electronic deliverable shall be placed in the Database 
Record File. The second copy shall be maintained by the MIS Manager (or designee) to be used as a 
working copy. 
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5.4 	Sample Tracking Forms 

Updated versions of the sample tracking form for each relevant project shall be maintained by the 
Database Record Custodian. The Sample Tracking Forms shall be updated any time additional Chain-of-
Custody Forms are received from a FOL or sampling technician, or at any time that data are received from 
a laboratory, or at any time that validation of a given data package (sample delivery group) is completed. 
The Data Validation Coordinator shall inform the Database Record Custodian of the receipt of any data 
packages from the laboratory and of completion of validation of a given data package to facilitate updating 
of the Sample Tracking Form. The Database Record Custodian shall place a revised copy of the Sample 
Tracking Form in the Database Record File anytime it has been updated. Copies of the updated Sample 
Tracking Form shall also be provided to the project manager to apprise the project manager of sample 
package receipt, completion of validation, etc. 

5.5 	Chain-of-Custody Forms 

The Chain-of-Custody Forms for all sampling efforts will be used as the basis for (1) updating the Sample 
Tracking Form, and (2) confirming that all required samples and associated analyses have been 
completed. It shall be the responsibility of the FOL (or sample technician) to provide a photocopy of all 
Chain-of-Custody Forms to the Database Record Custodian immediately upon completion of a sampling 
effort. The Database Record Custodian shall then place the copies of the Chain-of-Custody Form(s) in 
the Database Record File. Upon receipt of a sample data package from an analytical laboratory, the Data 
Validation Coordinator shall provide a copy of the laboratory Chain-of-Custody Form to the Database 
Record Custodian. The Database Record Custodian shall use this copy to update the Sample. Tracking 
Summary and shall place the copy of the laboratory-provided Chain-of-Custody Form in the.  Database 
Record File. The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the 
previously filed field copy. Upon receipt of all analytical data, two copies of the Chain-of-Custody will 
therefore be in the file. Review of the Chain-of-Custody Forms will therefore be a simple mechanism to 
determine if all data have been received. Chain-of-Custody is addressed in SOP SA-6.1. 

5.6 	Data Validation Letters 

All data validation deliverables (or raw data summaries if validation is not conducted) shall be provided for 
inclusion in both the Database Record File and the project file. If USEPA regional- or client-specific 
requirements are such that Form Is (or similar analytical results) need not be provided with the validation 
deliverable, copies of such results must be appended to the deliverable. It is preferable, although not 
essential that the validation qualifiers be hand-written directly on the data summary forms. The data 
validation deliverables (and attendant analytical summaries) will provide the basis for direct comparison of 
the database printout and the raw data and qualifiers. 

5.7 	Historical Data 

At the direction of the Project Manager, historical data may also be included in a project-specific analytical 
database. in the event that historical data are germane to the project, hardcopy of the historical data must 
be included in the Database Record File. Historical data may be maintained in the form of final reports or 
as raw data. The information contained in the historical data file must be sufficient to identify its origin, its 
collection date, the sample location, the matrix, and any and all other pertinent information. All available 
analytical data, Chain-of-Custody Forms, boring logs, well construction logs, sample location maps, shall 
be photocopied by the Project Manager (or designee) and placed in one or more 3-ring binders. All 
information shall be organized chronologically by matrix. It shall be the responsibility of the Project 
Manager (or designee) to ensure that all inconsistencies between analytical data, Chain-of-Custody 
Forms, boring logs, sample log sheets, and field logbooks are identified and corrected. The Project 
Manager (or designee) shall decide which nomenclature is appropriate and edit, initial and date all 
relevant forms. Data entry may only be performed on information that has undergone the aforementioned 
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editing process, thereby having a direct correlation between hardcopy information and what will become 
the electronic database. 

6.0 	RECORDS 

Records regarding database preparation and quality assurance review include all those identified in the 
previous section. Upon completion of the database task, records from the file will be forwarded to the 
Project Manager for inclusion in the project file, or will be placed in bankers boxes (or equivalent) for 
storage. The final records for storage shall include the following minimum information on placards placed 
on both the top and end of the storage box: 

Database Record File 
PROJECT NUMBER: 	 
SITE NAME: 	 
DATE FILED: / / 
SUMMARY OF CONTENTS ENCLOSED 
BOX _ OF _ 

Project- or program-specific record keeping requirements shall take precedence over the record keeping 
requirements of this SOP. 
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2 

Project Name: Request Date: 
CTO: 	 Date Data Available for Production: 
Project Manager: 	 I 	 Request in Support of: 
Requestor: 	Database Lead: 
Program/Client: 	GIS Lead: 
State/EPA Region: 	Statistics Lead: 

Risk Lead 
Site Name(s) (Area, OU, etc.): 
Sampling Date(0  
Matrix: 	U GW U SO U SD lj SW U Oth 

Iiitersr ---D Labels needed for an upcoming sampling event 
	Estimated Hours 	 Additional Instruction 

Due Date 

Total it of Samples 

	Complete ETS Charge No. 
FOL 

Data Entry: 
• 

0 Chemical data needs to be entered from hardcopy 
0 Chemical data needs to be forinated electronically 
ElField analytical data needs to be entered from hardcopy 

BGeologic data needs to be entered nom hardcopy 
Hydrology data needs to be entered from hardcopy 

Estimated Hours 	 Additional instructions 

 

Estimated ft of Samples 

  

Due Date 
Complete ETS Charge No. 

Tables: Full Data Printout H.  
Summary of Positive Hits 

E Occurance and Distribution 	; with criteria 
Sampling Analytical Summary;  

0 Other: 
	Estimated Hours 
Due Date 

Complete ETS Charge No. 

Additional Instructions: 

GIS: Er General Facility Location 
Location E Site 

Potentiometric Contours/Groundwater Flow 
Ej Sample Location Proposed 
[]Sample Location Existing 
0 Tag Map Single Round 

Tag Map Multiple Round 
Isoconcentrations 
Chart Map 
SD Visualization 

Ej EGIS CD 
0 Other: 

Estimated Hours 
Due Date 
	Complete ETS Chargo No. 

Statistics: 	Ej Yes 
	Estimated Hours 
	Due Date 

Complete ETS Charge No. 

GeostatIstics: 
	Estimated Hours 
	Due Date 

Complete ETS Charge No.  

Additional Instructions: 

Additional Instructions: 

Additional Instructions: 
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1.0 	PURPOSE 

The purpose of this procedure is to provide reference information regarding the proper methods for 
evaluating the physical condition and project utility of existing monitoring wells and determining water 
levels. 

	

2.0 	SCOPE 

The procedures described herein are applicable to all existing monitoring wells and, for the most part, are 
independent of construction materials and methods. 

	

3.0 	GLOSSARY 

Hydraulic Head - The height to which water will rise in a well. 

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric 
pressure (i.e., the pressure head is zero). 

	

4.0 	RESPONSIBILITIES 

Site Geolodist/Hydrogeoloqist - Has overall responsibility for the evaluation of existing wells, obtaining 
water level measurements and developing groundwater contour maps. The site geologist/hydrogeologist 
(in concurrence with the Project Manager) shall specify the reference point from which water levels are 
measured (usually a specific point on the upper edge of the inner well casing), the number and location of 
data points which shall be used for constructing a contour map, and how many complete sets of water 
levels are required to adequately define groundwater flow directions (e.g., if there are seasonal variations). 

Field Personnel - Must have a basic familiarity with the equipment and procedures involved in obtaining 
water levels and must be aware of any project-specific requirements or objectives. 

	

5.0 	PROCEDURES 

Accurate, valid and useful groundwater monitoring requires that four important conditions be met: 

Proper characterization of site hydrogeology. 

• Proper design of the groundwater monitoring program, including adequate numbers of wells installed 
at appropriate locations and depths. 

• Satisfactory methods of groundwater sampling and analysis to meet the project data quality objectives 
(DQ0s). 

• The assurance that specific monitoring well samples are representative of water quality conditions in 
the monitored interval. 

To insure that these conditions are met, adequate descriptions of subsurface geology, well construction 
methods and well testing results must be available. The following steps will help to insure that the 
required data are available to permit an evaluation of the utility of existing monitoring wells for collecting 
additional samples. 

019611/P 
	

Tetra Tech NUS, Inc. 



Subject 
EVALUATION OF EXISTING 
MONITORING WELLS AND WATER 
LEVEL MEASUREMENT 

Number 
GH-1.2 

Revision 
2 

Page 
3 of 9 

Effective Date 
09/03 

5.1 	Proliminary Evaluation- 

The depth to bedrock where -rock cores were -net taken, auger -refusal, drive casing refusal- er 
penetration lest results (blow counta for :-_-,plit-Parrel .,ampling) may be used -to estimate bcdrock 

019611/P Tetra Tech NUS, Inc. 

The condition condition of the cements al surreurkting the protective easing. 
The 	presence of ricprcseiens-er-standing wafer areas the casing. 
The 	p 
T 

s-deteriorated;er 



Number 
GH-1.2 

Revision 
2 

Page 

4 of 9 

Effective Date 
09/03 

nap function. 

d the oxisteRee lletes-' 

Id  be noted: 

Subject 

EVALUATION OF EXISTING 
MONITORING WELLS AND WATER 
LEVEL MEASUREMENT 

019611/P 	 Tetra Tech NUS, Inc. 

5.3 	Water Level (Hydraulic Head) Measurements 

5.3.1 	General 

Groundwater level measurements can be made in monitoring wells, private or public water wells, 
piezometers, open boreholes, or test pits (after stabilization). Groundwater measurements should 
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling 
activities are to occur, groundwater level measurements shall take place prior to well purging or sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet 
(Attachment B), along with the date and time of the reading. The total depth of the well shall be measured 
and recorded, if not already known. Weather changes that occur over the period of time during which 
water levels are being taken, such as precipitation and barometric pressure changes, should be noted. 

In measuring groundwater levels, there shall be a clearly-established reference point of known elevation, 
which is normally identified by a mark on the upper edge of the inner well casing. To be useful, the 
reference point should be tied in with an established USGS benchmark or other properly surveyed 
elevation datum. An arbitrary datum could be used for an isolated group of wells, if necessary. 
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Cascading water within a borehole or steel well casings can cause false readings with some types of 
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil 
layers and true depth to groundwater, if required. 

Water level readings shall be taken regularly, as required by the site geologist/hydrogeologist. Monitoring 
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction with a 
tidal chart (or preferably in conjunction with readings of a tide staff or tide level recorder installed in the 
adjacent water body); the frequency of such readings shall be established by the site hydrogeologist. All 
water level measurements at a site used to develop a groundwater contour map shall be made in the 
shortest practical time to minimize affects due to weather changes. 

5.3.2 	Water Level Measuring Techniques 

There are several methods for determining standing or changing water levels in boreholes and monitoring 
wells. Certain methods have particular advantages and disadvantages depending upon well conditions. A 
general description of these methods is presented, along with a listing of various advantages and 
disadvantages of each technique. An effective technique shall be selected for the particular site 
conditions by the site geologist/hydrogeologist. 

In most instances, preparation of accurate potentiometric surface maps require that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, electrical water level indicator methods have been found to be best, and thus should be 
utiliZed. Other, less precise methods, such as the popper or bell sound, or bailer line methods, should be 
avoided. When a large number of (or continuous) readings are required, time-consuming individual 
readings are not usually feasible. In such cases, it is best to use a pressure transducer. 

5.3.3 	Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed in 
each case. The proper sequence is as follows: 

1. 	Check operation of recording equipment above ground. Prior to opening the well, don personal 
protective equipment, as required. Never remove an air-tight lock (such as a J-plug) with your 
face over the well. Pressure changes within the well may explosively force the cap off once 
loosened. 

Record all information specified below in the geologist/hydrogeologist's field notebook or on the 
Groundwater Level Measurement Sheet (Attachment B): 

• Well number. 
• Water level (to the nearest 0.01 foot). Water levels shall be taken from the surveyed 

reference mark on the top edge of the inner well casing. If the J-plug was on the well very 
tightly, it may take several minutes for the water level to stabilize. 

• Time and day of the measurement. 
• Thickness of free product if present. 

Water level measuring devices with permanently marked intervals shall be used. The devices shall be 
free of kinks or folds which will affect the ability of the equipment to hang straight in the well pipe. 
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5.3.4 	Water Level Measuring Devices 

Electric Water Level Indicators 

These are the most commonly used devices and consist of a spool of small-diameter cable and a 
weighted probe attached to the end. When the probe comes in contact with the water, an electrical circuit 
is closed and a meter, light, and/or buzzer attached to the spool will signal the contact. 

There are a number of commercial electric sounders available, none of which is entirely reliable under all 
conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the water, 
groundwater with high specific conductance, water cascading into the well, steel well casing, or a turbulent 
water surface in the well, measuring with an electric sounder may be difficult. 

For accurate readings, the probe shall be lowered slowly into the well adjacent to the survey mark on the 
inner well casing. The electric tape is read (to the nearest 0.01 ft.) at the measuring point and recorded 
where contact with the water surface was indicated. 

Borehole Geophysics 

Approximate water levels can be determined during geophysical logging of the borehole (although this is 
not the primary purpose for geophysical logging and such logging is not cost effective if used only for this 
purpose). Several logging techniques will indicate water level. Commonly-used logs which will indicate 
saturated/unsaturated conditions include the spontaneous potential (SP) log and the neutron log. 

• 
5.3.5 	Data Recording 

Water level measurements, time, data, and weather conditions shall be recorded in the 
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet. All water 
level measurements shall be measured from a known reference point. The reference point is generally a 
marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The 
exact reference point shall be marked with permanent ink on the casing since the top of the casing may 
not be entirely level. It is important to note changes in weather conditions because changes in the 
barometric pressure may affect the water level within the well. 
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5.3.6 	Specific Quality Control Procedures for Water Level Measuring Devices 

All groundwater level measurement devices must be cleaned before and after each use to prevent cross 
contamination of wells. Manufacturer's instructions for cleaning the device shall be strictly followed. 
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded in the field 
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered in 
the field logbook/notebook, the corrected readings shall be entered onto the Groundwater Level 
Measurement Sheet (Attachment B). Elevations will be entered on the sheet when they become available. 

5.4 	Equipment Decontamination 

Equipment used for water level measurements provide a mechanism for potentially cross contaminating 
wells. Therefore, all portions of a device which project down the well casing must be decontaminated prior 
to advancing to the next well. Decontamination procedures vary based on the project objectives but must 
be defined prior to conducting any field activities including the collection of water level data. Consult the 
project planning documents and SA-7.1 Decontamination of Field Equipment. 

5.5 	Health and. Safety Considerations 

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space 
inside the well pipe. The release of this air when the well is initially opened is a health/safety hazard which 
must be considered. Initial monitoring of the well headspace and breathing zone concentrations using a 
PID or FID shall be performed to determine required levels of protection. Under certain conditions, air-
tight well caps may explosively fly off the well when the pressure is relieved. Never stand directly over a 
well when uncapping it. 

6.0 	RECORDS 

A record of all field procedures, tests and observations must be recorded in the site logbook or designated 
field notebook. Entries in the log/notebook should include the individuals participating in the field effort, 
and the date and time. The use of annotated sketches may help to supplement the evaluation. 
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Pro ct Name: 	 Date: 	  

Loca : 	 Time: 	  

Tidally In enced: Y I N 

Well ID 

Field Measurements 

Flush ML/ Slick-up Depth to Water tal Depth • PID Reading 
PPM 

Well Construction Details Taken from wnst 6ion loss) 

Total Depth • Ground 	v op/Btm Screen • 

heck Li 

Riser Pipe Material: 

Riser Notched I 	Surveyors: 

Well ID Ta place: 

Well sec : 

Phot . 

Condition of Well: 

Protective Case: 

Riser: 

wen Pad: 

Other: 

'Presence/Evidence o 

Standing Water Around Well: 

Existing Sampling Equipment: 

Sediment build-up in Well Bim: 

Comments: 

• = Measurements are from the top of the inner case to the nearest 0.01' 

Personnel* 	  
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ATTACHMENT B 
GROUNDWATER LEVEL MESUREMENT SHEET 

GROUNDWATER LEVEL MEASUREMENT SHEET 

Project Name: 

Location: 

Weather Conditions: 

Tidally Influenced: 

Project No.: 

Personnel: 

Measuring Device: 
Yes No_ Remarks: 

. 	 . 
..Elevation of 	, Water Level 	Thickness of 

- 	.Ref *niece Point Indiator Rwediog Free Product 
(ht!' 	(feet)' 	' 

meadtawnents .0 100 motif 0.01 Mot 	sue,,,,S meet kW.i noted) 	 a 
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1.0 	PURPOSE 

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and 
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to 
obtain soil, both surface and subsurface, and rock samples during field sampling activities. 

	

2.0 	SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

The sampling methods described within this procedure are applicable to collecting surface and 
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation, 
excavation/foundation design, remedial alternative design and related civil engineering purposes. 

	

3.0 	GLOSSARY 

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil is 
obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-studded 
drill bit which is advanced with a hydraulic rotary drilling machine. 

Project Manager - In consultation with the project geologist, the Project Manager is responsible for 
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful 
given the study objectives and the known or suspected geologic conditions at the site. The Project 
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings 
and well development water, as well as any specialized supplies or logistical support required for the 
drilling operations. 

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of 
drilling activities, and is strongly supported by the project geologist. 

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling 
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log 
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent 
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often 
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final location 
for drilling must be properly documented on the boring log. The general area in which the borings are to 
be located will be shown on a site map included in the Work Plan and/or Sampling and Analysis Plan. 
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling 
permits and clearances, and supplying all services (including labor), equipment and material required to 
perform the drilling, testing, and well installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subcontracts. 

The driller must report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in field 
procedures, describing and justifying such changes. No such changes shall be made unless requested 
and authorized in writing by the FOL (with the concurrence of the Project Manager). Depending on the 
subcontract, the Project Manager may need to obtain written authorization from appropriate administrative 
personnel before approving any changes. 

The drilling subcontractor is responsible for following decontamination procedures specified in the project 
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment, 
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open 
borings. 

	

5.0 	PROCEDURES 

	

5.1 	General  

The purpose of drilling boreholes is: 

• To determine the type, thickness, and certain physical and chemical properties of the soil, water and 
rock strata which underlie the site. 

• To install monitoring wells or piezometers. 

All drilling and sampling equipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally 
advisable to drill borings at "clean" locations first, and at the most contaminated locations last, to reduce 
the risk of spreading contamination between locations. All borings must be logged by the site geologist as 
they proceed (see SOPs SA-6.3 and GI-I-1.5). Situations where logging would not be required would 
include installation of multiple well points within a small area, or a "second attempt" boring adjacent to a 
boring that could not be continued through resistant material. In the latter case, the boring log can be 
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geologist 
should still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered 
at the original location. If significant differences are seen, each hole should be logged separately. 

	

5.2 	Drilling Methods 

The selected drilling methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be 
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the 
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range 
of different drilling methods applicable to the proposed program should be identified with final selection 
based on relative cost, availability, time constraints, and how well each method meets the sampling and 
testing requirements of the individual drilling program. 
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5.2.1 	Continuous-Flight Hollow-Stem Auger Drilling 

This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is relatively quick and inexpensive. 
Advantages of this type of drilling include: 

• Samples can be obtained without pulling the augers out of the hole. However, this is a poor method 
for obtaining grab samples from thin, discrete formations because of mixing of soils which occurs as 
the material is brought to the surface. Sampling of such formations requires the use of split-barrel or 
thin-wall tube samplers advanced through the hollow core of the auger. 

• No drilling fluids are required. 
• A well can be installed inside the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and limitations of this method of drilling include: 

• Augering can only be done in unconsolidated materials. 

• The inside diameter of hollow stem augers used for well installation should be at least 4 inches 
greater than the well casing. Use of such large-diameter hollow-stem augers is more expensive than 
the use of small-diameter augers in boreholes not used for well installation. Furthermore, the density 
of unconsolidated materials and depths become more of a limiting factor. More friction is produced 
with the larger diameter auger and subsequently greater torque is needed to advance the boring. 

The maximum effective depth for drilling is 150 feet or less, depending on site conditions and the size 
of augers used. 

In augering through clean sand formations below the water table, the sand will tend to flow into the 
hollow stem when the plug is removed for soil sampling or well installation. If the condition of 
"running" or "flowing" sands is persistent at a site, an alternative method of drilling is recommended, 
in particular for wells or boreholes deeper than 25 feet. 

Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods require the 
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. With 
these other methods, great care must be taken to ensure that the method does not interfere with the 
collection of a representative sample (which may be the prime objective of the borehole construction). 
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (HSA) is: 

- Cable tool 
Casing drive (air) 
Air rotary 

- Mud rotary 
Rotosonic 

- Drive and wash 
- Jetting 

However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases, 
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally 
acceptable as a first substitute for HSA. 

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
applicable ASTM Standards: D1587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall 
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also be followed. 	The hollow-stem auger may be advanced by any power-operated drilling machine 
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine 
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock 
coring. 

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for well 
installation. 	However, when drilling below the water table, specially designed plugs which allow passage 
of formation water but not solid material shall be used (see Reference 1 of this guideline). 	This drilling 
configuration method also prevents blow back and plugging of the auger when the plug is removed for 
sampling. 

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water 
table, to prevent blowback and plugging of the auger. 	If water is added to the hole, it must be sampled 
and analyzed to determine if it is free from contaminants prior to use. 	In addition, the amount of water 
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during 
well development must be carefully logged in order to ensure that a representative sample of the 
formation water can be obtained. 	Well development should occur as soon after well completion as 
practicable (see SOP GH-2.8 for well development procedures). 	If gravelly or hard material is 
encountered which prevents advancing the auger to the desired depth, augering should be halted and 
either driven casing or hydraulic rotary methods should be attempted. 	If the depth to the bedrock/soil 
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be 
conducted (see Section 5.2.9). 

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of the auger, a new boring can be attempted. 	The original boring 
must be properly backfilled and the new boring started a short distance away at a location determined by 
the site geologist. If multiple water bearing strata were encountered, the original boring must be grouted. 
In some formations, it may be prudent to also grout borings which penetrate only the water table aquifer, 
since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the 
water table. Backfilling requirements may also be driven by state or local regulations. 

• • • • 	• V 	 • 	 • • 	r• 

This-drillimi-rnethed-is-similac-te-hell- 	 • : 	- . 

e 	••: 	e 	 I•: 	 a 	... --peffeirmed-witheut-ptiliing-the-auger-s-eutr-v.1.14iGh-m - 	- 	 _e _e_: 	 _ 

• • 	- OA 	 : 	 0 • 	4 • • 	0 • 0 	• ,... 	• 	4 	• 	• • • • 	• 11. 	• • 	• • 	• • 	 a e 	 ... 	
- 	- 	..,. 	.7. 

• a 4 	. 	 • • 	4 	• 	a 	a • 	. • • • 	4 • II • 	. 	• 	 • 

.._ 	e t • Z ee 	- 	e_e 

. 	_ '.• 	•- 	- 	 ••• 	.- 	• 	•- • - - 	• - 	• • — 	4 	n 

- : - 
.: 	.. 	:...f 	t 	• . 

A 	
- 	• 	- 	66 	• 	.. 	-6 	• - 	 to -used4o_fincl-depth 

. 	 az. 	at 	t 	.: 	• 	. 	..... 	e• 	• 	• am 	e . 	•. e:e 	e_ 	_. 	- 	:_ 

Rotary Drilling 5.2.3 

! 	 . 	; 	• 	e 	• 	• 	aa 	• 	• 	 .• 	4 	• 	• 

• • 	
•

• 	 • 	• 	 f.: 	:f 	f 	'f 	.6 ... 	': 	.. 	't 	 ". 	: • • 	 _ 	 _ • • 	 • 7,• 	 . 	 ... 	, 	 ..' 

019611/P 
	

Tetra Tech NUS, Inc. 



Page 
7 of 26 

Number 
GH-1.3 

Effective Date 
06/99 

Subject 
SOIL AND ROCK 
DRILLING METHODS Revision 

• 

mateFitals-legged-ere-appfeximate.- 

-natefel-gfetifidwatef-fiew, 

• 

• 

• 

• Retatively-wiek-aRd-igexpeasiva, 

019611/P 
	

Tetra Tech NUS, Inc. 



Number 

GH-1.3 

Revision 

1 

Subject 
SOIL AND ROCK 
DRILLING METHODS Effective Date 

06/99 

• 

• 

aptarex4Frtete)- 

• 

-easing-tlifeutili-tNe4eFffiatten 

• D 

• 

Page 

8 of 26 

019611/P 
	

Tetra Tech NUS, Inc_ 



• 

• 

• 4- 	• - • 	- • • 0 r...• • 

• • 

Page 
9 of 26 

Number 
GH-1.3 

Effective Date 
06/99 

Subject 
SOIL AND ROCK 
DRILLING METHODS Revision 

1 

.tee .._.'"-'-*** 	 .... 	 ... 	 0 a 	 - 

f;)isaciktcnAtages-inelude-' 	: 

the-cyound-eP-piesed-en-an-A-Ph. 

t time. • -liere-are-e4imit - ; - 	- 	• : 	. 	: 	— 

• 

• 

• 

ratturr 	san ip 	e obtained, from known depths. 

formations-penetrated. 

largdiarn 
wat! drill pipe. The drilling-waterZr--air is_circtiLatad-down 
the-inneEpipe. 

• : 	- 

annulus between the drill pipes and up inside 

normal-air•rotary-rig. 

019611/P 
	 Tetra Tech NUS, Inc. 



Number 
GH-1.3 

Page 
10of 26 

Subject 
SOIL AND ROCK 
DRILLING METHODS Revision Effective Date 

06/99 

-Disachtentagesineftxrie-.  

must-13e-elear4y-Feeenzfech 

• 

• —13Fill-Fige-usee-ace-relati*ely-emall-aficl-rselaile,  

• The use of casing-Faininaizes-fiew-into-414e-laole-f 

flacapaster-s 

-Senie-ef-the-elieadmaRtages-i4:16i4:1416i- 

• The rnethod-is-slewe 

• 
natefe-ef-the-ferfnetiects-efillech- 

• Tne-cost-per-nour-or-Per--toot-of-daIn9 may be substantially higher than nthrassirillitig mPthOdS 

• I 
40--feet-in--maR)‘fefe;atiee*-- 

• • 	
- 	

••••-• • 	ft. 	.•• 
	 an 

019611/P Tetra Tech NUS. Inc. 



Number 
GH-1.3 

Page 

11 of 26 

Revision 

1 

Subject 
SOIL AND ROCK 
DRILLING METHODS Effective Date 

06/99 

11 

hacafaeF4he-eit-ahead-. 

• 

operotcn  

• ‘Alhen casing -is used, the cawing Deals formation Water rent of the hole, pr,m/gintiro drAwn holq 
Gefit 
paramctcrs. 

(split.spooP-Par thin-Ail/au (SlaPthy) ttihe samples.can t enilerted thmtigti the rasing  

-DisadvaRtasjes-inelusie: 

• 

• 

ttoliou4stexh-auger-},-- 

• 

-13e-diffieutt7 

fy724----4et-BAINng-fWaeh4ng)— 

,019611/P 
	

Tetra Tech NUS, Inc. 



• • I 	• I 

Number 

GH-1.3 

Revision 
1 

Subject 
SOIL AND ROCK 
DRILLING METHODS 

Effective Date 

06/99 

200 fcct. 

Page 

12 of 26 

Jetting k accei9talsie-+n-velys..aft formations, usually for shallow sampling, and-lithan introductinn of drilling 

• 

Disadvastaoes-iasiude-tha-fellewiag 

• A _lamp amount_ of foreign water or drifting mud is intradiirod ahrnia and into _tha fnonation to ha 

--senvled7 

• Jetting is usually done in very coft formatinnc_which_ara suhipot to r.aving Raramp of thic raving, it 

from the screened-intimLal 

• .--The-diameter-ef-the casing-is-usually-tiraltednobes. 

_Jetting -is oaly possible in very cod farrnatinnc that fin not rnntain hniildc.rs nr roar gravgil, and the 

)- 

• -Largo-quobtities-of-witer Ire often needed 

4:241----Dfitting-with-a-Hand-Augef 

whore -drill rig access is net pee:Aisle. -All -hand auger borings will be- pefformcd according to 
ASTM D1152 80. 

VP wharra urger piancic of Priitipmpnt do  

019611/P 
	

Tetra Tech NUS, Inc. 



Number 

GH-1.3 

Revision 

1 

Subject 
SOIL AND ROCK 
DRILLING METHODS Effective Date 

06/99 

-57240-Reek-131414fig-ettd-Gefiftei 

corcr 	in occorcioncc with ASTM D2113. 

laaffel--afVel4WthEkaWing-4141414.  war-bareel, Aiess efficient variation of this_rnethrid 	core barrel that  

•GEIfe-ie-Feetuife€4,- 

• • 	 0 :1: 	.. 	• 	• 	• -• • I • 	- • •• • • • • • . 	• • 	• 	/MO :• 	■ 

er. 

-Aelvefttages-ef-Gefe-441449-4461144164- 

• 

• 

• 

Disadvaatagee-iqc.1449: 

The-size-et4he-befE41€46-is-1imited, 

Page 

13 of 26 

019611/P 
	

Tetra Tech NUS, inc. 



Number 

GH-1.3 

Revision 

1 

Subject 

SOIL AND ROCK 
DRILLING METHODS 

Effective Date 

06/99 

5.2.11 	Drilling & Support Vehicles 

Page 

14 of 26 

In addition to the drilling method required to accomplish the objectives of the field program, the type of 
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be an 
additional deciding factor in planning the drilling program. The types of vehicles available are extensive, 
and depend upon the particular drilling subcontractor's fleet. Most large drilling subcontractors will have a 
wide variety of vehicle and drill types suited for most drilling assignments in their particular region, while 
smaller drilling subcontractors will usually have a fleet of much more limited diversity. The weight, size, 
and means of locomotion (tires, tracks, etc.) of the drill rig must be selected to be compatible with the site 
terrain to assure adequate mobility between borehole locations. Such considerations also apply to 
necessary support vehicles used to transport water and/or drilling materials to the drill rigs at the borehole 
locations. When the drill rigs or support vehicles do not have adequate mobility to easily traverse the site, 
provisions must be made for assisting equipment, such as bulldozers, winches, timber planking, etc., to 
maintain adequate progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

• Totally portable drilling/sampling equipment, where all necessary components (tripods, samplers, 
hammers, catheads, etc.) may be hand carried to the borehole site. Drilling/sampling methods used 
with such equipment include: 

Hand augers and lightweight motorized augers. 
- Retractable plug samplers--driven by hand (hammer). 

Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead mounted on 
one leg, used to install small-diameter cased borings. This rig is sometimes called a "monkey on 
a stick." 

• Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift hammers and 
drill string), a pump, and a dismounted tripod. The skid is pushed, dragged, or winched (using the 
cathead drum) between boring locations. 

• Small truck-mounted drilling equipment using a Jeep, stake body or other light truck (4 to 6 wheels), 
upon which are mounted the drill and/or a cathead, a pump, and a tripod or small drilling derrick. On 
some rigs, the drill and/or a cathead are driven by a power take-off from the truck, instead of by a 
separate engine. 

• Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle used has 
wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all terrain vehicle" is 
also modified for this purpose. Some types of tracked drill rigs are called "bombardier" or "weasel" 
rigs. 

• Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to transport the 
drill, derrick, winches, and pumps or compressors. The drill may be provided with a separate engine 
or may use a power take-off from the truck engine. Large augers, hydraulic rotary and reverse 
circulation rotary drilling equipment are usually mounted on such heavy duty trucks. For soft-ground 
sites, the drilling equipment is sometimes mounted on vehicles having low pressure, very wide 
diameter tires and capable of floating; these vehicles are called "swamp buggy" rigs. 
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5.2.12 	Equipment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will fit properly in the boring or well. 

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging 
from 2 inches to 3-1/2 inches in outside diameter. However, the most commonly used size is the 
2-inch 0.0., 1-3/8-inch I.D. split-barrel sampler. When this sampler is used and driven by a 140-pound 
(± 2-pound) hammer dropping 30 inches (± 1 inch), the procedure is called a Standard Penetration Test, 
and the blows per foot required to advance the sampler into the formation can be correlated to the 
formation's density or strength. 

In planning the diilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples 
or diamond core drilling will be performed, refer to the various sizes and clearances provided in 
Attachment A of this guideline. Sizes selected must be stated in the project plan documents. 

5.2.13 	Estimated Drilling Progress 

To estimate the anticipated rates of drilling progress for a site, the following must be considered: 

• The speed of the drilling method employed. 

• Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions in 
bouldery soils, rubble fill or broken rock, etc.). 

• Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 
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Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development 
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling 
methods: 

Average Daily Progress 
(linear feet) 

Drilling Method 

Rutusonic 	D. ark .g 

-Solid-stem 	augers 50' 

Reverse-Gireuletien-Retary 	 ---4044Guttings-sarnples) 

Skid-Rig-with-driven-easing 

Coble 	Tool 

Centinuouo Rock Coring 50' 

Rotary 	with driven casing 

—1-90L-1-60L-(eentinueus-eere) 

30'  
50' 
30' 

5.3 	Prevention of Cross-Contamination 

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated 
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to a 
confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method similar 
to the rock coring method described in Section 5.2.10, except that larger casing is used) or by using a 
driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel well 
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch 
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch 
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole. 
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the boring 
is drilled Utilizing a narrower diameter spun or driven casing technique within the outer well casing. A 
smaller diameter well casing with an appropriate length of slotted screen on the lower end, is installed to 
the surface. 

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure-grouted 
or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean material and 
grouted at the surface, or it is grouted all the way to the surface. 

5.4 	Cleanout of Casing Prior to Sampling  

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 
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For disturbed samples both above and below the water table and where introduction of relatively large 
volumes of wash water is permissible, the cleaning operation is usually performed by washing the 
material out of the casing with water; however, the cleaning should never be accomplished with a strong, 
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom of 
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom 
with the water still flowing, until the wash water coming out of the casing is clear of granular soil particles. 
In formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly 
raise and lower the drill rods and wash bit while washing out the hole, to surge these large particles 
upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-barrel 
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below 
the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball check 
valve has been removed, in some formations it may be necessary to install a flap valve or spring sample 
retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the 
hole. The use of jet-type chopping bits is discouraged except where large boulders and cobbles or hard-
cemented soils are encountered. If water markedly softens the soils above the water table, clean out 
should be performed dry with an auger. 

For undisturbed samples below the water table, or where wash water must be minimized, clean out is 
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at the 
bottom to carry loose material up into the auger, and up-turned water jets just above the cutting blades to 
carry the removed soil to the surface. In this manner, there is a minimum of disturbance at the top of the 
material to be sampled. If any gravel material washes down into the casing and cannot be removed by 
the clean out auger, a split-barrel sample can be taken to remove it; bailers and sandpumps should not be 
used. For undisturbed samples above the groundwater table, all operations must be performed in a dry 
manner. 

If all of the cuttings created by drilling through the overlying formations are not cleaned from the borehole 
prior to sampling, some of the problems which may be encountered during sampling include: 

• When sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler 
may become filled with the cuttings. This limits the amount of sample from the underlying formation 
which can enter and be retained in the sampler, and also raises questions as to the validity of the 
sample. 

If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, these may 
block the bit of the sampler and prevent any materials from the underlying formation from entering the 
sampler when the sampler is advanced. 

• In cased borings, should sampling be attempted through cuttings which remain in the lower portion of 
the casing, these cuttings could cause the sampler to become bound into the casing, such that it 
becomes very difficult to either advance or retract the sampler. 

• When sampler blow counts are used to estimate the density or strength of the formation being 
sampled, the presence of cuttings in the borehole will usually give erroneously high sample blow 
counts. 

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the site geologist measure the "stickup" of the drill string. This is accomplished by 
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered 
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the 
height of this reference point above the ground surface. The difference of these measurements is the 

019611/P 
	

Tetra Tech NUS, Inc. 



	

Subject 
	

Number 
	

Page 
SOIL AND ROCK 
	

GH-1.3 
	

18 of 26 
DRILLING METHODS 	 Revision 

	
Effective Date 

1 
	

06/99 

depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be 
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled). If 
the length of drill string below grade is more than the drilled or casing depth, the borehole has been 
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill 
string below grade is less than the drilled or casing depth, the difference represents the thickness of 
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be left in the 
borehole with little or no problem. However, if more than a few inches of cuttings are encountered, the 
borehole must be recleaned prior to attempting sampling. 

	

5.5 	Materials of Construction 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced in SOP GH-2.8. However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness of soil and ground water samples. 

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long-term 
monitoring wells, but the early time data in time series collection of ground water data may then be 
suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete written 
justification including methods and procedures for their use must be provided by the site geologist and 
approved by the Project Manager. The specific slurry composition and the concentration of suspected 
contaminants for each site must be known. 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels, 
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in the 
field by the judgment of the site geologist and noted in the site logbook, and only after approval by the 
Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based greases, 
etc. will not be permitted. Samples of lubricants used must be provided and analyzed for chemical 
parameters appropriate to the given site. 

	

5.6 	Subsurface Soil Samples 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition of 
the actual migration of contaminants can be obtained through chemical analysis of the soil samples. 
Where the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction activities be 
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit 
weight, and moisture content are some of the physical characteristics that may be determined for soil 
samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various physical 
and engineering parameters such as relative density, unconfined compressive strength, and consolidation 
characteristics of soils. 

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core 
soil sampling and rock coring are discussed below. The procedures described here are representative of 
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a larger number of possible drilling and sampling techniques. 	The choice of 
large number of variables such as cost, local geology, etc. 	The final choice 
with the assistance of drilling subcontractors familiar with the local geologic 
techniques must be based upon the underlying principles of quality assurance 
procedures. 

The CME continuous sample tube system provides a method of sampling soil 
stem augering. 	The 5-foot sample barrel fits within the lead auger of a hollow 
sampling system can be used with a wide range of I.D. hollow-stem augers 
8-1/4-inch 1.D.). This method has been used to sample many different materials 
clays and shales, mine tailings, etc. This method is particularly used when SPT 
and a large volume of material is needed. Also, this method is useful when 
subsurface lithology is required. Rotosonic drilling methods also provide a continuous 
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of methods must be made 

conditions. 	Alternative 
implicit in the following 

continuously during hollow- 
-auger column. 	The 

(from 3-1/4-inch to 
such as glacial drift, hard 
samples are not required 

a visual description of the 
soil sample. 

all • •• 	-• 	* 	- 	 •'.? 	• 1.. 	: 	t...e •e 	t 	t 	••-t• .7 	 _• 

_ .: 	 g-prethad,it_is_commaAly 
used-for-shallow-studies-of-500-teet--or-lass, or for specific irate 	• 	R.I.  a 	a • - 

• • • 	• • 	• a 	• 	 • • 	I.  • 	 t t 	t • 	• 	e. - 	. 	sly, 

—: 	'Z' 	- 	 • 	: 	 S e_ 	t. 	 • 	 • • • r — i, 	 _ 	. 	 _: 

t 	 • 	• 	 . 	• * 	• ••-•* a. 	•• 	 cfPristirc of 
lithologies-enuouhterecl-rciritlifig-nlethodsr-dep • . 	• 	•, 	e•• 	•• e 	• 	•• 	!,•• 	••••• 	i 	- 

	
: _ 	

- 

i 	- 	• 	e -:. 	:. 	e•• ,1-1  ia-over-200-feet—Dowil--hole--ge.ophysical-liaggiag-or--teleViSiOrl . 	. 	 _•ez,.. 

. Gai*vera-monitoring-is-sometimes-i4sed-to-Go" 	- : - 	• : 	 - e - - 	e- - et" - 	- 	- 

Borehole 	 il-the-iafonziation-rieectell—Stalularcl.-sizes -diameter-can-be-4dl 
of cor 

Dfillugh 	t:e 	e. 	• 	:* 	• 	 •••••_ 	•••• 	• 	- 	• 	a 	•-•- • 	• 	- 	• II 	1111 	• 	- _ 	- 

barrel)--with--a-rate-Gf-stri 	• 	e= = 	• 	=• 	• 	•' 	 • 	t 	e... 	e 	̂e - 	 __::e 
• • • 	- • • 	t 	• • 	• • 	• - 	- 	 a- 	• 	a. '• - 	- 	all 	•1111 - 0 	- 	Ill 	. 	-- 	it' 	all fluid 	: - 	- 	 ... 	 - 	 . 
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FIGURE 1 

STANDARD SIZES OF CORE BARRELS AND CASING 

oring Bit Size Nominal* Set Size* 

Q.D. I.D. O.D. I.D. 

RWT 1 5/32 3/4 1.160 0.735 

EWT 1 1/2 29/32 1.470 0.905 

EX, EXL, EWG, 1 1/2 13/16 1.470 0.845 

AWT 1 7/8 1 9/32 1.875 1.281 

AX, AXL, AWG, A 1 7/8 1 3/16 1.8 1.185 

BWT 2 3/8 1 3/4 , 5 1.750 

BX, BXL, BWG, BWM 2 3/8 1 5/8 2.345 1.655 

NWT 3 2 5/16 2.965 2.313 

NX, NXL, NWG, NWM 3 2 1/8 2.965 2.155 

HWT 3 9/32 3 3/16 3.889 3.187 

HWG 3 2' 32 3 3.889 3.000 

2 3/4 x 3 7/8 3 7/ 2 	4 3.840 2.690 

4 x 5 1/2 5 1/2 4 5.435 3.970 

6 x 7 3/4 7 3/4 6 7.655 5.970 

AX Wire line 	I 	/ 1 7/8 1 1.875 1.000 

BX Wire line 	1 	/ 2 3/8 1 7/16 2.345 1.437 

NX Wire line 	I 	/ 3 1 	5/16 2.965 1.937 

* 	All dimensions are in inche-, to convert to millim 	ers, multiply by 25.4. 
_I___/ Wire line dimensions . d designations may vary -ccording to manufacturer. 
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URE 1 

ST 	DARD SIZES OF CORE BARRELS AND CASING 

PAGE 	0 

Size Des 	nations 

• 
Casing  
0.D., 

Inches 

Casing 
Coupling 

Casing 
bit 0.D., 
Inches 

Core 
barrel 

bit 0.D., 
Inches* 

Drill rod 
0.D., 

Inc 

Appro imate Core 
P iameter 

Casing; 
Casing 

coupling; 
Casing 

bits; Core 
barrel bits 

Ro - rod 
coup 	s 

0.D., 
Inches 

1.D., 
Inches 

anal, 
Inches 

Thinwall, 
Inches 

RX RW 1.4 1.437 1.188 1.485 1.16 1.094 - 0.735 
EX E 1.812 1.812 1.500 1.875 • 1. 	0 1.313 0.845 0.905 
AX A 2.250 .250 1.906 2.345.  .875 1.625 1.185 1.281 
BX B 2.875 2. 	5 2.375 2.965 2.345 1.906 1.655 1.750 
NX N 3.500 3.50 3.000 3.6 2.965 2.375 2.155 2.313 
HX HW 4.500 4.500 3.938 .625 3.890 3.500 3.000 3.187 
RW RW 1.437 

- c 
.79 
" = 
IL No

  C
ou

pli
ng N

>
  

1.485 1.160 1.094 - 0.735 
EW 

, 
EW 1.812 1.875 1.470. 1.375 0.845 0.905 

AW AW 2.250 2.345 1.875 1.750 1.185 1.281 
BW BW 2.875 .965 2.345 2.125 1.655 1.750 
NW NW 3.500 3.: 	5 2.965 2.625 2.155 2.313 
HW HW 4.500 4.62 ^ 3.890 3.500 3.000 3.187 
PW -- 5.500 5.650 - - - -- 
SW -- 6.6 6.790 -- - - - 
UW --- 7..25 7.800 - - - 
ZW - 8.625 8.810 - - - - 
- AX -- - -- - 1.875 1.750 1.000 - 

-- BX 4 	I - - -- --- 2.345 2.• 50 1.437 - 
- N 	I___\ --- - - - 2.965 2.81' 1.937 - 

* 	All dimensions 
I 	/ Wire 

are in inches; to convert to millimeters, multiply b 	25.4. 
line dimensions and designations may vary according to mane 	cturer. 

FOR DRILL CASINGS AND ACCESSO ' ES. 
DRILL MANUFACTURERS ASSOCIATION). 2::-

D-2889.  

NOMINAL DIMENSIONS 
(DIAMOND CORE 
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5.7.1 ----Diamond-eoreiih.tifing.-  • 

• - 	 • • • - • • • 	•• 	-. . soil sampling-rnethocie, the following WIgen-for-mations-age-esacouater 

-epeittee- 

e barrel of the tiesirAd size After drilling  

g, remove the core barrel immediately. In soft 

eeffifflenty-ffSe€1-free---  • 

--again-eneetifiter-e4.- 

ell-as4lae-Faok--eleatity-designatiewiRQB-)r-E-aelt 
oece-shall-be•-deser-ibedretassifted-,--and-loggecl-esing a-unifor 

eiFatile-to-pFevent-elfying-(e,g,74e-pfevent-sefieliege-ef-eley 
be--wcapped-ici--plastio-skieves-immediately  after  

4:14498frand-the— 

.noludedres-well-as-clesignating-the-togi-anci4aettem-44he 
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-After sampling-TT-oak -cores-shatl-be-plaoecl-in 

,ErHeest-i2-4-1-inea-F-feet-pf-oece-in--Paws-al;-apppaximately--5-feat-ea 
tops-see-wed 	with-ser-ewsrefid-e-latolviusually-a-heek-a 
Wood-partitions_shalLbe placed at the end of_each Mire n uiarld between Lows  

Thadepth-lcora-the_surface--of-thP—b 
maflieel-pn-444e-wooden-partition 
the-entl-ef-eaeh-F+J-a-with t 
seperete-suseessive-per-e-rufts-and-ind-ioate-depth-iatefvals-foF-eaoh-Fuet,--The-er-der-raf-plaeifig-eeFee-eftell 

-be-the-sam 
the insido of the lid facing the cbsaruer, the inpof the cared interval contained within the hny is in the  
upper -left corner-of--the--box;-aad-4h  
The-top-aftts1--betztem-ef-eash-se 

T-140-ittaide-and-outaida-of-tha-coga.box-lid-shall 
442ty:-8-49 

• —Projeet-rrarne7-  
• Project number. 
• -Befieg-F14:1ffttEteR 
• Riin nirmhers  
• For,tago (idsTtlas). 
• 	 
• --R416144). 

.•!! 	 _.•t• 

-ifteleele-pfejeet-Ruffiberr  befieg-Fiktalbecrtep-atiii-betteca-Elepths-e‘eere-and-bea-Rufflktef-. 

6.0 
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ATTACHMENT A 

DRILLING EQUIPMENT SIZES 

Drilling Component Designation or 
Hole Size (Inches) 

O.D. 
(Inches) 

I.D. 
(Inches) 

Coupling I.D. 
(Inches) 

Hollow-stem augers (Ref. 7) 6 1/4 5 2 1/4 
6 3/4 5 3/4 2 3/4 --- 
7 1/4 6 1/4 3 1/4 -- 
13 1/4 12 • 6 — 

all 	Tube 	Samplers 
(Ref. 7) 

2 1 7/8 - 

2'______..._22---2-378 — 
2 7/8 

 
3 

_....----- ----'-- ---3-142-......_,  3 3/8  
4 1/2 — 

5 4 3/4 --______„.1  
Drill Rods (Ref. 7) RW 1 3/32 23/32 13/32 

EW 1 3/8 15/16 7/16 
AW 1 3/4 1 	1/4 5/8 
BW 2 1/8 -1 3/4 3/4 
NW 2 5/8 2 1/4 1 3/8 
HW 3 1/2 3 1/16 2 3/8 
E 1 5/16 7/8 7/16 
A 1 5/8 1 	1/8 9/16 

B 1 7/8 1 	1/4 5/8 
N 23/8 2 1 

Wall Thickness 
(Inches) 

External Coupled Extra 
Strong S e- 	asing (Ref. 8) 

2 1/2 2.875 2.323 0.276 

3 3.5 2.9 0.300 
3 1/2 4.0 .364 0.318 

3.826 0.337 
5 5.63 4.813 0.375 
6 6. 5.761 0.432 

8 8.625 0.500 

10 10.750 9.750 0.500 
ss----- 7:i.50tr.--,.._.__4  

O.D. of the external 

12 12.750 11.750 

* 	Add twice the casing wall thickness to casing O.D. to obtain the approximate 
pipe couplings. 
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. TTACHMENT A 
• - (LUNG EQUIPMENT SIZES 
PA E TWO 

I filling Component Designation or 
Hole Size 
(Inches) 

O.D. 
(Inches) 

I.D. 
(Inches) 

Coupli 	I.D. 
(In 	es) 

Flush 	Co •led 	Casing 
(Ref. 7) 

RX 1 7/16 1 3/16 1 	3/16 

EX 1 	13/16 1 5/8 1 	1/2 

AX 2 1/4 2 1 29/32 

BX 2 7/8 2 9/ • 2 3/8 
NX 31/2 3 ./16 3 
HX 4 1/2 4 1/8 3 15/16 

Flush Joint Casing (Ref. 7) RW 1 7/16 1 3/16 

EW 1 	13/16 1 	1/2  

AW 2 1/4 1 29/32 

zW 2 7/: 2 3/8 

N 3 	/2 3 

HW • 1/2 4 

PW 5 1/2 5 

SW 6 5/8 6 

UW 7 5/8 7 

ZW 8 5/8 8 

Diamond 	Core 	Barrels 
(Ref. 7) 

1 	1/2 7/8** 

• 1 7/8 1 	1/8** 

BWM 2 3/8 1 5/8" 

NWM 3 2 1/8 

HWG 3 7/8 3 

2 3/4 x 3 7/8 37/8 211/16 

4 x 5 1/2 51/2 31 	16 

6 x 7 3/4 7 3/4 5 15/1. 

AQ (wireline) 1 57/64 1 	1/16** 

BQ (wireline) 2 23/64 1 7/16** 

NQ (wireline) 2 63/64 1 7/8 

HQ (wireline) 3 25/32 2 1/2 

** 	: -cause of the fragile nature of the core and the difficulty to identify rock details, use o• 	mall- 	- 
diameter core (1 3/8") is not recommended. 

019611M 
	

Tetra Tech NUS, Inc. 



TETRA TECH NUS, INC. 

Subject 

Applicability 

Tetra Tech NUS, Inc. 

Prepared 

Earth Sciences Department 

D. Senovich 
Approved 

STANDARD 
OPERATING 

PROCEDURES 

Number 

GH-1.5 

Effective Date 

06/99 
Revision 

1 

Page 

1 of 20 

BOREHOLE AND SAMPLE LOGGING 

TABLE OF CONTENTS 

SECTION 	 PAGE 

1.0 PURPOSE  	 3 

2.0 SCOPE 	 3 

3.0 GLOSSARY 	 _3 

4.0 	RESPONSIBILITIES 	 _3 

5.0 PROCEDURES  	 3 

5.1 	MATERIALS NEEDED 	 3 
5.2 	CLASSIFICATION OF SOILS 	 3 
5.2.1 	USCS Classification 	 6 
5_2.2 	Color 	 6 
5.2.3 	Relative Density and Consistency 	 6 
5.2.4 	Weight Percentages 	 7 
5.2.5 	Moisture 	  10 
5.2.6 	Stratification 	  10 
5.2.7 	Texture/Fabric/Bedding 	 10 
5.2.8 	Summary of Soil Classification 	  10 
5.3 	CLASSIFICATION OF ROCKS 	 13 
5.3.1 	Rock Type 	 13 
5.3.2 	Color 	  16 
5.3.3 	Bedding Thickness 	  16 
5.3.4 	Hardness 	  16 
5.3.5 	Fracturing 	  16 
5.3.6 	Weathering 	  17 
5.3.7 	Other Characteristics 	  17 
5.3.8 	Additional Terms Used in the Description of Rock 	  18 
5.4 	ABBREVIATIONS 	 19 
5.5 	BORING LOGS AND DOCUMENTATION 	 19 
5.5.1 	Soil Classification 	  19 
5.5.2 	Rock Classification 	 23 
5.5.3 	ClaSsification of Soil and Rock from Drill Cuttings 	 24 
5.6 	REVIEW 	 24 

6.0 REFERENCES 	 24 

7.0 RECORDS 	 25 

019611/P 
	

Tetra Tech NUS, Inc. 



Number 
GH-1.5 

Effective Date 
06/99 

Subject 

BOREHOLE AND SAMPLE LOGGING 

TABLE OF CONTENTS (Continued) 

FIGURES 

NUMBERS PAGE 

1 BORING LOG (EXAMPLE) 	  4 
2 CONSISTENCY FOR COHESIVE SOILS 	  8 
3 BEDDING THICKNESS CLASSIFICATION 	  10 
4 GRAIN SIZE CLASSIFICATION FOR ROCKS 	  12 
5 COMPLETED BORING LOG (EXAMPLE) 	  17 

Revision 
1 

Page 
2 of 20 

019611/P 
	

Tetra Tech NUS, Inc. 



Subject 	 Number 	 Page 
GH-1.5 3 of 20 

BOREHOLE AND SAMPLE LOGGING Revision 
1 

Effective Date 
06/99 

1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

	

2.0 	SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology. While experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

	

3.0 	GLOSSARY 

None. 

	

4.0 	RESPONSIBILITIES 

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. 

	

5.0 	PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the field classification system described in this SOP. This identification is based on visual 
examination and manual tests. 

	

5.1 	Materials Needed 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 

• Rock hammer 
• Knife 
• Camera 
• Dilute hydrochloric acid (HCI) 
• Ruler (marked in tenths and hundredths of feet) 
• Hand Lens 

5.2 	Classification of Soils 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is needed. 
Details on filling out the boring log are discussed in Section 5.5. 
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FIGURE 1 

BORING LOG (EXAMPLE) 

BORING LOG 
BORING NUMBER: PROJECT NAME: 

PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

San* Depth Blows / Sono. 
No. and Dri.) r . ROD Meow/7 
Typo or or 	(%) 	DR.Pl• 

ROD 	Run No. 	 length 
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5.2.1 	USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies soil types on the basis of grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). 
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) is a common component 
of soil but has no size range; it is recognized by its composition. The careful study of the USCS will aid in 
developing the competence and consistency necessary for the classification of soils. 

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not 
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in 
description, the term rock fragments shall be used to indicate angular granular materials resulting from the 
breakup of rock. The sharp edges typically observed indicate little or no transport from their source area, 
and therefore the term provides additional information in reconstructing the depositional environment of 
the soils encountered. When the term "rock fragments" is used it shall be followed by a size designation 
such as "(1/4 inch D-1/2 inch D)" or "coarse-sand size" either immediately after the entry or in the remarks 
column. The USCS classification would not be affected by this variation in terms. 

	

5.2.2 	Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light 
gray" or "blue-gray." Since color can be utilized in correlating units between sampling locations, it is 
important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to 
describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term "mottled" shall be used to indicate soils irregularly marked with spots of different colors. Mottling 
in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shall not be used unless specified by the project manager. 

	

5.2.3 	Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type. 
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere 
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3. Those designations are: 
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Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through 
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows it 
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall be 
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications 
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The 
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to 
determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. If 
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil. 
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in 
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 

5.2.4 	Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful in the description of soil: 

Very loose 0 to 4 

Loose 5 to 10 

Dense 31 to 50 

Some 11 - 30 percent 

Designation Standard Penetration 
Resistance 

(Blows per Foot) 

Medium dense 11 to 30 

Very dense Over 50 

Terms of Identifying Proportion of the 
Component 

Trace 

Defining Range of 
Percentages by Weight 

0 - 10 percent 

Adjective form of the soil type (e.g., "sandy") 31 - 50 percent 
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FIGURE 2 

CONSISTENCY FOR COHESIVE SOILS 

Standard 
Penetration 
Resistance 
(Blows per 

Foot) 

0 to 2 
2 to 4 

4 to 8 

8 to 15 

15 to 30 

Over 30 

Unconfined 
Compressive 

Strength 
(Tons/Sq. Foot by 

pocket 
penetration) 

Less than 0.25 
0.25 to 0.50 

0.50 to 1.0 

1.0 to 2.0 

2.0 to 4.0 

More than 4.0 

Field Identification 

Easily penetrated several inches by fist 
Easily penetrated several inches by 
thumb 

Can be penetrated several inches by 
thumb with moderate effort 

Readily indented by thumb but 
penetrated only with great effort 

Readily indented by thumbnail 

Indented with difficulty by thumbnail 

Consistency 

Very soft 
Soft.  

Medium stiff 

Stiff 

Very stiff 

Hard 
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Examples: 

• Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 
• Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 
• Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 
• Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

	

5.2.5 	Moisture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In 
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can 
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's 
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous 
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing 
moisture, it is important that the method used by an individual remains consistent throughout an entire 
drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

	

5.2.6 	Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used for 
stratification description is shown in Figure 3. 

	

5.2.7 	Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of 
the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether the 
particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat 
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g., 
stratified, lensed, nonstratified, heterogeneous varved). 

	

5.2.8 	Summary of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. The 
hierarchy of classification is as follows: 

• Density and/or consistency 
• Color 
• Plasticity (Optional) 
• Soil types 
• Moisture content 
• Stratification 
• Texture, fabric, bedding 
• Other distinguishing features 
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FIGURE 3 

BEDDING THICKNESS CLASSIFICATION 

Thickness 
(Approximate 

English Equivalent) 
> 3.3' 

1.0' - 3.3' 

4"- 1.0' 
1" - 4" 

2/5" - 1" 
1/8" - 2/5" 

1/32" - 1/8" 
<1/32" 

(Weir, 1973 and Ingram, 1954) 

Thickness 
(metric) 

> 1.0 meter 
30 cm -1 meter 
10 cm - 30 cm 
3 cm - 10 cm 
1 cm - 3 cm 
3 mm - 1 cm 

1 mm - 3 mm 
< 1 mm 

Classification 

Massive 
Thick Bedded 

Medium Bedded 
Thin Bedded 
Very Thin Bedded 
Laminated 

Thinly Laminated 
Micro Laminated 
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5.3 	Classification of Rocks 

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the earth's surface. The following basic names are applied to 
the types of rocks found in sedimentary sequences: 

• Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter. 

• Siltstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter. Fractures 
irregularly. Medium thick to thick bedded. 

• Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very 
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores. 

• Shale - A fissile very fine-grained rock. Fractures along bedding planes. 

• Limestone - Rock made up predominantly of calcite (CaCO3). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

• Coal - Rock consisting mainly of organic remains. 

• Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record. The local abundance of any of these rock types is dependent upon the depositional history of 
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types 
found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

• Rock type 
• Color 
• Bedding thickness 
• Hardness 
• Fracturing 
• Weathering 
• Other characteristics 

5.3.1 	Rock Type 

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier. 
Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are slightly 
different than the USCS subdivision for soil classification. For field determination of grain sizes, a scale 
can be used for the coarse grained rocks. For example, the division between siltstone and claystone may 
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains 
cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the 
grains are not distinguishable with a hand lens, the rock is a claystone. 
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FIGURE 4 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

Particle Name Grain Size Diameter 
Cobbles > 64 mm 

Pebbles 4 - 64 mm 

Granules 2 - 4 mm 
Very Coarse Sand 1 - 2 mm 
Coarse Sand 0.5 - 1 mm 
Medium Sand 0.25 - 0.5 mm 
Fine Sand 0.125 - 0.25 mm 

Very Fine Sand 0.0625 - 0.125 mm 
Silt 0.0039 - 0.0625 mm 

After Wentworth, 1922 
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5.3.2 	Color 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 

Rock color charts shall not be used unless specified by the Project Manager. 

	

5.3.3 	Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 

	

5.3.4 	Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the 
rock. A relative scale for sedimentary rock hardness is as follows: 

• Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail. 
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

• Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges 
from single hammer blow. 

• Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from 
single hammer blow. 

• Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be 
scratched with screwdriver. 

Note the difference in usage here of the works "scratch" and "gouge." A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the 
rock itself), while a gouge is much deeper. 

	

5.3.5 	Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing. 
After eliminating drilling breaks, the average spacing is calculated and the fracturing is described by the 
following terms: 

• Very broken (V. BR.) - Less than 2-inch spacing between fractures 
• Broken (BR.) - 2-inch to 1-foot spacing between fractures 
• Blocky (BL.) - 1- to 3-foot spacing between fractures 
• Massive (M.) - 3 to 10-foot spacing between fractures 
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The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQD 
(After Deere, 1964) 

RQD % = r/1 x 100 

r 
	

Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include 
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling), 
friable zones, etc. 

I = 	Total length of the coring run. 

	

5.3.6 	Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles 
and is also useful in engineering designs. The following terms can be applied to distinguish the degree of 
weathering: 

• Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and rock 
has a bright appearance. 

• Slight -Rock has some staining which may penetrate several centimeters into the rock. Clay filling of 
joints may occur. Feldspar grains may show some alteration. 

• Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened due to 
weathering and can be easily broken with hammer. 

• Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of 
becoming a soil. Rock is very weak. 

	

5.3.7 	Other Characteristics 

The following items shall be included in the rock description: 

• Description of contact between two rock units. These can be sharp or gradational. 
• Stratification (parallel, cross stratified). 
• Description of any filled cavities or vugs. 
• Cementation (calcareous, siliceous, hematitic). 
• Description of any joints or open fractures. 
• Observation of the presence of fossils. 
• Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 

degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation. The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 
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5.3.8 	Additional Terms Used in the Description of Rock 

   

 

The following terms are used to further identify rocks: 

    

 

• Seam - Thin (12 inches or less), probably continuous layer. 

   

 

• Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some 
shale seams." 

• Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone few 
shale seams." 

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale." 

 

 

• Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

• Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene. 

• Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-grained 
equivalent of a granite. 

• Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

• Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and hornblende. 

• Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. Loosely 
used for any coarse-grained dark igneous rock. 

The following are some basic names that are applied to metamorphic rocks: 

• Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains 
predominantly chlorite, mica, quartz, and sericite. 

Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage 
surface. 

• Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous 
minerals which dominate its composition. 

• Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

• Quartzite A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of 
quartz sand with silica cement 
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5.4 	Abbreviations 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a minimum. 
Following are some of the abbreviations that may be used: 

Revision 
1 

C 	- Coarse 
Med 	- Medium 
F 	- Fine 
V 	- Very 
SI 	- Slight 
occ 	- Occasional 

Tr 	- Trace 

Lt 	- Light YI 	- Yellow 
BR - Broken Or 	- Orange 
BL 	- Blocky SS 	- Sandstone 
M 	- 

Br 	- 
Massive 

Brown 
Sh 	- Shale 

LS 	- Limestone 
BI 	- Black Fgr - Fine-grained 

5.5 	Boring Logs and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceding sections shall be used to complete-the logs. A sample boring log 
has been provided as Figure 5. 

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring 
log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains 
space for 25 feet of log. Information regarding classification details is provided either on the back of the 
boring log or on a separate sheet, for field use. 

5.5.1 	Soil Classification 

• Identify site name, boring number, job number, etc. Elevations and water level data to be entered 
when surveyed data is available. 

• Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from 
(1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the 
proportional location between the 13- and 14-foot marks. Enter blow counts (Standard Penetration 
Resistance) diagonally (as shown). Standard penetration resistance is covered in Section 5.2.3. 

• Determine sample recovery/sample length as shown. Measure the total length of sample recovered 
from the split-spoon sampler, including material in the drive shoe. Do not include cuttings or wash 
material that may be in the upper portion of the sample tube. 

• Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey silt 
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this 
increment. This information is helpful in the construction of cross-sections. As an alternative, 
symbols may be used to identify each change in lithology. 

• The density of granular soils is obtained by adding the number of blows for the last two increments. 
Refer to Density of Granular Soils Chart on back of log sheet. For consistency of cohesive soils refer 
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the 
appropriate column. Refer to Section 5.2.3. 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 

BORING LOG 
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• Enter color of the material in the appropriate column. 

• Describe material using the USCS. Limit this column for sample description only. The predominant 
material is described last. If the primary soil is silt but has fines (clay) - use clayey silt. Limit soil 
descriptors to the following: 

- Trace: 0 - 10 percent 
- 	Some: 11 - 30 percent 
- 	And/Or: 31 - 50 percent 

• Also indicate under Material Classification if the material is fill or natural soils. Indicate roots, organic 
material, etc. 

• Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic 
groups, a borderline symbol may be used with the two symbols separated by a slash. For example 
MUCL or SM/SP. 

• The following information shall be, entered under the "Remarks" column and shall include, but is not 
limited by, the following: 

Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated. 
These terms are determined by the individual. Whatever method is used to determine moisture, 
be consistent throughout the log. 

- Angularity - describe angularity of coarse grained particles using the terms angular, subangular, 
subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms. 

Particle shape - flat, elongated, or flat and elongated. 

Maximum particle size or dimension. 

Water level observations. 

- 	Reaction with HCI - none, weak, or strong. 

• Additional comments: 

- Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss 
or gain of water. 

- Indicate odor and Photoionization Detector (P1D) or Flame Ionization Detector (FID) reading if 
applicable. 

- Indicate any change in lithology by drawing a line through the lithology change column and 
indicate the depth. This will help when cross-sections are subsequently constructed. 

At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any 
other useful information (i.e., borehole size, casing set, changeS in drilling method). 
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Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to indicate consistency of material from sample to sample, if 
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then 
vertical lines drawn to that point. 

Indicate screened interval of well, as needed, in the lithology column. Show top and bottom of 
screen. Other details of well construction are provided on the well construction forms. 

5.5.2 	Rock Classification 

• Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run 
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet. 
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns. 

• Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1. 

• Rock hardness is entered under designated column using terms as described on the back of the log 
or as explained earlier in this section. 

• Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be 
scraped clean prior to describing color. 

• Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as 
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms 
as needed. For igneous and metamorphic rock types use terms as described in Sections 5.3.8. 

• Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR, 
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log. 

• The following information shall be entered under the remarks column. Items shall include but are not 
limited to the following: 

Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as 
high, low), i.e., 70° angle from horizontal, high angle. 

- Indicate calcareous zones, description of any cavities or vugs. 
- Indicate any loss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

• Remarks at the bottom of Boring Log shall include: 

- Type and size of core obtained. 
Depth casing was set. 

- Type of rig used. 

• As a final check the boring log shall include the following: 

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock 
material. 

- If applicable, indicate screened interval in the lithology column. Show top and bottom of screen. 
Other details of well construction are provided on the well construction forms. 
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5.5.3 	Classification of Soil and Rock from Drill Cuttings 

The previous sections describe procedures for classifying soil and rock samples when cores are obtained. 
However, some drilling methods (air/mud rotary) may require classification and borehole logging based on 
identifying drill cuttings removed from the borehole. Such cuttings provide only general information on 
subsurface lithology. Some procedures that shall be followed when logging cuttings are: 

• Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary 'drilling) to 
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future 
reference, and label the jar or bag (i.e. hole number, depth, date, etc.). Cuttings shall be closely 
examined to determine general lithology. 

• Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

• Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture 
locations or lithologic changes. 

• Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential 
fracture zones. 

• Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock 
core sampling methods be used at selected boring locations during the field investigation to provide 
detailed information to supplement the less detailed data generated through borings drilled using air/mud 
rotary methods. 

5.6 	Review 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include: 

• Checking for consistency of all logs. 
• Checking for conformance to the guideline. 
• Checking to see that all information is entered in their respective columns and spaces. 

6.0 	REFERENCES 

Unified Soil Classification System (USCS). 

ASTM D2488, 1985. 

Earth Manual, U.S. Department of the Interior, 1974. 

7.0 	RECORDS 

Originals of the boring logs shall be retained in the project files. 
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1.0 	PURPOSE 

This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing (slug 
testing) in boreholes and monitoring wells, and provide a short description of commonly used evaluation 
techniques for the data generated. Slug tests are used to provide data regarding the hydraulic properties 
of the formation tested. A variation of the slug test, called a constant-head test, is also briefly described. 

	

2.0 	SCOPE 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring. These tests 
are much less accurate than pumping tests, as a much more localized area is involved. Therefore, a 
number of slug tests are typically performed and averaged to determine a representative hydraulic 
conductivity value for the formation tested. Performance of slug tests may be preferable to pumping tests 
in situations where handling of large volumes of contaminated water is a concern or when time/budget 
constraints preclude the more expensive and time-consuming setup and performance of a pumping test. 

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests 
with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant-head 
tests is that a significant volume of water may be added to high-permeability formations, potentially 
affecting short-term water quality. 

	

3.0 	GLOSSARY 

Hydraulic Conductivity (K) - A quantitative measure of the ability of a porous material to transmit water, 
defined as the volume of water that will flow through a unit cross-sectional area of porous material per unit 
time under a head gradient of 1. Hydraulic conductivity is dependent upon properties of the medium and 
fluid. Common units of expression include centimeters per second (cm/sec), feet per day (ft/day), and 
gallons per day per foot2  (gpd/ft2). 

Transmissivity (T) - A quantitative measure of the ability of an aquifer to transmit water. The product of 
the hydraulic conductivity times the saturated thickness. 

Slug Test - A rising head or falling head test used to measure hydraulic conductivity. A slug test consists 
of instantaneously changing the water level within a well and measuring the rate of recovery of the water 
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising head 
test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug of 
known volume can be used to displace a volume of water, thereby simulating the addition or removal of 
water. 

	

4.0 	RESPONSIBILITIES 

Project Hydrogeologist - The project hydrogeologist, in conjunction with the Project Manager, shall 
evaluate the type(s) and extent of hydraulic testing required for a given project during the planning 
process, and design the field program accordingly. The project hydrogeologist also shall ensure that field 
personnel have the necessary training and guidance to properly perform the tests, and shall oversee data 
reduction activities, including selecting the appropriate evaluation techniques and checking calculations 
for accuracy. 

Revision 

1 
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Field Geologist - The field geologist is responsible for performing the planned field tests as specified in the 
project planning documents, (or approved modifications thereto). The field geologist also generally 
assists in the data evaluation process. The field geologist shall be knowledgeable in the testing 
methodologies used and is responsible for obtaining the necessary support equipment required to perform 
the field tests. All applicable data regarding testing procedures, equipment used, well construction, and 
geologic/hydrogeologic conditions shall be recorded by the field geologist. The field geologist shall be 
familiar enough with testing procedures/requirements to be able to recommend changes in methodology, 
should unanticipated field conditions be encountered. 

	

5.0 	PROCEDURES 

	

5.1 	In-situ Hydraulic Conductivity Testing in Wells 

Slug tests are commonly performed in completed wells. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the 
well has stabilized at its static level, it shall be quickly raised or lowered and the rate of recovery 
measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid 
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent 
volume of water and raise the water level within the well. The slug can be left in place until the water level 
restabilizes at the static water level, then suddenly removed to create a drop in water level within the well. 
An advantage of using a solid cylinder of known volume (slug) to change the water level is that no water is 
removed or added to the monitoring well. This eliminates the need to dispose of contaminated water 
and/or add water to the system. A bailer or pump can be used to withdraw water from the well. If a pump 
is used, pumping shall not continue for more than several seconds so that a cone of depression is not 
created which would adversely impact testing results. The pump hose shall also be removed from the 
well during the recovery period, as data analysis techniques involve volume of recovery versus time, and 
leaving the hose within the well would distort the calculated testing results by altering the apparent volume 
of recovery. Falling head slug tests should only be performed in wells with fully submerged screens, while 
rising head slug tests can be performed in wells with either partially or fully submerged screens/open 
intervals. 

Other methods that can be used to change water levels within a well include creating a vacuum or a high 
pressure environment within the well. The vacuum method will raise water levels within the well, while the 
pressure method will depress the water level in the well. These methods are particularly useful in highly 
permeable formations where other methods are ineffective in creating measurable changes in water 
levels. Both of these methods are limited to wells which have completely submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until 
water level recovery exceeds 90 percent of the initial change in water level. In low permeability 
formations, the test may be cut-off short of 90 percent recovery due to time constraints. Time intervals 
between water level readings will vary according to the rate of recovery of the well. For a moderately fast 
recovering well, water level readings at 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 4.0, . . . 
minutes may be required. With practice, readings at down to 0.05-minute (3 seconds) time intervals can 
be obtained with reasonable accuracy, using a pressure transducer and hand held readout. For wells 
which recover very fast, a pressure transducer and data logger may be required to obtain representative 
data. Time intervals between measurements can be extended for slow recovering wells. A typical 
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schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 
6.0, 8.0, 10.0, 15.0, 20.0, 30.0, . . . minutes from the beginning the test. Measurements shall be taken 
from the top of the well casing. 

Water level measurements can be obtained using an electric water level indicator, popper, or pressure 
transducer. Steel tape coated with chalk or water sensitive paste although very accurate, is a slower 
method of obtaining water levels and is generally not recommended for use due to the frequency at which 
water level measurements need to be obtained during the performance of a slug test. 

Time/recovery should be field-plotted on semilog graph paper to determine the data quality. The data set 
should plot along a sloped, straight line. If excessive data scatter is observed, the test should be rerun 
until acceptable results are obtained. 

The following data shall be recorded when performing slug tests in wells or borings: 

• Well/boring ID number 
• Total depth of well/boring 
• Screened/open interval depth and length 
• Gravel pack interval depth and length 
• Well stickup above ground surface 
• Gravel pack radius 
• Static water level 
• Aquifer thickness 
• Depth to confining layer 
• Time/recovery data 

A variation of the slug test, called a constant-head test, is a test in which water is added to the well at a 
measured rate sufficient to maintain the water level in the well at a constant height above the static water 
level. Once a stable elevated water level has been achieved, discharge (pumping) rate measurements 
are recorded in place of time/recovery data for approximately 10 to 20 minutes. The hydraulic 
conductivity is then calculated from this information. 	The constant-head test is generally not 
recommended for monitoring wells as large volumes of water may be introduced into the screened 
formation, potentially impacting later sampling events. 

5.2 	In-situ Hydraulic Conductivity Testing in Borings 

Slug tests can be performed in borings while the boring is being advanced. This permits testing of 
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled using 
casing, so that discrete depths may be investigated. Various tests and testing methods are described 
below. The most appropriate test and testing method to be used in a situation varies and shall be 
selected after a careful evaluation of drilling, geologic, and general site conditions. 

Rising head or falling head slug tests can be performed in saturated and unsaturated formations during 
drilling. There are two ways that the tests can be performed. One way entails setting the casing flush 
with the bottom of the boring when the desired testing depth has been reached. The hole is then cleaned 
out to remove loose materials, the drill bit and rods are carefully withdrawn from the boring, and a few feet 
of sand (of higher permeability than the surrounding formation) is added to the bottom of the boring. After 
the water level in the boring has stabilized (for saturated formations), the static water level is measured 
and recorded. The water level is then raised (falling head test) or lowered (rising head test) and the 
change in water level is measured at time intervals determined by the field hydrogeologist. Only falling 
head tests can be performed for depth intervals within the unsaturated (vadose) zone. As described for 
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wells, time intervals for water level measurements will vary according to the formation's hydraulic 
conductivity. The faster the rate of recovery expected, the shorter the time intervals between 
measurements shall be. The rate of change of water level will be used to calculate hydraulic conductivity. 
The test is to be conducted until the water level again stabilizes, or for a minimum of 20 minutes. In low 
permeability formations, it is not always practical to run the test until the water level stabilizes, as it may 
take a long time to do so. The top of the casing shall be used as the reference point for all water level 
measurements. 

The second method for conducting a slug test during drilling consists of placing a temporary well with a 
short screen into the cleaned-out boring, pulling the drilling casing back to expose the screen, allowing the 
formation to collapse around the screen (or placing a sand/gravel pack around the screen), and 
performing the appropriate hydraulic conductivity test in the well, as described for the first method. Again, 
the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This method 
allows for testing a larger section of the formation and results in more reliable hydraulic conductivity 
estimates. 

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stable 
elevated level has been achieved, the discharge rate into the boring is measured for a period of time, 
usually 10 to 20 minutes, and the hydraulic conductivity is calculated from this. This method is the most 
accurate method depicted in this section, and shall be given preference over others if the materials are 
available to perform the test and the addition of water to the boring does not adversely impact project 
objectives. Once the test is over, additional information can be gathered by measuring the rate of the 
drop in water level in the boring (for saturated formations). A limitation of the constant-head test is that 
foreign water is introduced into the formation which must be removed from the well area by natural or 
artificial means, before a representative groundwater sample can be obtained. 

Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and subsequent 
data analysis techniques are provided in Ground Water Manual (1981). 

5.3 	Data Analysis 

There are a number of data analysis methods available to reduce and evaluate slug testing data. The 
determination of which method is most appropriate shall be made based on the testing conditions 
(including physical setup of the well/boring tested, hydrogeologic conditions, and testing methodology) 
and the limitations of each test analysis method. Well construction details, aquifer type (confined or 
unconfined), and screened/open interval (fully or partially penetrating the aquifer) shall be taken into 
account in selecting an analysis method. Cooper, et al. (1967), and Papadapulos, et al. (1973) have 
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951) 
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium. In 
Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety of 
hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations. Bouwer and 
Rice (1976) developed an analytical technique applicable to both unconfined and confined conditions, 
which factors in partial/full penetration and discusses well screen gravel pack considerations. The 
Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells and 
borings open above or below the water table, and for both falling head and constant-head tests. The 
methods described above do not represent a complete listing of test analysis methods available, but are 
some of the more commonly used and accepted methods. Other methods can be used, at the discretion 
of the project hydrogeologist and in concurrence with the Project Manager and client. 

One consideration to be noted during data analysis is the determination of the screened/open interval of a 
tested well. If a well with a fully submerged screen is installed in a relatively low permeability formation, 
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and a gravel pack which is significantly more permeable is installed around the screen, the length of the 
gravel pack (if longer than the screened interval) should be used as the screened/open length, rather than 
the screen length itself. In situations where the formation permeability is judged to be comparable to the 
gravel pack permeability (within about an order of magnitude) this adjustment is not required. 

All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project central file. 

	

6.0 	REFERENCES 

Cedergren, H. R., 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York, 
pp. 78-76. 

Cooper, H. H., Jr., J. D. Bredehoeft, and I. S. Papadopulos, 1967. Response of a Finite-Diameter Well to 
an Instantaneous Change of Water. Water Resources Research, V. 3, No. 1, pp. 263-269. 

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Ground Water Observations. U.S. Army Corps 
of Engineers, Waterways Experiment Station, Washington, D.C., Bull. No. 36. 

Papadopulos, I. S., J. D. Bredehoeft, and H. H. Cooper, 1973. On the Analysis of Slug Test Data. Water 
Resources Research, V. 9, No. 4, pp. 1087-1089. 

Bouwer, H. and R. C. Rice, 1976. "A Slug Test for Determining Hydraulic Conductivity of Unconfined 
Aquifers with Completely or Partially Penetrating Wells." Water Resources Research, 12:423-28. 

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing Office, 
Denver, Colorado. 

	

7.0 	RECORDS 

Field data shall be recorded on the data sheet included as Attachment A (or equivalent). 1 Any notes 
regarding testing procedures, problems encountered, and general observations not included on the data 
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction 
diagrams for each well/boring tested shall be used as references during testing and data analysis 
activities. Original data sheets shall be placed in the project file, along with the logbook/notebook. 

1 If an automated data recorder is used, the data may be displayed using the printer output from the unit. Such 
printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A. 
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ATTACHMENT A 
EXAMPLE HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

PROJECT NAME: 	  WELL/BORING NO.: 	  

PROJECT NO.: 
	 GEOLOGIST: 	  

WELL DIAMETER 	  SCREEN LENGTH/DEPTH: 	  TEST NO.: 	  

STATIC WATER LEVEL (Depth/Etiolation): . 
	 DATE: 	  

TEST TYPE (Fileing/FallIng/Constant Head):. 	  CHECKED: 	  

METHOD OF INDUCING WATER LEVEL CHANCE:. 	  PACE OF 	 

REFERENCE PT. FOR Wt. MEAS. (Top of Casing. Transducer. etc.): 	  

ELAPSED 

(min. or sec.) 

MEASURED 
WATER LEVEL 

(feet) 

DRAWDOWN 
OR HEAD OH) 

(feet)  

ELAPSED 
TIME 

(men. or eec.) 

MEASURED 
WATER LEVEL 

DRAWDOWN 
OR HEAD (AH) 

(feet) 

Indicate SWL. 
Depth on Drawing 
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PURPOSE 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

	

2.0 	SCOPE 

This procedure is applicable to the construction of monitoring wells. The methods described herein may 
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory 
agencies have specific regulations pertaining to monitoring well construction and permitting. These 
requirements must be determined during the project planning phases of the investigation, and any 
required permits must be obtained before field work begins. Innovative monitoring well installation 
techniques, which typically are not used, will be discussed only generally in this procedure. 

	

3.0 	GLOSSARY 

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a 
groundwater level and groundwater sample representative of the zone being monitored. Some monitoring 
wells may be constructed as open boreholes. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the bottom 
and to the atmosphere at the top, and used to measure water level elevations. Piezometers may range in 
size from 1/2-inch-diameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to 
the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with 
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection 
and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples for water 
quality data. 

	

4.0 	RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 
experienced and efficient labor force capable of performing all phases of proper monitoring well 
installation and construction. The driller may also be responsible for obtaining, in advance, any required 
permits for monitoring well installation and construction. 

Field Geologist - The field geologist supervises and documents well installation and construction 
performed by the driller, and insures that well construction is adequate to provide representative 
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable 
trained personnel may also serve in this capacity. 
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5.0 	PROCEDURES 

	

5.1 	Equipment/Items Needed 

Below is a list of items that may be needed when installing a monitoring well or piezometer: 

• Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer. 

• Well drilling and installation equipment with associated materials (typically supplied by the driller). 

• Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule, 
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook). 

• Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe 
wrenches, drive points, riser pipe, and end caps). 

	

5.2 	Well Design  

The objectives and intended use for each monitoring well must be clearly defined before the monitoring 
system is designed. Within the monitoring system, different monitoring wells may serve different 
purposes and, therefore, require different types of construction. During all phases of the well design, 
attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials used. The objectives for installing the monitoring wells may include: 

• Determining groundwater flow directions and velocities. 
• Sampling or monitoring for trace contaminants. 
• Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow directions and potential well locations can be determined by an 
experienced hydrogeologist through the review of geologic data and the site terrain. In addition, data from 
production wells or other monitoring wells in the area may be used to determine the groundwater flow 
direction. If these methods cannot be used, piezometers, which are relatively inexpensive to install, may 
have to be installed in a preliminary investigative phase to determine groundwater flow direction. 

5.2.1 	Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of each 
investigation. Specification of these items generally depends on the purpose of the monitoring system 
and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter, 
and monitored interval can be employed in the same groundwater monitoring system. For instance, 
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine 
the vertical gradient and the depths at which contaminants are present. Conversely, a fully penetrating 
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples 
collected in wells that are screened over the full thickness of the water-bearing zone will be representative 
of average conditions across the entire monitored interval. However, fully penetrating wells can be used 
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends 
upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling method and 
cost. 
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The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

The vertical location of the contaminant source in relation to the water-bearing zone. 

The depth, thickness and uniformity of the water-bearing zone. 

The anticipated depth, thickness, and characteristics ( 
	

density relative to water) of the 
contaminant plume. 

Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge 
events). 

The presence and location of contaminants encountered during drilling. 

Whether the purpose of the installation is for determining existence or non-existence of contamination 
or if a particular stratigraphic zone is being investigated. 

The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are 
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on 
the application. In determining well diameter, the following needs must be considered: 

• Adequate water volume for sampling. 
• Drilling methodology. 
• Type of sampling device to be used. 
• Costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 inches. Drive points are typically 1-1/4 or 2 inches in 
diameter. For monitoring programs which require screened monitoring wells, either a 2-inch or 4-inch-
diameter well is preferred. Typically, well diameters greater than 4 inches are used in monitoring 
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, the volume 
of stagnant water in the well is minimized, and well construction costs are reduced; however, the sampling 
devices that can be used are limited. 

In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water 
may be required for a single sample to account for full organic and inorganic analyses, and split samples), 
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water 
contained within a monitoring well is dependent on the well diameter as follows: 

Casing Inside 
Diameter (Inch) 

Standing Water Length to Obtain 
1 Gallon Water (Feet) 

2 6.13 
4 1.53 
6 0.68 

If a well recharges quickly after purging, then well diameter may not be an important factor regarding 
sample volume requirements. 
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Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of 
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during 
drilling or after well installation is completed. 

5.2.2 	Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an 
additional specification of slot size. Thickness of pipe is referred to as "Schedule" for polyvinyl chloride 
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often 
referred to as "Strength". Standard Strength is usually adequate for monitoring well purposes. With larger 
diameter pipe, the wall thickness must be greater to maintain adequate strength. The required thickness 
is also dependent on the method of installation; risers for drive points require greater strength than wells 
installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B. 
Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are 
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity 
for water contamination due to well materials. PVC has many advantages, including low cost, excellent 
availability, light weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC 
may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the 
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an 
important factor when considering the size of bailers or pumps required for sampling or testing. Due to 
this problem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode 
and release metal ions or chemically react with organic constituents, but this is considered a minor issue. 
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and 
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC 
may release organic contaminants into the well, and therefore, should not be used if the well is to be 
sampled for organic constituents. 

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials, 
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally used 
when a screen is necessary, and the annular borehole space around the screened interval is artificially 
packed with an appropriately sized sand, selected based on formation grain size. The slot size controls 
the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen 
shall pass no more than 10 percent of the pack material, or in-situ aquifer material. The site geologist 
shall specify the combination of screen slot size and sand pack which will be compatible with the water-
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the 
wells. For example, as a standard procedure, a Morie No. 1 or No. 10 to No. 20 U.S. Standard Sieve size 
filter pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to No. 40 U.S. Standard 
Sieve size filter pack is typically appropriate for a 0.010-inch slot screen. 
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5.2.3 	Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a medium-
to coarse-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then 
placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is 
allowed to collapse around the well screen after the well is installed. This method has been used where 
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the 
bentonite pellets, extending to the surface. The grout effectively seals the remaining borehole annulus 
and eliminates the possibility for surface infiltration reaching the screened interval. Grouting also replaces 
material removed during drilling and prevents hole collapse and subsidence around the well. A tremie 
pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to provide a 
better seal. In shallow boreholes that don't collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal. G rout, most of the time, is made up of one or two 
assemblages of material, (e.g., cement and/or bentonite). A cement-bentonite grout, which is the most 
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite, 
and water at a ratio of one 90-pound bag of Portland Type I cement, plus 3 to 5 pounds of granular or 
flake-type bentonite, and 6-7 gallons of water. A neat cement consists of one ninety-pound bag of 
Portland Type I cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick 
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of 
bentonite pellets is difficult. Bentonite chips are also occasionally used for annular backfill in place of 
grout. 

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation depth. 
For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or sand. A 
short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below the 
screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure that 
the entire screen surface remains unobstructed. 

	

5.2.4 	Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is typically placed over 
the top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. The 
protective casing has a larger diameter than the well and is set into the wet cement grout over the well 
upon completion. In addition, one hole is drilled just above the cement collar through the protective casing 
which acts as a weep hole for the flow of water which may enter the annulus during well development, 
purging, or sampling. 
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking 
lot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe 
is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place to 
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement 
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is 
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away 
from the well head. 

5.3 	Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

	

5.3.1 	Monitoring Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed. If the 
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be 
installed and well installation will proceed through the center of the temporary casing, and continue as the 
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers will 
act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on 
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections are 
screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed. 
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress. The sand is slowly poured into the annulus between the riser pipe and temporary casing, as the 
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order 
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater than 
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may occur. 
Centralizers may be used at the geologist's discretion, one above and one below the screen, to assure 
enough annular space for sand pack placement. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the 
bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. Pellets should be added slowly 
and their fall monitored closely to ensure that bridging does not occur. 

The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers 
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4. 

	

5.3.2 	Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be applied 
to avoid cross contamination between aquifers. Under most conditions, this can be accomplished by 
installing double-cased wells. This is accomplished by drilling a large-diameter boring through the upper 
aquifer, 1 to 5 feet into the underlying confining layer, and setting and pressure grouting or tremie grouting 
a large-diameter casing into the confining layer. The grout material must fill the space between the native 
material and the outer casing. A smaller diameter boring is then continued through the confining layer for 
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installation of the monitoring well as detailed for overburden monitoring wells. 
by the field geologist), must be allowed for setting of the grout prior to drilling through 
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5.4 	Well Development Methods 

of the gravel pack around 
been reduced by drilling 

is removed from the well. 
during development may 

has been performed. The 
and is based on the drilling 

formation that the well is 
below. 	A more detailed 

The purpose of well development is to stabilize and increase the permeability 
the well screen, and to restore the permeability of the formation which may have 
operations. Wells are typically developed until all fine material and drilling water 
Sequential measurements of pH, conductivity, turbidity, and temperature taken 
yield information (stabilized values) regarding whether sufficient development 
selection of the well development method shall be made by the field geologist 
methods, well construction and installation details, and the characteristics of the 
screened in. 	The primary methods of well development are summarized 
discussion may be found in Driscoll (1986). 
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space. Volumes of backfill significantly higher than the calculated volume may indicate a problem such as 
a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials. 
Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee. 
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5.4.2 	Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is 
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the 
screens. This movement of water pulls fine materials into the well, where they may be removed by any of 
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of 
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger 
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow 
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging. 

-57473--Gempfesseel-Air--- 

6.0 RECORDS RECORDS 

seecequently done'zing th' air  lift-method 

A critical part of monitoring well installation is recording of all significant details and events in the site 
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological 
features, screen placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type of all 
backfill materials shall be recorded. Additional information shall include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information will 
need to be recorded, depending on whether the well is completed in overburden (single- or double-cased), 
as a cased well in bedrock, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall 
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular 
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ATTACHMENT A 

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT) 
Potentially-Deteriorating 
Substance 

Type of Casing Material 

PVC 1 anized 
Stee 

Carbon 
Steel 

Lo-carbon 
Steel 

Stainless 
Steel 304 

Stainless 
Steel 3 

Buffered Weak Acid 100 56 59 97 0 100 
Weak Acid 98 59 43 100 100 
Mineral Acid/ 
High Solids Content 

100 48 57 60 80 82 100 

Aqueous/Organic 
Mixtures 

64 69 73 98 00 100 

Percent Overall Rating 91 8 56 59 93 96 i li 

Preliminary Ranking of Rigid Materials: 

1 	Teflon° 	 5 	Lo-Carbon Steel 
2 	Stainless Steel 316 	 6 	Galvanized Steel 
3. 	Stainless Steel 304 	 7 	Carbon Steel 
4 	PVC 1 

* Trademark of DuPont 
RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)  

Potentially- 
Deteriorating 
Substance 

Type of Casing Material 

PVC 
Flexible 

PE 
v. 

PE 
Linear 

PMM Viton'* Silicone Neoprene T 	n 

Buffered Weak Acid 97 97 100 90 92 87 5 100 
Weak Acid 92 90 94 96 78 75 100 
Mineral Acid/ 
High Solids Content 

100 100 100 100 95 11 78 82 100 

Aqueous/Organic 
Mixtures 

62 71 40 60 9 78 4 • 44 100 

Percent Overall 
Rating 

88 90 88 78 87 72 72 100 

Preliminary Ranking of Semi-Rigid or Elastomeric Materials: 

1 	Toflori 	 5 	PE Conventional 
2 	Polypr 	 6 	Pleyiglasilucit9 (RMM) ylen 	(PP) 
3. 	PVC Flexible/PE Linear 	 7 	Silicone/Naopr nc 
4 	Vitone  

* Trademark of DuPont 

Source: Barcelona et al., 1983 
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ATTACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 
Characteristic tainless Steel PVC 

Strength Use i 	deep wells to prevent 
compre 	ion and closing of 
screen/ris r. 

Use when shear and compressive 
strength are not critical. 

Weight Relatively h 	vier. Light-weight; floats in water. 
Cost Relatively exp= sive. Relatively inexpensive. 
Corrosivity Deteriorates mo - rap .ly in corrosive 

water. 
Non-corrosive -- may deteriorate in 
presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated 
hydrocarbons. 

Ease of Use Difficult to adj 	t size or 	ngth in the 
field. 

Easy to handle and work with in the 
field. 

Preparation for 
Use 

Should b= steam cleaned if o panics 
will be 	bsequently sampled. 

Never use glue fittings -- pipes should 
be threaded or pressure fitted. Should 
be steam cleaned when used for 
monitoring wells. 

Interaction with 
Contaminants* 

y sorb organic or inorganic 
ubstances when oxidized. 

May sorb or release organic 
substances_ 

See also Attachment A. 
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1.0 	PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations. Contact 
with underground or overhead utilities can have serious consequences including employee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users. 

The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface'and overhead utility locating services. 
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees. The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to, present requirements and restrictions relevant to these types of 
activities. This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 

	

2.0 	SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities. This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services. This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement. Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific project. 
This SOP is not intended to provide a detailed description of methodology and instrument operation. 
Specialized expertise during both planning and execution of several of the methods presented may also 
be required. 

	

3.0 	GLOSSARY 

Electromagnetic Induction (EMI) Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 

Magnetometer — A device used for precise and sensitive measurements of magnetic fields. 

Magnetic Survey — A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects. 

Metal Detection — A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects. 

Vertical Gradiometer — A magnetometer equipped with two sensors that are vertically separated by a fixed 
distance. It is best suited to map near surface features and is less susceptible to deep geologic features. 

Ground Penetrating Radar — Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter. Some portion of the signal will be reflected from 
the subsurface material, which is then recorded with a receiver and electronically converted into a graphic 
picture. 
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4.0 	RESPONSIBILITIES 

Project Manager (PM)/Task Order Manager (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 

Site Manager (SM)/Field Operations Leader (F01.) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPs or as otherwise directed by the approved 
project plan(s). 

Site Health & Safety Officer (SHSOI — Responsible to provide technical assistance and verify full 
compliance with this SOP. The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PM/TOM. 

Health & Safety Manager (HSM) — Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 

Site Personnel — Responsible for performing their work activities in accordance with this SOP and the TtNUS 
Health and Safety Policy. 

	

5.0 	PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services. These procedures are addressed 
individually from a buried and overhead standpoint. 

	

5.1 	 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence and/or location is unknown or incorrectly known on 
client properties. This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services. In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 

Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PM/TOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 

	

1. 	A comprehensive review must be made of any available property maps, blue lines, or as-builts 
prior to site activities. Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities. 
Information regarding utility locations shall be added to project maps upon completion of this 
exercise. 

	

2., 	A visual site inspection must be performed to compare the site plan information to actual field 
conditions. Any findings must be documented and the site plan/maps revised. The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities. The site inspection .should 
focus on locating surface indications of potential underground utilities. Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions. Note 
the location of any emergency shut off switches. Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PM/TOM. 

3. If the planned work is to be conducted on private property (e.g., militaty installations, 
manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel .  

(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements. It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities. 

4. If the work location is on public property, the state agency that performs utility clearances must be 
notified (see Attachment 1). State "one-call" services must be notified prior to commencing 
fieldwork per their requirements. Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation. Such services typically assign a "ticket" number to the 
particular site. This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again. The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame. It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers. Given this situation, "one call" systems may still be required to 
provide location services on military installations. 

5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 
accepted means. The location of all utilities must be noted on a field sketch for future inclusion on 
project maps. Utility locations are to be identified using the following industry-standard color code 
scheme, unless the property owner or utility locator service uses a different color code: 

	

white 	excavation/subsurface investigation location 

	

red 	electrical 

	

yellow 	gas, oil, steam 

	

orange 	telephone, communications 

	

blue 	water, irrigation, slurry 

	

green 	sewer, drain 

6. Where utility locations are not confirmed with a high degree of confidence through drawings, 
schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation. In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools. Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP. Each 
method has advantages and disadvantages including complexity, applicability, and price. It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

7. At each location where trenching or excavating will occur using a backhoe or other heavy 
equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass. If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation. 

8. All utilities uncovered or undermined during excavation must be structurally supported to prevent 
potential damage. Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM. 	All repairs require that the line be 
locked-out/tagged-out prior to work. 
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5.2 	Overhead Power Lines 

If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician. If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 

The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 

Nominal Voltage Minimum Clearance 
0 -50 kV 	10 feet, or one mast length; whichever is greater 

50+ kV 	10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 
mast lengths; whichever is greater 

6.0 	UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed. The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 

Elerderurvgnetic Ind' vin 
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6.2 	Passive Detection Surveys 

Acoustic-eurveys 

Acoustic looation methods are generally rno,:t applicable to vorpriinps nr oas Hoeg A highly sensitive 
Acoustic Rocoiver listens for background sounds of water flowing (at joints, leaks, etc) or to sounds  

-losatiion-of-plastis-gastines. 

Vacuum Excavation 

Vacuum excavation is used to physically expose utility services. The process involves removing the 
surface material over approximately a 1' x 1' area at the site location. The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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debris. This process ensures the integrity of the utility line during the excavation process, as no hammers, 
blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the risk of 
damage to utilities. The process continues until the utility is uncovered. Vacuum excavation can be used 
at the proposed site location to excavate below the "utility window" which is usually 8 feet. 

Hand Excavation 

When the identification and location of underground utilities cannot be positively confirmed through 
document reviews and/or other methods, borings and excavations may be cleared via the use of non-
conductive hand tools. This should always be done in conjunction with the use of detection equipment. 
This would be required for all locations where there is a potential to impact buried utilities. The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site. This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region. Attachment 2 presents frost line depths for the regions of the 
contiguous United States. At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs). For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig auger 
or bit prior to drilling. For soil gas surveys, the survey probe shall be placed as close as possible to the 
cleared hand excavation. It is important to note that a post-hole digger must not be used in this type of 
hand excavation activity. 

Tile-Probe-Surveys,  

7.0 	INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 

1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 
specified by the client or property owner. 

2. Notify the property owner and/or client that the locations are marked. At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utility clearance. 

Note: Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

3. Notify "One Call" service. if possible, arrange for an appointment to show the One Call 
representative the surface locations or excavation boundaries in person. This will provide a better 
location designation to the utilities they represent. You should have additional drawings should 
you need to provide plot plans to the One Call service. 

4. Implement supplemental utility detection techniques as necessary and appropriate to conform 
utility locations or the absence thereof. 
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5. 	Complete Attachment 3, Utility Clearance Form. This form should be completed for each 
excavation location. In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form. Upon completion, the Utility Clearance Form and 
revised/annotated utility location map becomes part of the project file. 

	

8.0 	REFERENCES 

OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
TtNUS Utility Locating and Clearance Policy 
TtNUS SOP GH-3.1; Resistivity and Electromagnetic Induction 
TtNUS SOP GH-3.2; Magnetic and Metal Detection Surveys 
TtNUS SOP GH-3.4; Ground-penetrating Radar Surveys 
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Alabama 
Alabama One-Call 
1-800-292-8525 

Alaska 
Locate Cat Center of Alaska, Inc. 
1-800-478-3121 

Arizona 
Arizona Slue Stake 
1-800-782-5348 

Arkansas 
Arkansas One Call System, Inc 
1-800-482-8998 

California 
Underground Service Alert North 
1-800-227-2600 
Underground Service Alert of Southern 

California 
1-800-227-2600 

Colorado 
Utility Notification Center of Colorado 
1-800-922-1987 

Connecticut 
Call Before You Dig 
1-800-922-4455 

Delaware 
Miss Utility of Delmarva 
1-800-282-8555 

Florida 
Sunshine State One-Call of Florida, Inc. 
1-800-432-4770 

Georgia 
Underground Protection Center, Inc. 
1-800-282-7411 

Hawaii 
Underground Service Alert North 
1-800-227-2600 

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DIRECTORY 

Iowa 
Iowa One-Cell 
1-800-292-8989 

Kansas 
Kansas One-Cat System, Inc. 
1.800-344-7233 

Kentucky 
Kentucky Underground Protection Inc. 
1-800-752-6007 

Louisiana 
Louisiana One Call. System. Inc. 
1-800-272-3020 

Maine 
Dig Safe System, Inc. 
1-888-344-7233 

Maryland 
Miss Uttity 
1-800-257-7777 
Miss Utility of Delmarva 
1-800-282-8555 

Massachusetts 
Dig Safe System, Inc. 
14388-344-7233 

Michigan 
Miss Dig System. Inc. 
1-800-482-7171 

Minnesota 
Gopher State One Cali 
1-800-252-1168 

Mississippi 
Mississippi One-Call System, Inc 
1-800-227-6477 

Missouri 
Missouri One-Call System, Inc 
1-800-344-7483 

New Jersey 
New Jersey One Call 
1-800-272-1000 

New Mexico 
New Mexico One Call System, Inc. 
1-800-321-2537 
Las Cruces- Dona Ana Blue Stakes 
1-888-528-0400 

New York 
Dig Safely New York 
1.800-962-7962 
New York City- Long Island One Call 

Center 
1-800-272-4480 

North Carolina 
The North Carolina One-Call Center, 

Inc. 
1-800-632-4940 

North Dakota 
North Dakota One-Call 
1-800-795-0555 

Ohio 
Ohio Utilities Protection Service 
1-800-362-2764 
Oil & Gas Producers Underground 

Protect'n Svc 
1-600-925-0988 

Oklahoma 
Call Okie 
1-800-522-6543 

Oregon 
Oregon Utility Notification Center/One 

Call Concepts 
1-800332-2344 

Pennsylvania 
Pennsylvania One Call System, Inc 
1-800-242-1776 

Idaho 
Dig Line Inc. 
1-800-342-1585 
Kootenai County One-Cat 
1-800-428-4950 
Shoshone - Benewah Orie-Call 
1-800-398-3285 

Illinois 
JULIE, Inc. 
1-800-892-0123 
Digger (Chicago Utility Alert Network) 
312-744-7000 

Indiana 
Indiana Underground Plant Protection 

Service 
1-800-382-5544 

Montana 
Utilities Underground Protection Center 
1-800-424-5555 
Montana One Call Center 
1-800-551-8344 

Nebraska 
Diggers Hotline of Nebraska 
1-800-331-5666 

Nevada 
Underground Service Afert North 
1-800-227-2600 

New Hampshire 
Dig Safe System, Inc. 
1-888-344-7233 

Rhode Island 
Dig Safe System, Inc. 
1-888-3447233 

South Carolina 
Palmetto Utility Protection Service Inc. 
1-88&721-7877 

South Dakota 
South Dakota One Call 
1-800-781-7474 

Tennessee 
Tennessee One-Cat System, Inc. 
1-800.351-1111 
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Texas 
Texas One Call System 
1-800-245-4545 
Texas Excavation Safety System. Inc. 
1-800-344-8377 
Lone Star Notification Center 
1-800-669-8344 

Utah 
Slue Stakes of Utah 
1-800-682-4111 

Vermont 
Dig Sate System, Inc 
1-888-344-7233 

Virginia 
Miss Utility of Virginia 
1-800-552-7001 
Miss Utility (Northern Virginia) 
1-800-257-7777 

ATTACHMENT 1 (Continued 

Washington 
Utilities Underground Location Center 
1-800-424-5555 
Northwest Utility Notification Center 
1-800-553-4344 
Inland Empire Utility Coordinating 

Council 
500-458-8000 

West Virginia 
Miss Utility of West Virginia, Inc. 
1-800-245-4848 

Wisconsin 
Diggers Hotline, Inc. 
1-800-242-8511 

Wyoming 
Wyoming One-Call System, Inc. 
1-800-348-1030 
Call Before You Dig of Wyoming 
1-800-849-2476 

District of Columbia 
Miss Utility 
1-800-257-7777 

Alberta 
Alberta One-Call Corporation 
1-800-242-3447 

British Columbia 
BC One Call 
1-800-474.6886 

Ontario 
Ontario One-Call System 
1-800-400-2255 

Quebec 
Info-Excavation 
1-800-663-9228 
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Courtesy U.S. Department Of Commerce 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client: 	 Project Name: 	  

Project No.: 	Completed By: 	  

Location Name: 	Work Date: 	  

Excavation Method/Overhead Equipment: 	  

Underground Utilities 
	

Circle One  

a) Review of existing maps? 	 yes no N/A 

b) Interview local personnel? 	 yes no N/A 

c) Site visit and inspection? 	 yes no N/A 

d) Excavation areas marked in the field? 	 yes no N/A 

e) Utilities located in the field? 	 yes no N/A 

f) Located utilities marked/added to site maps? 	 yes no N/A 

Client contact notified 	 yes no N/A 
Name 	 Telephone: 	 Date: 	  

g) State One-Call agency called? 	 yes no N/A 
Caller: 	  
Ticket Number: 	  Date: 	  

h) Geophysical survey performed? 	 yes no N/A 
Survey performed by: 	  
Method: 	  Date: 	  

i) Hand excavation performed (with concurrent use of utility 	 yes no N/A 
detection device)? 
Completed by. 	  
Total depth: feet 	 Date: 

 

   

j) Trench/excavation probed? 	 yes no N/A 
Probing completed by: 	  
Depth/frequency: 	 Date: 	  

	

2. 	Overhead Utilities 
	

Present Absent 

a) Determination of nominal voltage 	 yes no N/A 
b) Marked on site maps 	 yes no N/A 
c) Necessary to lockout/insulate/re-route 	 yes no N/A 
d) Document procedures used to lockout/insulate/re-route 	 yes no N/A 
e) Minimum acceptable clearance (SOP Section 5.2): 	  

	

3. 	Notes: 

Approval: 

Site Manager/Field Operations Leader 	 Date 
c: PM/Project File 

Program File 
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ATTACHMENT 4 
OSHA LETTER OF INTERPRETATION 

Mr. Joseph Caldwell 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
211 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7, 2003, we responded to your inquiry of September 18, 2002, regarding the 
use of hydro-vacuum equipment to locate underground utilities by excavation. After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition, a number of industry 
stakeholders, including the National Utility Contractors Association (NUCA), have provided new 
information regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry. 

Question: Section 1926.651 contains several requirements that relate to the safety of employees 
engaged in excavation work. Specifically, paragraphs (b)(2) and (b)(3) relate in part to the 
safety of the means used to locate underground utility installations that, if damaged during an 
uncovering operation, could pose serious hazards to employees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines, and further, would the use of hydro-vacuum excavation be acceptable under the 
standard? 

Answer 

Background 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651(Specific excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (b)(2) states: 

When utility companies or owners cannot respond to a request to locate underground utility 
installations within 24 hours * * or cannot establish the exact location of these installations, the 
employer may proceed, provided the employer does so with caution, and provided detection 
equipment or other ac.ggptahle 'means to locate utility installations are used. (emphasis added). 

Paragraph (b)(3) provides: 
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ATTACHMENT 4 (Continued) 

When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceptable means (emphasis 
added). 

Therefore, "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe and 
acceptable means." The preambles to both the proposed rule and the final rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15, 1987), noted that a 1972 version of this standard contained language that 
specified "careful probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equally 
effective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities  
have not been marked and detection equipment is not being used —"probing with band-held 
toots." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31, 1989): 

OSHA received two comments * * * and input from ACCSH [OSHA's Advisory Committee on 
Construction Safety and Health] * * on this provision. All commenters recommended dropping 
`such as probing with hand-held tools' from the proposed provision, because this could create a 
hazard to employees by damaging the installation or its insulation. 

In other words, the commenters objected to the use of band tools being used unless detection 
equipment was used in conjunction with them. OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Non-conductive hand tools are permitted 

This raises the question of whether the standard permits the use of hand tools alone -- without 
also using detection equipment. NUCA and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non-
conductive or insulated probes were not discussed in the rulemaking. Since they were not 
considered at that time, they were not part of the class of equipment that was thought to. be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand tools, when used with 
appropriate caution, is an "acceptable means" for locating underground utilities. 

'2 
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ATTACHMENT 4 (Continued) 

Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
"acceptable means" of locating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies  

We are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions, please feel free to contact us again by fax at: U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of Construction Standards and Compliance Assistance, fax It 
202-693-1689. You can also contact us by mail at the above office, Room N3468, 200 
Constitution Avenue, N.W., Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 
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1.0 	PURPOSE 

This Standard Operating Procedure (SOP) 
surface, and subsurface soil samples. Additionally, 
trenches to determine subsurface soil and 
samples from pits. 

	

2.0 	SCOPE 

This document applies to the collection of 
through hand digging, hand augering, drilling, 
laboratory testing, onsite visual examination, 

	

3.0 	GLOSSARY 

Composite Sample - A composite sample 

describes the procedures to be used to collect surface, near-
it describes the methods for sampling of test pits and 

rock conditions and for recovery of small-volume or bulk 

surface, near-surface, and subsurface soil samples exposed 
or machine excavating at hazardous substance sites for 

and onsite testing. 

is a combination of more than one grab sample from various 
and treated as one sample. This type of sample is 

average waste concentration for a specific area is required. 
for volatile organics analysis. 

of Federal Regulations 	1910.116, a confined (CFR) 	 space 

locations and/or depths and times that is homogenized 
usually collected when determination of an 
Composite samples shall not be collected 

Confined Space 	As stipulated in 29 Code 
so configured that an employee can bodily enter and perform means a space that: {1) is large enough and 

•• 'ted or restricted means for entry or exit (c.g., tanks, 	silos, storage vessels, 

TtNUS considers all confined space as 	required confined spaces. permit 

sample accurately 
It is therefore an important 

posed by the site, but 
sample location selection 

sample has been 

volatile organics (e.g., 
that do not require 

held together by threaded 

Grab Sample - One sample collected at one location and at one specific time. 

soil from the ground. Hand Auger 	A sampling device used to extract 

of the degree to which an individual 
variations at a sampling point. 

quantification of environmental threats 
design and construction. 	Proper 

important to ensure that a truly representative 

all chemical parameters other than 
etc.) and those engineering parameters 

in half lengthwise, with the halves 

Representativeness — A qualitative description 
reflects population characteristics or parameter 
characteristic not. only of assessment and 
also for providing information for engineering 
and proper sample collection methods are 
collected. 

Sample for Non-Volatile Analyses - Includes 
semivolatiles, pesticides/PCBs, metals, 
undisturbed soil for their analysis. 

Split Barrel Sampler 	A steel tube, split 

18 inch 	21 inch long samples, respectively. These split barrel samplers commonly 	in size from 2 or 	 range 

required (see Attachment B). 

• .  

chemistry exploration and/or sampling 	These 	are excavated manually or by machine (e.g., purposes. 	pits 
backhoe, clamshell, trencher, excavator, or bulldozer). 
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Thin Walled Tube Sampler A thin walled metal tube (4._,49 salted a Shelby tube) used to recover relatively 
-•e 	e-e 	e 	.••e 	 - e - e 	e 
diameter (OD) and from 18 to 54 inches in length. 

4.0 	RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, selecting 
proposed sampling locations, and selecting field procedures used in the collection of soil samples. 
Additionally, in consultation with other project personnel (geologist, hydrogeologist, etc.), the Project 
Manager establishes the need for test pits or trenches and determines their approximate locations and 
dimensions. 

Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan. This will include (but not be limited 
to) performing air quality monitoring during sampling, boring, and excavation activities and to ensure that 
workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne contaminants. 
The SSO/designee may also be required to advise the FOL on other safety-related matters regarding 
boring, excavation, and sampling, such as mitigative measures to address potential hazards from unstable 
trench walls, puncturing of drums or other hazardous objects, etc. 

Field Operations Leader (FOL) - This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples. He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures. When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit. The FOL is responsible for finalizing the locations for 
collection of surface, near-surface, and subsurface (hand and machine borings, test pits/trenches) soil 
samples. He/she is ultimately responsible for the sampling and backfilling of boreholes, test pits, and 
trenches and for adherence to Occupational Safety and Health Administration (OSHA) regulations during 
these operations through self acquisition or through the management of a field team of samplers. 

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP and/or other project-specific documents. In addition, this individual 
is responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, test pit logs, container labels, custody seals, and chain-of-custody forms) associated with the 
collection of those samples. 

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - Excavations, 
means one who is capable of identifying existing and predictable hazards in the surroundings, or working 
conditions that are unsanitary, hazardous, or dangerous to employees, and who has authorization to take 
prompt corrective measures to eliminate them. 

General personnel qualifications for groundwater sample collection and onsite water quality testing include 
the following: 

Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

• Familiarity with appropriate procedures for sample documentation, handling, packaging, and shipping. 
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5.0 	HEALTH AND SAFETY 

Health and safety precautions are identified for individual sample collection procedures throughout this 
SOP. In addition to those precautions, the following general hazards may be incurred during sampling 
activities: 

• Knee injuries from kneeling on hard or uneven surfaces 

• Slips, trips, and falls 

• Cuts and lacerations 

• Traffic hazards associated with sampling in parking areas, along roadways and highways. 

Methods of avoiding these hazards are provided below. 

Knee injuries — If kneeling is required during soil sampling, this could result in knee injuries from 
stones/foreign objects and general damage due to stress on the joints. To minimize this hazard: 

• Clear any foreign objects from the work area. 

• Wear hard-sided knee pads. 

• Stretch ligaments, tendons and muscles before, during and after. Take breaks as frequently as 
necessary. 

• Report pre-existing conditions to the SSO if you feel this activity will aggravate an existing condition. 

Slips, Trips, and Falls — These hazards exist while traversing varying terrains carrying equipment to 
sample locations. To minimize these hazards: 

• Pre-survey sampling locations. Eliminate, barricade, or otherwise mark physical hazards leading to the 
locations. 

• Carry small loads that do not restrict the field of vision. 

• Travel the safest and clearest route (not necessarily the shortest). 

Cuts and Lacerations - To prevent cuts and lacerations associated with soil sampling, the following 
provisions are required: 

• Always cut away from yourself and others when cutting tubing or rope. This will prevent injury to 
yourself and others if the knife slips. 

• Do not place items to be cut in your hand or on your knee. 

• Change blades as necessary to maintain a sharp cutting edge. Many accidents result from struggling 
with dull cutting attachments. 

• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 
the hand not using the knife. 

• Keep cutting surfaces clean and smooth. 
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• Secure items to be cut — do not hold them against the opposing hand, a leg, or other body part. 

• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 
fall, you will be less likely to get cut by broken glass. 

• DO NOT throw broken sample jars or glass ampoules into garbage bags. Place broken glass and 
glass ampoules in hard-sided containers such as a cardboard box or directly into a dumpster. DO 
NOT reach into garbage bags to retrieve any item accidentally thrown away. Empty the contents onto 
a flat surface to avoid punctures and lacerations from reaching where you cannot see. 

Vehicular and Foot Traffic Hazards — When sampling along the roadway or near traffic patterns, follow 
the following precautions: 

• Motorists may be distracted by onsite activities — ASSUME THEY DO NOT SEE YOU OR MEMBERS 
OF YOUR FIELD CREW. 

• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 
personnel to move into the flow of traffic to avoid your activities or equipment or that will create a blind 
spot. 

• Provide a required free space of travel. Maintain at least 6 feet of space between you and moving 
traffic. Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes. 

• Face Traffic. Whenever feasible, if you must move within the 6 feet of the required free space or into 
traffic, attempt to face moving traffic at all times. Always leave yourself an escape route. 

• Wear high-visibility vests to increase visual recognition by motorists. 

• Do not rely on the vehicle operator's visibility, judgment, or ability. Make eye contact with the driver. 
Carefully and deliberately use hand signals so they will not startle or confuse motorists or be mistaken 
for a flagger's direction before moving into traffic. 

• Your movements may startle a motorist and cause an accident, so move deliberately. Do not make 
sudden movements that might confuse a motorist. 

6.0 	PROCEDURES 

The following procedures address surface and subsurface sampling. 

CAUTION 
Each situation must be evaluated individually to determine the applicability and necessity 
for obtaining a utility clearance ticket/dig permit. Common sense dictates, prior to digging 

or boring with power equipment, no matter what the depth, or digging by hand in a 
manner that could damage unprotected underground utilities, that a dig permit is required. 
See SOP HS-1.0, Utility Locating and Excavation Clearance, for additional clarification. If 

you do not know or are unsure as to whether a ticket is necessary — Get the Ticket. 
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6.1 	Overview 

monitoring. Sampling of 
before they migrate to the water table, 

on aquifer solids that have the 

waste site. These variations, 
the soil. 	It is important, therefore, 

particularly noting sampling locations, 
Subsurface conditions are often 

especially with respect to temperature, 
conditions can radically alter the 

thus further altering 	specific 
products that can alter contaminant 

of degradation of this foliage must 
at-depth temperature or lower, 
and be analyzed as soon as possible 

should be removed from the sample. 

size, cohesiveness, associated moisture, 
the depth from which samples can be 

of this document to present the most 
sites. 

Collecting Soil Samples for Volatile 

such as collection in a jar with 
due to loss of volatile organic compounds 

methanol or sodium bisulfatc 

the soil horizons above the 
and can establish the 

potential of contributing to 

along with vegetation, can 
that a detailed record 

depths, and such 
stable on a daily basis and 

available oxygen 
rate of chemical reactions 
site conditions. 	Certain 

concentrations in soil. 
be recorded. 	To prevent 

protected from direct light, 
after collection. 	In 

and such factors as 
collected and the method 
commonly employed soil 

Organic Compound 

no preservation have been 
(VOCs). To prevent 

may be used to minimize 
in the field or laboratory, 

of sampling methods 
laboratory personnel is 

Method SW-846, 5035. 
performing—few-level—anatyses—(sedium 

Soil sampling is an important adjunct to groundwater 
groundwater table can detect contaminants 
amount of contamination absorbed or adsorbed 
groundwater contamination. 

Soil types can vary considerably on a hazardous 
affect the rate of contaminant migration through 
be maintained during sampling operations, 
characteristics as grain size, color, and odor. 
may demonstrate only slight seasonal variation 
and light penetration. Changes in any of these 
or the associated microbiological community, 
vegetation species can create degradation 
This is why vegetation types and extent 
degradation, samples must be kept at their 
sealed tightly in approved glass containers, 
addition, to the extent possible, vegetation 

The physical properties of the soil, its grain 
depth to bedrock and water table, will limit 
required to collect them. 	It is the intent 
sampling methods used at hazardous waste 

6.2 	Soil Sample Collection 

6.2.1 	Procedure for Preserving and 
Analysis 

Samples collected using traditional methods 
known to yield non-representative samples 
such losses, preservation of samples with 
volatilization and biodegradation. 	This preservation 
depending on the sampling methodology 
and associated equipment required, careful 
needed. 

Soil samples to be preserved by the laboratory 
For samples preserved in the field, laboratories 
bisulfatc 	 and high- to medium preservation) 

may be performed either 
employed. Because of the large number 

coordination between field and 

are currently being collected using 
are currently 

-level analyses (methanol preservation) 

steps for collecting soil samples 
to be preserved in the field with methanol 

at the Laboratory 

depending-9444e 

to be preserved at the 
er--sodium-b4641fate 

needs of the cnd user. 

The following procedures outline the necessary 
laboratory, and for collecting soil samples 

6.2.1.1 	Soil Samples to be Preserved 

obtained using a reusable sampling handle (T handle) that can be 	with the EnCoreTM sampler provided 
- 	 .- 	 -TM 	.. ... 	„ 
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1. Scene Safety Evaluate the ar a where sampling will occur. Ensure that the area is safe from 

surface being sampled, cover the ground surface with plastic to minimize surface contamination of 
your equipment and clothing. Wear knee pads to protect your knees from kneeling on hard or uneven 
surfaces. 

3. 	Load the EncoreTM sampler into the T handle with the plunger fully depressed. 

/I. 	Expose the area to be sampled using a hand trowel or similar device to remove surface debris. 

6. 	When the sampler is full, rotate the plunger and leek it into place. If the plunger does not lock, the 
sampler is not full. This method ensures there is no hoadspacc. Soft soil may require several plunges 
or forcing soil against a hard surface such as a sample trowel to ensure that hcadspace is eliminated. 

e 	---e - 	e 	e •• • 	- e- e 	•: __••e 
the sample cap and the rubber 0 ring. 

- e e 

of contamination contamination even on the outside of the containers. 

10. Label the bag with appropriate information in accordance with SOP SA 6.3. 

- 	• 	_•e _ee 

trip blanks and temperature blanks arc also in the sealer. Secure custody of the cooler in accordance 
with SOP SA 6.3. 

12. Typically, collect three EncoreTM samplers at ash location. Consult the SAP or laboratory to 
TM 

13. The T handle shall be decontaminated before moving to the next interval or location using a soap and 

documents. 

Using this typo of sampling device eliminates tho need for field- preservation and the shipping restrictions 
TM 

• - 	• . e -TM 	•• 	- - 	- 	-• 	e e- e 	-e e• 	.... 	.•: ez 	ee 
..ee 	e.. 

 

• e 

 

e e •e •-• 

 

e 	ee 

 

    

     

SOP SA 6.1). Samples must be preserved by 

 

A. • A: •e. 	e __••e - _e 	- 

 

  

•_e - 
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6.2.1.2 	Soil Samples to be Preserved in the Field 

Soil samples preserved in the field may be prepared for analyses using both the low level (sodium 
bisulfate preservation) and high- to medium-level (methanol preservation) methods. 

Safety Reminder 
When using chemicals in the field to preserve samples, the FOL and/or SSO must ensure 
that Materials Safety Data Sheets (MSDSs) have been provided with the chemicals to be 

used. They also must ensure that these chemicals have been added to the Chemical 
Inventory List contained within Section 5.0, Hazard Communication, of your Health and 
Safety Guidance Manual (HSGM). Lastly, but most importantly, the FOL and/or SSO 

must review the hazards with personnel using these chemicals and ensure that provisions 
are available for recommended PPE and emergency measures (e.g., eyewash, etc.). 

Methanol Preservation (High to Medium Level): 

Bottles may be pre-spiked with methanol in the laboratory or prepared in the field. Soil samples to be 
preserved in the field with methanol shall utilize 40 to 60 mL glass vials with septum-lined lids. Each 
sample bottle shall be filled with 25 mL of demonstrated analyte-free purge-and-trap grade methanol. The 
preferred method for adding methanol to the sample bottle is by removing the lid and using a pipette or 
scaled syringe to add the methanol directly to the bottle. 

CAUTION 
NEVER attempt to pipette by mouth 

In situations where personnel are required to spike the septum using a hypodermic 
needle, the following provisions for handling sharps must be in place: 

- Training of personnel regarding methods for handling of sharps 
- Hard-sided containers for the disposal of sharps 
- Provisions for treatment in cases where persons have received a puncture wound 

Soil shall be collected with the use of a decontaminated (or disposable), small-diameter coring device 
such as a disposable tube/plunger-type syringe with the tip cut off. The outside diameter of the coring 
device must be smaller than the inside diameter of the sample bottle neck. 

A small electronic balance or manual scale will be necessary for measuring the volume of soil to be added 
to the methanol-preserved sample bottle. Calibration of the scale shall be performed prior to use and 
intermittently throughout the day according to the manufacturer's requirements. 

The sample should be collected as follows: 

1. Weigh the unused syringe and plunger to the nearest 0.01 gram. 

2. Pull the plunger back and insert the syringe into the soil to be sampled. 

3. Collect 8 to 12 grams of soil by pushing the syringe barrel into the soil. 

4. Weigh the sample and adjust until obtaining the required amount of sample. 

5. Record the sample weight to the nearest 0.01 gram in the field logbook and/or on the sample log 
sheet. 
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6. Extrude the weighed soil sample into the methanol-preserved sample bottle 
the sample container with the syringe. 

7. If dirty, wipe soil particles from the threads of the bottle and cap. Cap the bottle 

8. After capping the bottle, swirl the sample (do not shake) in the methanol 
that all of the soil is covered with methanol. 

9. Place the sample on ice immediately and prepare for shipment to the laboratory 
SA-6.1. 

taking care not to contact 

tightly. 

and break up the soil such 

as described in SOP 

Bottles 

CAUTION 

reaction of soil 	carbonates (limestone) 	the sample to effervesce or containing 	 may cause 

aliquot should be subjected to the sample 	 If it effervesces in an open air preservative. 

may be 	in the laboratory or in the field 	sodium bisulfate solution. 	Samples to be prepared 	 with 
in the field 	the sodium bisulfate method 	to be 	and collected as follows: preserved 	using 	 arc 	prepared 

1. Add 1 	 bisulfate to 5 mL 	laboratory 	dcionizod water in a 10 to 60 mL gram of sodium 	 of 	grade 	 glass 

2. Collect Collect the soil sample and record the sample weight to the nearest 0.01 	in the field logbook or gram 
on the sample log sheet as described for methanol preservation 

ono for one. sample basis 

3. Add the weighed sample to the sample vial. 

/1. 	Collect duplicate 	 the methanol 	 a . . 	samples using 	 preservation method on 

SOP 5. 	Place the samples on ice immediately and 	for 	to tho laboratory as described in prepare 	slaipmcht 
SA 6.1. 

6.2.2 

Samples 
follows: 

NOTE 

may be to collect EnCoreTM samplers at 	 location. Consult the a given sample 	 planning 
• - 	• - 	- 

with the EncoreTM sampling 	above 	then 	all 	to the laboratory procedure 	and 	send 	samplers 

Procedure for Collecting Soil Samples for Non-Volatile Analyses 

collected for non-volatile analyses may be collected as either grab or composite samples as 
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1. 	With 

	

2. 	Remove 

soil 

4. Transfer 

5. Label 

6. Place 

7. Prepare 

stainless 

3. 	Thoroughly 

required 
sample 
obtaining 

a stainless steel trowel or other approved tool, transfer a portion of soil to be sampled to a 
steel bowl or disposable inert plastic tray. 

roots, vegetation, sticks, and stones larger than the size of a green pea. 

mix the soil in the bowl or tray to obtain as uniform a texture and color as practicable. The 
type, moisture content, amount of vegetation, and other factors may affect the amount of time 

to obtain a properly mixed sample. 	In some cases, it may be impossible to obtain a uniform 
appearance. 	Use the field logbook to describe any significant difficulties encountered in 

a uniform mixture. 

the mixed soil to the appropriate sample containers and close the containers. 

the sample containers in accordance with SOP SA-6.3. 

the containers in a cooler of ice as soon after collection as possible. 

the sample shipment and ship the samples in accordance with SOP SA-6.1. 

Cooling may not be required for 
Consult the planning documents 

conditions. 

NOTE 
analyses. 

preservation 
some samples depending on the scheduled 

if in doubt regarding correct sample 
When in doubt — Cool to 4•C. 

Head space is permitted in soil sample 
NOTE 

to allow for containers for non-volatile analyses 
sample expansion. 

When 

Use of thin walled undisturbed tube 
NOTE 

of the soil to samplers is restricted by the consistency 
be sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, 

• - 	- 	0:•• 	e• 	" 	 ete _ : _ 	... 	... 	e 	 . 

therefore their use should be weighed against the need for acquiring an undisturbed 
sample. These devices are not discussed in this SOP because they are not commonly 

used 

it is necessary to acquire undisturbed samples of coil for 	of engineering purposes 	 paramoter 
analysis 	 ability), a thin walled, seamless tube sampler (Shelby tube) shall be employed (e.g., perm using 

investigated. 	This This includes activities described in SOP HS 1.0, Utility Location and Excavation 
- 	- - 
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REMEMBER 
If you are digging near a marked utility (within the diameter of an underground utility that 

has been marked plus 18 inches), you FR-40-first  locate the utility through vacuum 
extraction or hand digging to ensure that your activities will not damage the utility. 

    

• - • • e e e 	• 

 

 

— e••e " .• e. e•," 

   

    

     

      

This checklist will be provided in the HASP. 

   

• Review the activity to be conducted. 

   

2. 	Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location and 
drill and/or clean out the borehole to tho desired sampling depth. Bc careful to minimize potential 
disturbance of the material to be sampled. In saturated material, withdraw the drill bit slowly to 

above groundwater level. 

CAUTION 
The use of bottom discharge bits or jetting through an open tube sampler to clean out the 

borehole shall not be allowed. Only the use of side discharge bits is permitted. 

piston sampler may be used. 

within the tube to help retain the sample. 

5. A stainless steel tube sampler is typically used to minimize chemical r action between the sample and 
the sampling tube. 

6. With the sampling tube resting- on the bottom of the hole and the water level in the boring at 

 

e .ee 	e 

 

e • _e 

 

   

impacting or twisting. If the soil is too hard to pen-et-rate by pushing alone, careful hammering may bo 

revolution to shear the sample off at the bottom. In no case shall the tube be pushed farther than the 
length provided for the soil sample. Allow about 3 inches in the tube for cuttings and sludge. 

7. Upon removal of the sampling tube from the hale, m acure the length of sample in the tube and also 
the length penetrated. 

8. Remove disturbed material in the upper end of the tube and measure the length of sample again. 

- • • 
material such as paper or cloth) tightly in each end of the Shelby tube and then pour melted wax into 

both ends. 

10. Place plastic caps on the ends, tape the caps in place, and dip the ends ih wax to prevent loss of soil. 
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11. Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery 
length on the label. 

12. Mark the "up" direction on the side and upper end of the tube with indelible ink. 

13. Complete a chain of custody form (see SOP SA 6.3) and other required forms (including Attachment 
A of this SOP). 

• 

disturbance. 

CAUTION 

out of the sun at all times. 

CAUTION 

injury or fire. 

Electrical-Heating 

kc sure a Ground 

operation (at least 50 feet). Ensure that the extension cord is rated for the intended load 
and for outdoor use and is free from recognizable damage. Ensure flammable 
preservatives are not employed or stored near the hot plate. Although a Hot Work Permit 
is not required, scene safety evaluation by site personnel of the above elements is. As 

ee e• 

accessible as well as any provisions for first aid measures. 

Open-Flame 

-e..e - - 	-e 	e 
applications. The Hot Work Permit, provided in your HASP, will aid the FOL and/or tho 
SSO in ensuring that fire protection provisions (extinguishers, fire watches, etc.) are in 
place as well as ensuring that local requirements have been addressed. 

Ensure that water is available to address any wax splashes or contact. If possible, 
immerse the contacted area. Where this is not possible, run water over the area and 
apply cold compresses. The need for medical attention or first aid shall be determined 
on site under the direction of the SSO. 

e T. 

. 	„ 
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NOTE 

defined as soil from 0 to 2 inches below ground surface (bgs), and sometimes it is defined 
- - 	e 

coil depth is clear befor -collecting surface coil samples. 

in this SOP as follows: 

e 	e• 

appropriate depth ranges. 

Safety-Reminder 
e• • _e"- e-ee 	-•e. e • 

occur, remove the latex gloves, treat for an-allergic Feaction;  and seek medical attention 
as-neeessal:y7 
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6.3 	Surface Soil Sampling 

The simplest, most direct method of collecting su-Ffacre soil samples for subsequent analysis is by use of a 
stainless steel shovel, hand auger, soil corer, or stainless 	disposable plastic trowel. 

• e:•: 	•• e e 	•e 	e•••• 

• Stainless steel or pre cleaned disposable trowel. 

• Stainless steel hand auger, coil corer, or shovel. 

• Required PPE. 

Nitrile surgeon's or latex gloves may bo-usod, layered as necessary. 

--Safety 	glasses 

 

• •e e_e-• e 

 

:Ak 	 • ...M. 

  

   

• - 	-••• 	e• - 	•••• 

• Required sample container(s) 

• Wooden stakes or pin flags 
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• Sealable polyethylene bags (e.g., Ziploc® baggies} 

• Heavy duty cooler 

• Ice 

3. 	Using a precleaned syringe or EnCorem  samplers, follow the procedure in Section 6.2.1 for collecting 

collected deeper than 6 inches bgs because shallower material has usually lost most of the volatile& 
• e_e - 	e 

witici-the-plann-ing-elosument 

remaining sample containers. See Section 6.5 of this procedure for hand auger instruction, a& 
needed. 

5. 	Transfer the sample into those containers utilizing a stainless steel trowel. 

..et t...•t 
all tho categories described in SOP SA 6.3. 

foavc the arm better than we found it. Do NOT create trip hazards in areas when pedestrian traffic 
enay-exist7 

6-4----Near-Supfase-Sell-Samplinq 

equipment listed under Section 6.5 of this procedure. 

To obtain near surface soil samples, the following protocol shall be used: 

- 	_e 	e •- eee • -e. 

approximately 1 foot by 1 foot. 

stainless steel or pre cleaned disposable trowel to remove any loose soil. 

3. 	Follow steps--1-th-r-eugh-9-ef-Sestieri-6,-3 

Revision 

9 

019611/P 
	

Tetra Tech NUS, Inc. 



CAUTION 
Potential hazards associated with hand augering include: 

Muscle strain and sprain due to over twistihg-andier ever compromising yourself. 

Equipment failure due to excessive stress-en tho T handle or rods through twisting. 

due to that failure. 

Ticket! 

withdrawn and the soil sample collected. 

material and collapse of the borehole normally limit sampling depth. 

e .....e••e 	• ..e _..••e. •e 	•e _ •..•e 	•e 

•• 	•e. ee • 

e. ee _ • 	 •-•e. 	 •- e e 	•e e e.-e- 

attach the T handle to the extension rod. 
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A hand augering system generally consists of a variety of stainless steel bucket bits (approximately 65 

the bucket as it is advanced into the ground. 

• _e 	e- ee.... 	 ..• 
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samplers, follow the procedure in Section 6.2.1 for collecting 

SAFETY REMINDER 

e- e 
e-e -:—•e 

 

_e 	e 

 

  

   

hazards such the corer collapsing under your weight. To reduce the potential for muscle 
strain and damage, the following measures will be incorporated: 

e 
predominant in in the early morning hours (prior to muscles becoming limber) and later 
in the day (as a result of fatigue). 
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'et ee - 

   

e 	- • _ 	t 	-eee 

 

      

         

 

ee . •e ee 	e e• 

     

  

.e e 	- e eee e 	•• 

  

    

      

as a function of depth. The project-specific planning document (SAP, HASP, etc.) describe 
requirements for- scanning the soil with a real time air monitoring instrument (e.g., PID, FID, etc.) and 
recording the measurements. 

 

-e e-e • - 

 

ee e 	•• • 	 e- 	..••: -e 

 

   

    

withdraw the apparatus from the borehole to prevent or minimize movement of soil from shallower 
intervals to the bottom of the hole. 

rod extension and replace it with another properly 
decontaminated bucket bit. The bucket bit used for sampling is to be smaller in diameter than tho 
bucket bit employed to initiate the borehole. 

8. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the boroholc 
sides. 

e 	_e 	_ee e •• 

10. Discard the top of the core (approximately 1 inch), which represents any loose material collected by 
the bucket bit before penetrating the sample material. 

steel-MiXing-bewk 

   

ly as practicable then fill the remaining sample 

 

- 	e• 

 

  

 

containers. Refer to Section 6.2.2. 

1/1. Follow steps 1 through 7 listed in Section 6.3. 

 

A soil corer is a stainless steel tube equipped with a cutting shoe and sample window in the side. The soil 

the sleeve. 

Use, application, and sample protocol is the same as for h  

   

 

•e e e e-e _ee - e_ 

 

  

   

 

.-e 

    

     

....e 	•. e•• 
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and/or cold stress may dictate. 

obstruction. Move to another location noar the sampling paint. Exerting additional 

potentially injure someone in the immediate vicinity. 

e  _ _ 
If there is a sudden release, it could result in a fall or muscle injury due to strain. 

Safety-Reminder 
It is intended through the Equipment Inspection for grill Rigs form provided in the HASP 

-2" 

Knots or sufficient mechanical devises), and is in overall good condition. 
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A split barrel (split spoon) sampler consists of a heavy carbon steel or stainless steel sampling tube that 
can be split into two equal halves to reveal the soil sample (see Attachment B). A drive head is attached 
to the upper end of the tube and serves as a point of attachment-for the drill rod. A removable tapered 

e.- 
retainer can be fitted to the lower end of the split tube to held [Peso, dry soil samples in the tubo when the 
sampler is removed from the drill hole. This split Ibarnal sampler is made to be attached to a drill rod and 
forced into the ground by means of a 110 pound or larger casing driver. 

Split barrel samplers aro used to collect coil samples fr-em a wide variety of coil types and from depth& 
greater than those attainable with other soil sampling equipment. 

The following equipment is used for obtaining split barrel samples: 

• Drilling equipment (provided by subcontractor). 

• Split barrel samplors (2 inch OD, 1 3/8 inch IS, either 20 inshos er 26 inches long); Larger OD 
samplers are available if a larger volume of sample is needed. 

• Drive weight assembly, 110 pound weight, driving head, and g-61-ide permitting free fall of 30 inches. 

• Stainless steel mixing bowls. 

• Equipment listed in Section 6.3. 

The following steps shall be followed to obtain split barrel samples (Steps 1 through 4 arc typically 
e. 	e •• e e 	• - e 

1. 	Attach the split barrel sampler to the sampling rods. 
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sampler into the soil 	110 	or larger hammer. using 	pound 

- e 	e-e 	• 

borehole. 

it can be opened using 	wrenches. pipe 

5. Detach the sampler-trem-the-€1411-Fees, 

6. Place the sampler securely in a vice so 

CAUTION 

helper should not apply excessive force through the use of cheater 	or 	or 	in pipes 	push 	pull 
the direction 	if the wrench slips, hands or fingers will be trapped where, 	 against an 

imezievable-ebjesh 

sample. 

a real time air monitoring instrument (e.g., FID, PID, etc.) (as 8. Immediately scan the sample core with 
specific 	documents dictate). 	Carefully separate (or sut) the coil core, with a project 	planning 

the core for elevated 	Also scan stained soil, soil lenses, and anomalies readings. 
Feeer-d-readiPw 

(if present), and 

collect the sample scheduled for volatile 	from the were observed, 	 analysis 9. If elevated vapor readings 
center of the core 	 readings occurred. If no elevated readings 	 the where elevated 	 whore encountered, 
sample material should be 	from the core's center (this area represents the least disturbed collected 
area with minimal 	 contact) (refer to Section 6.2.1). atmospheric 

the small 	of disturbed coil usually found at the top of the core sample) and 	the 	into portion place 	soil 	a 

containers (refer to Section 6.2.2). 

DPT. 	DPT equipment, 

e 	e 	te- 	• 	• _ 	 e_e• 

6.7 

Subsurface 

Subsurface Soil Sampling Using Direct-Push Technology 

responsibilities, 
soil samples can be collected to depths of 40+ feet using 

and procedures are described in SOP SA-2.5. 

&SA -Applicability 

e 	e 
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e e- 	•• •- ..... 	_e .•e •e •e eee 	e .•e 
ft AM• 	 • 	A. &&&&& 	Ma am 	41,11^.0 .e  

they are usually limited to a few feet below the water table. In some cases, a pumping system may be 

test borings instead of test pits. 

whether removed from the site or returned to the subsurface, must be properly handled according to any 

Test pits or trench excavations arc constructed with the intent that they will provido an open view of  
subsurface lithology and/or disposal conditions that a baring-will net provide. These procedures describe 

Test pits and trenches may bo excavated by hand or power oquipment to permit detailed descriptions of 

CAUTION 
•e •- - 	e• e e e 	 ee_ 

pit or excavation over 1 feet deep except ac a last resort, and then only under direct 

is required, all test pits or excavations must be stabilized by bracing the pit sides using 
specifically designed wooden, steel, or aluminum support structures or through sloping 
and benching. Personnel entering the cxcavatieh- may be exposed to toxic or explosive 

Competent Person to determine if it is safe to enter. Any entry into a trench greater than 

conformance with OSHA standard 29 CFR 1910.146. In all cases involving entry, 
substantial air monitoring, before entry, appropriate respiratory gear and protective 

_ e • •e e- - •• •- e• 

complexity of the work to be performed. The ader shall refer to OSHA regulations 
29 CFR 1926.650, 29 CFR 1910.120, 29 CFR 1-9-10.131, and 29 CFR 1910.146. High 
hazard entries such as this-will be supported by members of the Health Sciences Group 

professionally trained in-these activities. 

the-following; 

• The chemicals of concern 

Subject 

SOIL SAMPLING 

Page 

19 of 31 

019611/P 
	

Tetra Tech NUS, Inc. 



Trenching machine 0.25 to 1.0 
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table provides guidelines for design consideration based on equipment efficiencies. 

The lateral limits of excavation of trenches and the position of test pits shall be carefully marked on arc\a 
e.. 
utilities, or dangerous conditions, the limits of the excavation shall bo surveyed. Also, if precise 

purposes, the elevation of the ground surface at the test pit or trench location shall also be determined by 
survey. If the test pit/trench will not be surveyed immediately, it shall be backfilled and its position 
identified with stakes placed in the ground at the margin of the excavation for later surveying. 

The construction of test pits and trenches shall be planned and designed in advance as much as possible. 
However, the following field conditions may necessitate revisions to the initial plans: 

•—Si.tbsuitfase-titilities 

• Vehicle and pedestrian traffic patterns 

 

- 

   

  

e• e ee 	. e e• . • . 	- 

 

   

Competent Person. The actual layout of each test pit, temporary staging area, and spoils pile may further 
be predicated based on site conditions and wind direction at the time the test pit is excavated. Prior to 
excavation, the area may be surveyed by magnetometer or metal detector or other passive methods 

within an enclosed cab. 

'e e: -e": -•- 
supervision of a Competent Person. If entrance is required, OSHA roquiremonts muct bo met (c.g., wall& 

-••ee 	e_ 	- 

surface of the hole before entry in situations where the excavation may be approached by traffic. Spoil& 
will be stockpiled no closer than 2 feet from-the sidewall of the excavation. The excavation equipment 
operator shall be careful not to undercut sidcwalls and will, where necessary, bench back to increase 
stability. The top cover, when considered clean, will be placed separately from the subsurface materials to 
permit clean cover. It is emphasized that the project data needs should be structured such that required 
samples can be collected without requiring entrance into the excavation. For example, samples of 
leachate, groundwater, or sidewall soil can be collected with telescoping poles or similar equipment. 

excavations in cohesionlecs material below the groundwater table and for excavations left open greater 
than a day. Liquids removed as a rec -  
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more cost effective method of sampling than installing borings. 

relatively undisturbed (hand carved or 

borings, but often test pits offer a faster, 

6.8.3.2 	Sampling Equipment 

pushed/driven) samples that can be tested for geotechnical 

in the site specific project plans. 

Where possible excavations and test pits shall be opened-and closed within the same working day. Where 
this is not possible, the following engineering controls shall be put in place to control access: 

• Trench covers/street plates 

• Fences encompassing the entire excavation intohded to control access 

• Warning signs warning personnel of the hazards 

• Amber flashing lights to demarcate boundaries of the excavation at night  

6.8.3.1 	General 

Log test pits and trenches as they are excavated in asoordance with the Test Pit Log presented in 
Attachment C. These records include plan and profile sketches of the test pit/trench showing materials 

- :e 	e:e • 	e. 	e 

Entry of test pits by personnel is extremely dangerous, shall be avoided unless absolutely necessary, and 
can occur only aftor all applicable health and safety arid OSHA requirements have been met as stated 
above. These provisions will be reiterated as 

in each test pit may also be collected. 

In some cases, samples of soil may be extracted from the test pit for reasons other than waste sampling 
and chemical analysis, 

The following equipment is needed for obtaining samples for chemical or geotechnical analysis from test 
pits and trenches: 

• Backhoe or other excavating machinery. 

• Shovels, picks, hand augers, and stainless steel trowelsklisposable trowels. 

.et ee 

ee ee e e 
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right angle-adapter for conduit (see Attachment D). 

6.8.3.3 	Sampling Methods 

The methods discussed in this section refer to test pit sampling from grade level. If test pit entry is 
required, see Section 6.8.3.1. 

 

e e 	2. • 2. • • 	• • 2 • - 

 

. „ 

 

   

    

use of a sand bar cutting plate, use of this device is recommended to avoid potentially snagging 
utilities with the excavator teeth. It is recommended that soil probes or similar devices be employed 
whore buried items or utilities may be encountered. This permits the trench floor to be probed prior to 
the next cut. 

• After each increment: 

increments for lithological evaluations may range from 2 to 1 feet i or where lithological changes 
arc noted. 

• • • •et 	z 	e 	-e 

Any drums, other potential waste containers, obstructions, or utility lines are encountered 

Distinct changes of material being excavated are encountered 

This action is necessary to permit proper sampling of tho test pit and to prevent a breach of safety 
protocol. Depending on the conditions encountered, it may be required to excavate more slowly and 
Garefully-with4Re-baelchee 

For obtaining test pit samples from grade level, the following procedure shall be followed:  

• Use the backhoc to remove loose material from the excavation walls and floor to the greatest extent 
possible. 

• Secure the walls of the pit, if necessary. (There is seldom any need to enter a pit or trench that would 
justify the expense of shoring the walls. All observations and samples should be taken from the 
ground surface.)- 

e e: ee.•-e - 

material after after it has been deposited on the ground, as follows: 

_ e • 	• • 
	 .. 	 _e•e- 
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•---Gemplote-deGURlent e• 	 et,: • a' 	, -e 	.. 

e • 	• - e e.•e 	• 

controls or shut the machine down. 

• -• 	e•• -e e • - ee- 	e 	• 	- 	ee 	•- ••••e 

directed in the project specific planning documents. 

intervals. 

• If a composite sample is desired, 

However, if compositing in the field is required, eel; sample container shall be filled from materials 

CAUTION 
Glare must be exercised when using the remote sampler described in tho next step 

than 6 feet deep. An immediate moans to oxtFact people who-have fallen into the trench 

•: e-_ -e 	• 	e•• 

the sidewall or bottom of the pit as follows: 

a. Scrape the face of the pit/trench using a long handled shovel or hoc to remove the smeared zone 
that has contacted the backhoe bucket. 

b. Collect the sample directly into the sample jar, by scraping with the jar edge, eliminating the need 

6.8.3/1 	In Pit Sampling 

Under rare conditions, personnel may bo required to enter the test pit/trench. This is necessary only when 

ge occurring at discrete 
levels or zones in the test pit that are not accessible with remote samplers. 
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e•• ••• e e.•e 

 

   

    

for by the following criteria: 

compounds, in that order). Action levels will be provided in project specific planning documents. 

• _- a- ee -• 

sites, this individual shall be dressed in selected PPE as required by the conditions in the pit. He/she shall 

A second and possible third individual shall be fully dressed in protective clothing including a self  
_e- 	•-e 	• •e e 

 

- • a` 	* C 

 

  

   

assisted self rescue. The individual entering the pit shall remain therein for as brief a period as practical, 
commensurate with performance of his/her work. After removing the cm ared zone, samples shall be 
obtained with a decontaminated trowel or spoon. 

6.8.3.5 	Geotechnical Sampling 

e • 	2 	cc._ e 

geeteeh-n-isal-samplieg4 

that can be pushed or driven into the floor of the test pit. 

• Suitablo driving (e,g., sledge hammer) or pushing (e.g., backhoe bucket) oquipment used to advanco 
the sampler into the coil. 

• Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safely transporting 
collected soil samples. 

• Geotechnical equipment (pocket penetrometer, torvanc, etc.) for field testing colloctod soil samples 
for classification and strength properties. 

Disturbed grab or bulk geotechnical coil samples may be collected for most coil in tho same manner as 
-e -"e 	•-- e- 	e ee • 

lined sacks (larger samples), which will preserve their moisture content. Smaller samples of this type aro 

aro aro usually required to perform compaction tests. 

Relatively undisturbed samples are usually-extracted in cohesive soil using thin walled tube samplers, and 
such samples are then tested in a g  

e e 	e 

performing Shelby tube sampling in borings, except that the sampler is advanced by hand or backhoe, 
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elevations.  Extracting tube samples horizontally from the walls of the test pit is not appropriate because 
the sample will not have the correct orientation. 

thus minimizing disturbance to the sample. When using a sledge hammer,  it is recommended  that the 

ckhoc and extract.  This 
means-  an alternative head will be used as a connection point or that-multiple choke hitches will be applied 

subsurface  utilities, hand excavate  to remove the sell from around the sides of the sampler.  if hand  

• _ e 

6.9 	Records 
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rather than by a drill rig. Also, the sampler may be  extracted from the  test- pit by excavation around  the 

protected. 

Before backfilling, the onsite  crew may  photograph, if required by- the project specific work plan, all 

descriptien-of-feature,  and date of phots  e e 

shall be entered in the site logbook.  All  photographs -shall  be  indexed  and maintained as  part of the 
project file for future reference.  

After inspection, backfill material shall bo returned  to-the-pit under the direction of tho FOL. Backfill should 

 

ee 

 

-•e 	-e 

 

   

    

 

e- e "e • 

 

- 	-•-• _•e ee- 	-e 	e•• 	e- 	• _ e 	- 

  

will continue to the grade surface.  It is- recommended that the trench be tracked or  rolled in. During 
excavation, clean  soil from the top 2 feet may  have boon  separated to 	to covor  the last segments.  
Where these materials are not clean, it is-recommended-that cI an fill be 14sed for the top cover.  

The appropriate sample log sheet (see Attachment A of this SOP) must be completed by the site 
geologist/sampler for all samples collected. All soil sampling locations should be documented by tying in 
the location of two or more nearby permanent landmarks (building, telephone pole, fence, etc.) or 
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obtaining GPS coordinates; and shall be noted on the appropriate sample log sheet, site map, or field 
notebook. Surveying may also be necessary, depending on the project requirements. 
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trenches shall be logged by the field 	in accordance with SOP GH 1.5. geologist 

Competent Person will be 

and D1586-84. ASTM 

Other data to be recorded in the field logbook 

• Name and location of job 

• Date of boring and excavation 

• Approximate surface elevation 

• Total depth of boring and excavation 

• Dimensions of pit 

• Method of sample acquisition 

• Type and size of samples 

• Soil and rock descriptions 

• Photographs if required 

• Groundwater levels 

• PID/FID/LEU02  meter readings 

• Other pertinent information, such as waste 

In addition, site-specific documentation to 
required including: 

• Calibration logs 

• Excavation inspection checklists 

• Soil type classification 
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ATTACHMENT A 
SOIL & SEDIMENT SAMPLE LOG SHEET 

inb Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page of 

Project Site Name: 
Project No.: 

a Surface Soil 
11 Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

Sample ID 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 

No.: 

0 Low Concentration 
a High Concentration 

GBABWMPLE-DATA: • 
Date: Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: 
Method: 
Monitor Reading (ppm): 

OOMPOSITE.SAMPLE-DATA:.  • - 

Date: Time Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Method: 

Monitor Readings 

(Range in ppm): 

•sankekermitEctionwr mallow- 	, 
Analysis Container Requirements Collected Other 

OELSERVATtONS / NOTES; MAP: 

Cirote  Signature(s): 

MSJMSD Duplicate ID No.: 
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ATTACHMENT C 

TEST PIT LOG 

TEST PIT LOG 	 Page of 

TEST PIT No.: 
DATE: 
GEOLOGIST: 

De th p 

(Ft.) 

Litho • • 
Change 

(Depth/Ft.) 

MATERIAL DESCRIPTION 

S 
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Remarks 

ID/FID READING 

Soli/Waste Characteristics >• 
..(Ifthology, density, coloryetc.-.) 

S
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  (
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c,. 
._. 
Ni 
CD 

-, 

TEST PIT CROSS SECT!, • AND / OR PLAN VIEW 

REMARKS: 

PHOTO LOG: 
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1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the process to be used for purging groundwater 
monitoring wells prior to sampling, for collecting groundwater samples, and for measuring groundwater 
quality parameters.    
 
2.0 SCOPE 

This document provides information on proper sampling equipment, onsite water quality testing, safety 
measures to ensure the safety of the field technician(s), and techniques for groundwater sampling.  All 
personnel are encouraged to review the information contained herein to facilitate planning of the field 
sampling effort.  The techniques described shall be followed whenever applicable, noting that site-specific 
conditions or project-specific plans may require modifications to methodology.   
 
3.0 GLOSSARY 

Conductivity – Conductivity is a numerical expression of the ability of an aqueous solution to carry an 
electric current.  This ability depends on the presence of ions and their total concentration, mobility, 
valence, and relative concentrations and on temperature.  Conductivity is highly dependent on 
temperature and should be reported at a particular temperature, i.e., 20.2 microSiemens per centimeter 
(mS/cm) at 14°C. 
 
Dissolved Oxygen (DO) – DO levels in natural and wastewater depend on the physical, chemical, and 
biochemical activities in the water sample. 
 
Groundwater Sample – A quantity of water removed from the ground, usually via a monitoring well that 
may or may not be lined with a well casing. 
 
Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species 
as determined by the electromotive force developed by a noble metal electrode immersed in water, as 
referenced against a reference electrode.  A reference electrode commonly used in the field is the 
silver/silver chloride electrode, which has a voltage offset of about 210 mV from the standard hydrogen 
electrode (SHE).  To convert field ORP measurements to equivalent SHE values, approximately 210 mV 
must be added to the ORP values obtained using the silver/silver chloride electrode.  The actual offset 
depends on the concentration of the potassium chloride (KCl) in the field reference electrode and the 
temperature.  Offsets typically range from 199 (saturated KCl) to 205 (3.5 Molar KCl) to 222 mV (1 Molar 
KCl) at 25°C and are greater at lower temperatures. 
 
pH - The negative logarithm (base 10) of the hydrogen ion activity.  The hydrogen ion activity is related to 
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal.  Thus, for all 
practical purposes, pH is a measure of the hydrogen ion concentration. 
 
pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which it is 
exposed.  Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution's pH. 
 
Representativeness – A qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point.  It is therefore an important 
characteristic not only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction.  Proper sample location selection 
and proper sample collection methods are important to ensure that a truly representative sample has 
been collected.   
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Salinity – The measurement of dissolved salts in a given mass of solution.  Note:  most field meters 
determined salinity automatically from conductivity and temperature.  The value will be displayed in either 
parts per thousand (ppt) or percent (e.g., 35 ppt equals 3.5 percent).  The parts per thousand symbol 
(0/00) is not the same as the percent symbol (%). 
 
Turbidity – Turbidity in water is caused by suspended matter such as clay, silt, and fine organic and 
inorganic matter.  Turbidity is an expression of the optical property that causes light to be scattered and 
absorbed rather than transmitted in a straight line through the sample. 
 
 
4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, initial 
sampling locations, and field procedures used in the collection of groundwater samples.  Additionally, in 
consultation with other project personnel (geologist, hydrogeologist, etc.), the Project Manager identifies 
sampling locations. 
 
Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan (HASP).  This includes but is not be 
limited to performing air quality monitoring during sampling, boring and excavation activities, and ensuring 
that workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne 
contaminants.  The SSO or SSO designee may also be required to advise the FOL on other safety-
related matters regarding sampling, such as mitigative measures to address potential hazards from 
hazardous objects or conditions.   
 
Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP or other project-specific documents. In addition, this individual is 
responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, container labels, custody seals, and chain-of-custody forms) associated with the collection of those 
samples. 
 
Project Hydrogeologist – This individual is responsible for selecting and detailing the specific groundwater 
sampling techniques, onsite water quality testing (type, frequency, and location), equipment to be used, 
and providing detailed input in this regard to the project planning documents.  The project hydrogeologist 
is also responsible for properly briefing and overseeing the performance of site sampling personnel. 
 
Field Operations Leader (FOL) – This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples.  He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures.  When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit.  The FOL is ultimately responsible for adherence to 
Occupational Safety and Health Administration (OSHA) regulations during these operations through self 
acquisition or through the management of a field team of samplers. 
General personnel qualifications for groundwater sample collection and onsite water quality testing 
include the following: 
 
• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 
• Capability of performing field work under the expected physical and environmental (i.e., weather) 

conditions. 
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• Familiarity with appropriate procedures for sample documentation, handling, packaging, and 

shipping.  
 
5.0 HEALTH AND SAFETY 

Specific safety and health precautions are identified throughout this SOP.  In addition to those 
precautions, the following general hazards may be incurred during sampling activities: 
 
• Knee injuries from kneeling on hard surfaces 
 
• Slips, trips, and falls 
 
• Cuts and lacerations 
 
• Traffic hazards associated with sampling in parking areas and roadways and along highways. 
 
Methods of avoiding these hazards are provided below. 
 
Knee injuries – Many monitoring wells are installed as flush mounts.  Personnel are required to kneel to 
open these wells and to take groundwater level measurements, etc. This could result in knee injuries from 
kneeling on stones/foreign objects and general damage due to stress on the joints. To combat this 
hazard: 
 
• Clear any foreign objects from the work area. 
 
• Wear hard-sided knee pads.  
 
Slips, Trips, and Falls – These hazards exist while traversing varying terrains carrying equipment to 
sample wells. To minimize these hazards: 
 
• Pre-survey well locations. Eliminate, barricade, or otherwise mark physical hazards leading to the 

locations. 
 
• Carry small loads that do not restrict the field of vision. 
 
• Travel the safest and clearest route (not necessarily the shortest). 
 
Cuts and Lacerations – To prevent cuts and lacerations associated with groundwater sampling, the 
following provisions are required: 
 
• Always cut away from yourself and others when cutting tubing or rope.  This will prevent injury to 

yourself and others if the knife slips. 
 
• Do not place items to be cut in your hand or on your knee. 
 
• Change blades as necessary to maintain a sharp cutting edge.  Many accidents result from struggling 

with dull cutting attachments. 
 
• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 

the hand not using the knife. 
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• Keep cutting surfaces clean and smooth.  
 
• Secure items to be cut -- do not hold them against the opposing hand, a leg, or other body part. 
 
• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 

fall, you will be less likely to get cut by broken glass. 
 
• DO NOT throw broken glass or glass ampoules into garbage bags.  Place broken glass and glass 

ampoules in hard-sided containers such as a cardboard box or directly into a dumpster.  DO NOT 
reach into garbage bags to retrieve any item accidentally thrown away.  Empty the contents onto a 
flat surface to avoid punctures and lacerations from reaching where you cannot see.  

 
Vehicular and Foot Traffic Hazards – When sampling along the roadway or near traffic patterns, follow 
the following precautions: 
 
• Motorists may be distracted by onsite activities – ASSUME THEY DO NOT SEE YOU OR MEMBERS 

OF YOUR FIELD CREW. 
 
• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 

personnel to move into the flow of traffic to avoid your activities or equipment or that will create a 
blind spot.  

 
• Provide a required free space of travel.  Maintain at least 6 feet of space between you and moving 

traffic.  Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes.   

 
• Face Traffic.  Whenever feasible, if you must move within the 6 feet of the required free space or into 

traffic, attempt to face moving traffic at all times.  Always leave yourself an escape route. 
 
• Wear high-visibility vests to increase visual recognition by motorists. 
 
• Do not rely on the vehicle operator’s visibility, judgment, or ability.  Make eye contact with the driver. 

Carefully and deliberately use hand signals so they will not startle or confuse motorists or be 
mistaken for a flagger’s direction before moving into traffic. 

 
• Your movements may startle a motorist and cause an accident, so move deliberately.  Do not make 

sudden movements that might confuse a motorist. 
 
6.0 PROCEDURES 

6.1 General 

For information derived from a groundwater sample to be useful and accurate, the sample must be 
representative of the particular zone being sampled.  The physical, chemical, and bacteriological integrity 
of the sample must be maintained from the time of sampling to the time of analysis to keep any changes 
in water quality parameters to a minimum.   
 

CAUTION 
A closed well may generate and accumulate gases due to biological degradation, 

evolution of volatile chemicals from groundwater into the air, or other chemical actions. 
These gases may also be artificially generated, such as in the case of air sparging or 
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extraction wells, which may take several days to depressurize. See Section 6.6.2 for 
safety measures to be employed to protect sampling personnel. 

 
Methods for withdrawing samples from completed wells include the use of pumps, compressed air or 
nitrogen, bailers, and various types of samplers.  The primary considerations in obtaining a representative 
sample of groundwater are to avoid collection of stagnant (standing) water in the well and to avoid 
physical or chemical alteration of the water sample due to external influences of the sampling 
technique(s).  In a non-pumping well, there will be little or no vertical mixing of water in the well pipe or 
casing, and stratification will occur.  The well water in the screened section will mix with groundwater due 
to normal flow patterns, but the well water above the screened section will remain isolated and become 
stagnant.  Concentration gradients resulting from mixing and dispersion processes, layers of variable 
geologic permeability, and the presence of separate-phase product (e.g., floating hydrocarbons) may 
cause stratification.  Excessive pumping or improper sampling methods can dilute or increase 
contaminant concentrations in the collected sample compared to what is representative of the integrated 
water column as it naturally occurs at that point, resulting in the collection of a non-representative sample. 
To safeguard against collecting non-representative samples, the following approach shall be followed 
prior to sample acquisition: 
 

CAUTION 
Mechanical agitation of well water may cause off-gas generation of volatile contaminants, 

creating an inhalation exposure to the sampler(s).  Where avoiding an inhalation 
exposure is not possible and mechanical agitation is possible, pump into closed-top 

containers to control potential air emissions. 

 
1. If possible, position yourself (and the sampling equipment) upwind of the well head. 
 
2. Purge the monitoring well to be sampled prior to obtaining any samples from it.  Evacuation of three 

to five well volumes is recommended prior to sampling, unless low-flow purging and sampling 
methods are utilized as described in Section 6.7 (Consult the site-specific SAP for exact purging 
parameters).  In a high-yielding groundwater formation and where there is no stagnant water in the 
well above the screened section, extensive evacuation prior to sample withdrawal is not as critical as 
it is in a low-yielding well or in wells containing stagnant water.   

 
3. For wells with low yields that are purged dry during sampling, evacuate the well and allow it to 

recover to 75 percent of full capacity prior to sample acquisition.  If the recovery rate is fairly rapid 
(generally 300 mL per minute or greater), attempt to continue evacuation until the number of well 
volumes specified in the SAP is achieved.  If this cannot be accomplished, allow recovery to 75 
percent of capacity and begin sampling. 

 
 
 
 

CAUTION 
For moderate to high-yielding monitoring wells, an evacuation rate that does not cause 
excessive turbulence in the well should be selected.  There is no absolute safeguard 
against contaminating the sample with stagnant water; hence, special techniques are 
required for purging to minimize the potential for sample contamination (see below).   

 
4. For moderate to high-yielding monitoring wells, use one of the following purge techniques:   
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• Place a submersible pump or the intake line of a surface pump or bailer just below the water 
surface when removing the stagnant water. 

 
• While purging and as the water level decreases, lower the pump or intake line as the water level 

drops in the well.  Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated.  After this is accomplished, a bailer or 
other approved device may be used to collect the sample for analysis. 
 

• Unless otherwise directed, place the intake line of the sampling pump (or the submersible pump 
itself) near the center of the screened section, and pump approximately one casing volume of 
water from the well at a low purge rate equal to the well's recovery rate (low-flow sampling). 

 

6.2 Sampling, Monitoring, and Evacuation Equipment 

Sample containers shall conform to the guidelines in SOP SA-6.1. 
 
The following equipment shall be on hand when sampling groundwater wells (reference SOPs SA-6.1 
and SA-7.1): 
 
• Sample packaging and shipping equipment – Coolers for sample shipping and cooling, chemical 

preservatives, appropriate sampling containers and filler materials, ice, labels, and chain-of-custody 
documents.   

 
• Field tools and instrumentation 
 

− Multi-parameter water quality meter with an in-line sample chamber capable of measuring ORP, 
pH, temperature, DO, specific conductance, turbidity, and salinity, or individual meters (as 
applicable) 

 
− pH Paper 
 
− Camera and film (if appropriate) 
 
− Appropriate keys (for locked wells) 
 
− Water level indicator and/or oil-water interface probe if separate-phase product is expected 

 
• Pumps 
 

− Shallow-well pumps:  Centrifugal, bladder, suction, or peristaltic pumps with drop lines and air-lift 
apparatus (compressor and tubing) where applicable. 

 
− Deep-well pumps:  Submersible pump and electrical power-generating unit, or bladder pumps 

where applicable. 
 
• Other sampling equipment – Bailers, graduated cylinder, stopwatch, and inert line with tripod-pulley 

assembly (if necessary).   
 
• Pails – Plastic, graduated. 
 
• Clean paper or cotton towels for cleaning equipment. 
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• Buckets with lids for collecting purge water. 
 
• Decontamination solutions – Deionized water, potable water, phosphate-free laboratory-grade 

detergent, and analytical-grade solvent (e.g., pesticide-grade isopropanol), as required. 
 
Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well purging and sample collection.  
 

6.3 Calculations of Well Volume 

To ensure that the proper volume of water has been removed from the well prior to sampling, it is first 
necessary to know the volume of standing water in the well pipe (including well screen where applicable).  
This volume can be easily calculated by the following method.  Calculations shall be entered in the site 
logbook or field notebook or on a sample log sheet form or equivalent electronic form(s) (see SOP 
SA-6.3): 
 
1. Obtain all available information on well construction (location, casing, screen, etc.). 
 
2. Determine well or inner casing diameter. 
 
3. Measure and record static water level (depth below ground level or top of casing reference point). 
 
4. Determine depth of well by sounding using a clean, decontaminated, weighted tape measure or water 

level indicator. 
 
5. Calculate number of linear feet of static water (total depth or length of well pipe minus the depth to 

static water level). 
 
6. Calculate one static well volume in gallons  ( ) ))((163 2rT0.   =   V  
 
 where: V = Static volume of well in gallons. 

T = Linear feet of water in the well. 
  r = Inside radius of well casing in inches. 

0.163 = Conversion factor (compensates for conversion of casing radius         
                          from inches to feet and cubic feet to gallons and pi. 

 
7. Per evacuation volumes discussed above, determine the minimum amount to be evacuated before 

sampling. 
 
Measuring devices may become contaminated when gathering the above information if they are 
submerged in contaminated water. Decontamination of the tape or water level indicator must be 
conducted between measurements in different wells as follows: 
 
1. Saturate a paper towel or clean cotton towel with deionized water.  
 
2. As the measuring device is extracted, wipe the tape, changing the cleaning surface frequently. 
 
3. After it is extracted, rinse the probe or tape using a spray bottle of deionized water over a bucket or 

similar collection container. 
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Based on the contaminant (oily, etc), it may be necessary to use a soap and water wash and rinse to 
remove contaminants.  Isopropanol can be used on the probe/tape.  However, it is recommended that the 
use of solvents on the tape be minimized because they could degrade the protective covering or possibly 
remove the scale designations.  If isopropanol (or some other solvent) is used, assure that the 
manufacturer/supplier Material Safety Data Sheet (MSDS) is obtained, kept on site at a readily available 
location with other MSDSs, and reviewed by personnel prior to the first usage of the solvent.   Also, add 
the substance to the site-specific Hazardous Chemical Inventory list (see Section 5 of the TtNUS Health 
and Safety Guidance Manual [HSGM], Hazard Communication Program and OSHA Standard 29 CFR 
1910.1200). 
 

6.4 Evacuation of Static Water – Purging 

6.4.1 General 

The amount to be purged from each well will be determined prior to sample collection. This amount will 
depend on the intent of the monitoring program and the hydrogeologic conditions.  Programs to 
determine overall quality of water resources may require long pumping periods to obtain a sample that is 
representative of a large volume of the aquifer.  The pumped volume may be specified prior to sampling 
so that the sample can be a composite of a known volume of the aquifer.  Alternately, the well can be 
pumped until parameters such as temperature, specific conductance, pH, and turbidity (as applicable) 
have stabilized.  Onsite measurements of these parameters shall be recorded in the site logbook or field 
notebook or on standardized data sheets or an equivalent electronic form(s).  
 
6.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites.  
Attachment A provides guidance on the proper evacuation device to use for given sampling situations.  
All of these techniques involve equipment that is portable and readily available. 
 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages.  They generally consist of 
a length of tubing equipped with a base plate and ball check-valve at the bottom.  Bailers are comprised 
of stainless steel and plastic. They come in a variety of sizes, but the two most often used are 2 inches 
and 4 inches in diameter.  An inert non-absorbent line such as polyethylene rope is used to lower and 
then raise the bailer to retrieve the sample. As the bailer is lowered into the water column, the ball is 
pushed up allowing the tube to be filled.  When the bailer is pulled upward, the ball seats in the base plate 
preventing water from escaping. 
 
Advantages of bailers include the following: 
 
• There are few limitations on size and materials used. 
 
• No external power source is needed. 
 
• Bailers are inexpensive and can be dedicated and hung in a well to reduce the chances of cross-

contamination. 
 
• Bailers are relatively easy to decontaminate. 
 
Limitations on the use of bailers include the following: 
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• It is time consuming to remove stagnant water using a bailer. 
 
• Splashing the bailer into the water or transfer of sample may cause aeration. 
 
• The use of a bailer does not permit constant in-line monitoring of groundwater parameters. 
 
• Use of bailers is physically demanding, especially in warm temperatures at personal protection 

equipment (PPE) levels above Level D. 
 
Safety concerns using a bailer include the following: 
 
• Muscle stress and strain, especially when using 4-inch bailers and when pulling from excessively 

deep wells. 
 
• Entanglement, possible hand/finger injuries, and rope burns during a sudden release of the bailer 

back down the well. 
 
• Direct contact with contaminants of concern and sample preservatives when discharging the bailer 

contents because there is not a high level of control during a direct pour, and splashing and indirect 
contact with contaminants/preservatives could occur. 

 
Control measures for these hazards are provided in Section 6.6.2. 
 

Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and 
peristaltic pumps.  Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate.  The peristaltic pump is a low-volume pump that uses rollers 
to squeeze flexible tubing to create suction.  This tubing can be dedicated to a well to prevent cross- 
contamination from well to well.  Suction pumps are all portable, inexpensive, and readily available.  
However, because they are based on suction, their use is restricted to areas with water levels within 20 to 
25 feet of the ground surface.  A significant limitation is that the vacuum created by these pumps can 
cause loss of dissolved gases and volatile organics.  Another limitation of these pumps is that they 
require a secondary energy source to drive them.  Electrically driven pumps may require portable 
generators as energy sources.  Air diaphragm pumps require air compressors and/or compressed gas 
cylinders to drive them.  The advantage of the peristaltic pump is that it will operate from a portable 
battery source.  Safety measures associated with these pumps are provided below. 
 

Air-Lift and Gas-Lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
groundwater up a sampling tube.  These pumps are also relatively inexpensive.  Air- or gas-lift samplers 
are more suitable for well development than for sampling because the samples may be aerated as a 
result of pump action.  Aeration can cause pH changes and subsequent trace metal precipitation or loss 
of volatile organics. 
 

Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface.  The power 
sources for these samplers may be compressed gas or electricity.  Operation principles vary, and 



 Number 
 SA-1.1 

Page 
 11 of 34 

Subject 
 GROUNDWATER SAMPLE  
 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Revision 
 7 

Effective Date 
 04/07/2008 

 

019611/P Tetra Tech NUS, Inc. 

displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller.  
Pumps are available for 2-inch-diameter wells and larger.  These pumps can lift water from considerable 
depths (several hundred feet). 
 
Limitations of this class of pumps include the following: 
 
• They may have low delivery rates. 
 
• Many models are expensive. 
 
• Compressed gas or electric power is needed. 
 
• Sediment in water may cause clogging of the valves or eroding of the impellers with some of these 

pumps. 
 
• Decontamination of internal components can be difficult and time consuming. 
 

Compressed Gases 

Safety concerns using compressed gases as an energy source in these pumps are numerous.  The 
nitrogen gas or compressed air is provided in a compressed gas cylinder at a pressure of approximately 
2,000 psi.  If damaged, these cylinders can become dangerous projectiles.  Additionally, a sudden 
release of a cylinder's contents can involve considerable force that could cause significant damage to the 
eyes and/or skin.  Protective measures include the following: 
 
• Always wear safety impact glasses when handling compressed gases. 
 
• Always administer compressed gases through an appropriate pressure-reducing regulator. 
 
• When clearing the cylinder connection port, open the cylinder valve only enough to clear foreign 

debris. During this process, always position the cylinder valve so that it faces away from you and 
others. 

 
• If the cylinder is designed to accept a valve protection cap, always keep that protection cap in place, 

except the cylinder is connected for use. 
 
• When using the cylinder, lay the cylinder on its side to avoid the potential of it falling and knocking the 

valve off (and becoming a missile). 
• DO NOT use the compressed nitrogen or air to clean clothing or to spray off the skin. Small cuts in 

the protective layer of the skin may permit the gas to enter into the bloodstream, presenting the 
potential danger of an embolism. 

 
See the project-specific HASP for additional direction concerning cylinder safe handling procedures 
pertaining to the safe handling, transportation, and storage of compressed gas cylinders. 
 

Electrical Shock 

Even in situations where portable batteries are used, the potential for electrical shock exists.  This 
potential risk is increased in groundwater sampling activities because of the presence of groundwater 
near the batteries.  This potential is also increased in (prohibited) situations where jury-rigging of 
electrical connections is performed.  Other potential hazards occur when field samplers open the hood of 
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a running car to access the battery as a power source.  To control these hazards: 
 
• If you are unfamiliar with electrical devices, do not experiment, get help, and get the proper 

equipment necessary to power your device. 
 
• Use the proper portable power inverters for cigarette lighter connections to minimize the need to 

access the battery under the hood of your vehicle. 
 
• Use of electrical generators may pose a number of hazards including noise, those associated with 

fueling, and indirect sample influence. 
 
To minimize or eliminate electrical generator hazards: 
 
• Inspect the generator before use. Ensure that the generator and any extension cords are rated for the 

intended operation and have a Ground Fault Circuit Interrupter (GFCI) in line to control potential 
electrical shock. 

 
• Fuel the generator before purging and sampling to avoid loss of power during sampling. 
 
• Fuel engines only when they are turned OFF and have cooled sufficiently to prevent a fire hazard. 
 
• Place the generator and any fuel source at least 50 feet from the well to be sampled to avoid indirect 

influence to the sample from fuel vapors or emission gases. 
 
Lifting Hazards 
 
This hazard may be experienced when moving containers of purge water, equipment, cylinders, etc.  To 
control these potential hazards: 
 
• Do not fill purge buckets to more than 80 percent of their capacity. 
 
• Obtain a gas cylinder of sufficient size to complete the designated task but not too large to handle. K-

size cylinders weigh approximately 135 pounds and are difficult to handle.  M-size cylinders weigh 
approximately 50 pounds and are easier to handle and move. 

 
• When necessary, get help lifting and moving gas cylinders and other heavy objects.  Minimize 

twisting and turning while lifting.  If it is necessary to move these cylinders or generators over 
significant distance, use mechanical means (carts, etc.). 

• Use proper lifting techniques as described in Section 4.4 of the HSGM. 
 

6.5 Onsite Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of an 
aqueous sample in the field: 
 
• pH 
• Specific conductance 
• Temperature 
• DO 
• ORP 
• Turbidity 
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• Salinity 
 
This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at 
a hazardous or nonhazardous waste site.  The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, or 
colloidal material or other suspended matter. 
 
This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use.  Because instruments from different manufacturers may vary, review of the 
manufacturer's literature pertaining to the use of a specific instrument is required before use.  Most 
meters used to measure field parameters require calibration on a daily basis.  Refer to SOP SA-6.3 for an 
example equipment calibration log. 
 
6.5.1 Measurement of pH 

6.5.1.1 General 

Measurement of pH is one of the most important and frequently used tests in water chemistry.  Practically 
every phase of water supply and wastewater treatment such as acid-base neutralization, water softening, 
and corrosion control is pH dependent.  Likewise, the pH of leachate can be correlated with other 
chemical analyses to determine the probable source of contamination.  It is therefore important that 
reasonably accurate pH measurements be taken and recorded on the groundwater sample log sheet 
(Attachment B) or equivalent electronic form. 
 
Two methods are given for pH measurement:  the pH meter and pH indicator paper.  Indicator paper is 
used when only an approximation of the pH is required or when pH meter readings need to be verified, 
and the pH meter is used when a more accurate measurement is needed.  The response of a pH meter 
can be affected by high levels of colloidal or suspended solids, but the effect is generally of little 
significance.  Consequently, specific methods to overcome this interference are not described.  The 
response of pH paper is unaffected by solution interferences from color, turbidity, or colloidal or 
suspended materials unless extremely high levels capable of coating or masking the paper are 
encountered.  In such cases, use of a pH meter is recommended. 
 

6.5.1.2 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity of 
the solution created by the addition of the water sample reacting with the indicator compound on the 
paper.  Various types of pH papers are available, including litmus (for general acidity or alkalinity 
determination) and specific, or narrower range, pH range paper. 
 
Use of a pH meter relies on the same principle as other ion-specific electrodes.  Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion activity (which is usually similar to concentration) across that membrane.  The 
membrane is conductive to ionic species and, in combination with a standard or reference electrode, a 
potential difference proportional to the ion concentration is generated and measured. 
 

6.5.1.3 Equipment 

The following equipment is to be used for obtaining pH measurements: 
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• A stand-alone portable pH meter or combination meter equipped with an in-line sample chamber 
(e.g., YSI 600 series and Horiba U-22). 

 
• Combination electrode with polymer body to fit the above meter.  Alternately, a pH electrode and a 

reference electrode can be used if the pH meter is equipped with suitable electrode inputs. 
 
• Buffer solutions, as specified by the manufacturer.  If the buffer solutions are considered hazardous 

per 29 Code of Federal Regulations (CFR) 1910.1200 (Hazard Communication) or the volumes used 
are greater than consumer commodity levels, the SSO shall obtain MSDSs from the manufacturer for 
the specific buffer solutions (see Section 4 of the HSGM regarding the Hazard Communication 
Program) 

 
• pH indicator paper to cover the pH range 2 through 12. 
 
• Manufacturer's operation manual.  All personnel must be familiar with the equipment operation to 

ensure that the integrity of samples is preserved and that the equipment is operated safely. 
 

6.5.1.4 Measurement Techniques for Field Determination of pH 

pH Meter 

The following procedure shall be used for measuring pH with a pH meter (meter standardization is 
according to manufacturer's instructions): 
 
1. Inspect the instrument and batteries prior to initiation of the field effort. 
 
2. Check the integrity of the buffer solutions used for field calibration.  Buffer solutions need to be 

changed often as a result of degradation upon exposure to the atmosphere.   
 
3. If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper levels and 

that no air bubbles are present within the electrode(s). 
 
4. Calibrate the meter and electrode(s) on a daily use basis (or as recommended by manufacturer) 

following manufacturer's instructions.  Record calibration data on a water quality meter calibration log 
sheet (Attachment C) or equivalent electronic form. 

 
5. Immerse the electrode(s) in the sample.  Stabilization may take several seconds to minutes.  If the pH 

continues to drift, the sample temperature may not be stable, a physical reaction (e.g., degassing) 
may be taking place in the sample, or the meter or electrode may be malfunctioning.  The failure of 
the measurements to stabilize must be clearly noted in the logbook or equivalent electronic form.  

 
6. Read and record the pH of the sample.  pH shall be recorded to the nearest 0.01 pH standard unit.  

Also record the sample temperature (unless otherwise specified in the SAP, record temperatures to 
the nearest whole degree Fahrenheit or 0.5 degree Celsius). 

 
7. Rinse the electrode(s) with deionized water. 
 
8. Store the electrode(s) in an accordance with manufacturer’s instructions when not in use. 
 
Any visual observation of conditions that may interfere with pH measurement, such as oily materials or 
turbidity, shall be noted and avoided as much as possible. 
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pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range 
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units).  The appropriate range of pH paper shall be selected.  If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is determined.  To measure the pH with pH paper: 
 
1. Collect a small portion of sample into a clean container. 
 
2. Dip the pH paper into this small portion of sample. 
 
3. Compare the color of the paper to the color chart that is provided with the pH paper and read the 

corresponding pH from the chart. 
 
4. Record the pH value from the chart on the sampling log sheet. 
 
5. Discard the used pH paper as trash. 
 
6. Discard the small volume of sample that was used for the pH measurement with the other 

investigative derived waste. 
 
6.5.2 Measurement of Specific Conductance 

6.5.2.1 General 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water.  It can also be used as 
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination. 
Conductivity is a numerical expression of the ability of a water sample to carry an electric current.  This 
value depends on the total concentration of ionized substances dissolved in the water and the 
temperature at which the measurement is made.  The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. 
 
It is important to obtain a specific conductance measurement soon after taking a sample because 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect 
specific conductance.  Most conductivity meters in use today display specific conductance in units of 
mS/cm, which is the conductivity normalized to a temperature of 25°C.  These are the required units to be 
recorded on the groundwater sample log field form or equivalent electronic form. 
 

6.5.2.2 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current.  In a direct-current field, the positive 
ions migrate toward the negative electrode, and the negatively charged ions migrate toward the positive 
electrode.  Most inorganic acids, bases, and salts such as hydrochloric acid, sodium carbonate, and 
sodium chloride, respectively, are relatively good conductors.  Conversely, organic compounds such as 
sucrose or benzene, which do not dissociate in aqueous solution, conduct a current very poorly if at all. 
 
A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance.  The ratio of current applied to voltage across the cell may also 



 Number 
 SA-1.1 

Page 
 16 of 34 

Subject 
 GROUNDWATER SAMPLE  
 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Revision 
 7 

Effective Date 
 04/07/2008 

 

019611/P Tetra Tech NUS, Inc. 

be used as a measure of conductance.  The core element of the apparatus is the conductivity cell 
containing the solution of interest.  Depending on the ionic strength of the aqueous solution to be tested, 
a potential difference is developed across the cell, which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 
 

6.5.2.3 Equipment 

The following equipment is needed for taking specific conductance measurements: 
 
• Stand-alone portable conductivity meter or combination meter equipped with an in-line sample 

chamber (e.g., YSI 600 series and Horiba U-22). 
 
• Calibration solution, as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 
A variety of conductivity meters are available that may also be used to monitor salinity and temperature.  
Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirements of 
the sampling program. 

6.5.2.4 Measurement Techniques for Specific Conductance 

The steps involved in taking specific conductance measurements are as follows (calibration shall be 
conducted according to manufacturer's instructions): 
 
1. Check batteries and calibrate instrument before going into the field. 
 
2. Calibrate on a daily use basis (or as recommended by manufacturer), according to the 

manufacturer's instructions and record all pertinent information on a water quality meter calibration 
log sheet or equivalent electronic form.  Potassium chloride solutions with a specific conductance 
closest to the values expected in the field shall be used for calibration.   

 
3. Rinse the cell with one or more portions of the sample to be tested or with deionized water and shake 

excess water from the cell. 
 
4. Immerse the electrode in the sample and measure the conductivity.   
 
5. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form.   
 
6. Rinse the electrode with deionized water. 
 
If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer's instructions for troubleshooting assistance. 
 
6.5.3 Measurement of Temperature 

6.5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological 
action in a water sample.  It can also be used to trace the flow direction of contaminated groundwater.  
Temperature measurements shall be taken in situ, or as quickly as possible in the field because collected 
water samples may rapidly equilibrate with the temperature of their surroundings.   
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6.5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercury-filled, dial-type thermometers or 
combination meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).  In 
addition, various meters such as specific conductance or DO meters that have temperature measurement 
capabilities may also be used.  Using such instrumentation along with suitable probes and cables, in-situ 
measurements of temperature at great depths can be performed. 
 

6.5.3.3 Measurement Techniques for Water Temperature 

If a thermometer is used to determine the temperature for a water sample, use the following procedure: 
 
1. Immerse the thermometer in the sample until temperature equilibrium is obtained (1 to 3 minutes).  

To avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples 
that will undergo subsequent chemical analysis. 

 
2. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 
 
If a temperature meter or probe is used: 
 
1. Calibrate the instrument according to manufacturer's recommendations prior to use. 
 
2. Immerse the meter/probe in the sample until temperature equilibrium is obtained (1 to 3 minutes).  To 

avoid the possibility of cross-contamination, the meter/probe shall not be inserted into samples that 
will undergo subsequent chemical analysis. 

3. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 
 
6.5.4 Measurement of Dissolved Oxygen 

6.5.4.1 General 

DO levels in natural water and wastewater depend on the physical, chemical and biochemical activities in 
the water body.  In addition, the growth of many aquatic organisms and the rate of corrosivity are 
dependent on DO concentrations.  Thus, analysis for DO is a key test in water pollution and waste 
treatment process control.  If at all possible, DO measurements shall be taken in situ because 
concentrations may show a large change in a short time if the sample is not adequately preserved. 
 
The monitoring method discussed herein is limited to the use of DO meters.  Chemical methods of 
analysis (i.e., Winkler methods) are available but require more equipment and greater sample 
manipulation.  Furthermore, DO meters using a membrane electrode are suitable for highly polluted 
waters because the probe is completely submersible and is not susceptible to interference caused by 
color, turbidity, or colloidal material or suspended matter. 
 

6.5.4.2 Principles of Equipment Operation 

DO probes are normally electrochemical cells that have two solid metal electrodes of different nobility 
immersed in an electrolyte.  The electrolyte is retained by an oxygen-permeable membrane.  The metal of 
highest nobility (the cathode) is positioned at the membrane.  When a suitable potential exists between 
the two metals, reduction of oxygen to hydroxide ion (OH-) occurs at the cathode surface.  An electrical 
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current is developed that is directly proportional to the rate of arrival of oxygen molecules at the cathode.  
This rate is proportional to the oxygen concentration in the water being measured. 
 
Because the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane.  
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained.  It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface.  Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface.  To avoid this possibility, 
some probes are equipped with stirrers to agitate the solution near the probe, leaving the surface of the 
solution undisturbed. 
 
DO probes are relatively unaffected by interferences.  Interferences that can occur are reactions with 
oxidizing gases such as chlorine or with gases such as hydrogen sulfide that are not easily depolarized 
from the indicating electrode.  If a gaseous interference is suspected, it shall be noted in the field logbook 
and checked if possible.  Temperature variations can also cause interference because probes exhibit 
temperature sensitivity.  Automatic temperature compensation is normally provided by the manufacturer.  
This compensation can counteract some of the temperature effects but not all of them. 
 

6.5.4.3 Equipment 

The following equipment is needed to measure DO concentrations: 
 
• A stand-alone portable DO meter or combination meter equipped with an in-line sample chamber 

(e.g., YSI 600 series and Horiba U-22). 
• Sufficient cable to allow the probe to contact the sample. 
 
• Manufacturer's operation manual. 
 

6.5.4.4 Measurement Techniques for Dissolved Oxygen Determination 

DO probes differ as to instructions for use.  Follow the manufacturer's instructions to obtain an accurate 
reading.  The following general steps shall be used to measure DO concentrations: 
 
1. Check the DO meter batteries before going to the field. 
 
2. Condition the probe in a water sample for as long a period as practical before use in the field.  Long 

periods of dry storage followed by short periods of use in the field may result in inaccurate readings. 
 
3. Calibrate the instrument in the field according to manufacturer's recommendations or in a freshly air-

saturated water sample of known temperature.   
 
4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 

form. 
 
5. Rinse the probe with deionized water. 
 
6. Immerse the probe in the sample.  Be sure to provide for sufficient flow past the membrane by stirring 

the sample.  Probes without stirrers placed in wells may be moved up and down to achieve the 
required mixing. 
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7. Record the DO content and temperature of the sample in a field logbook or on a sample log sheet or 
equivalent electronic form. 

 
8. Rinse the probe with deionized water. 
 
9. Recalibrate the probe when the membrane is replaced, or as needed.  Follow the manufacturer's 

instructions. 
 
Note that in-situ placement of the probe is preferable because sample handling is not involved.  This 
however may not always be practical.   
 
Special care shall be taken during sample collection to avoid turbulence that can lead to increased 
oxygen solubilization and positive test interferences. 
 
6.5.5 Measurement of Oxidation-Reduction Potential 

6.5.5.1 General 

ORP provides a measure of the tendency of organic or inorganic chemicals to exist in an oxidized state.  
The ORP parameter therefore provides evidence of the likelihood of anaerobic degradation of 
biodegradable organics or the ratio of activities of reduced to oxidized species in the sample. 
 

6.5.5.2 Principles of Equipment Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at 
that electrode depending on the ions present in the solution.  If a reference electrode is placed in the 
same solution, an ORP electrode pair is established.  This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in solution.  
By this measurement, the ability to oxidize or reduce species in solution may be determined.  
Supplemental measurements, such as DO, may be correlated with ORP to provide knowledge of the 
quality of the solution, water, or wastewater. 
 

6.5.5.3 Equipment 

The following equipment is needed for measuring the ORP of a solution: 
 
• A combination meter with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22). 
 
• Reference solution as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 

6.5.5.4 Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring ORP: 
 
1. Check the equipment using the manufacturer's recommended reference solution and check its 

batteries before going to the field. 
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2. Thoroughly rinse the electrode with deionized water. 
 
3. If the probe does not respond properly to the recommended reference solution, verify the sensitivity 

of the electrodes by noting the change in millivolts when the pH of a test solution is altered.  The ORP 
will increase when the pH of a test solution decreases, and the ORP will decrease when the test 
solution pH is increased.  Place the sample in a clean container and agitate the sample.  Insert the 
electrodes and note that the ORP drops sharply when the caustic is added (i.e., pH increases) thus 
indicating that the electrodes are sensitive and operating properly.  If the ORP increases sharply 
when the caustic is added, the polarity is reversed and must be corrected in accordance with the 
manufacturer's instructions or the probe should be replaced.   

 
4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 

form. 
 

6.5.6 Measurement of Salinity 

6.5.6.1 General 

Salinity is a unitless property of industrial and natural waters.  It is the measurement of dissolved salts in 
a given mass of solution.  Most field meters determine salinity automatically from conductivity and 
temperature.  The displayed value will be displayed in either parts per thousand (ppt) or percent (e.g., 35 
ppt equals 3.5 percent). 
 

6.5.6.2 Principles of Equipment Operation 

Salinity is determined automatically from the meter's conductivity and temperature readings according to 
algorithms (such as are found in Standard Methods for the Examination of Water and Wastewater).  
Depending on the meter, the results are displayed in either ppt or percent.  The salinity measurements 
are carried out in reference to the conductivity of standard seawater (corrected to salinity = 35 ppt). 
 

6.5.6.3 Equipment 

The following equipment is needed for salinity measurements: 
 
• A multi-parameter water quality meter capable of measuring conductivity and temperature and 

converting them to salinity (e.g., Horiba U-22 or YSI 600 series). 
 
• Calibration solution as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 

6.5.6.4 Measurement Techniques for Salinity 

The steps involved in taking salinity measurements are as follows (standardization shall be conducted 
according to manufacturer's instructions): 
 
1. Check the expiration date of the solutions used for field calibration and replace them if they are 

expired. 
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2. Check batteries and calibrate the meter before going into the field. 
 
3. Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent 

information on a water quality meter calibration log sheet or equivalent electronic form. 
 
4. Rinse the cell with the sample to be tested. This is typically accomplished as the probe is placed in 

line during the collection of the purge water up to the time of sample acquisition. 
 
5. Immerse the multi-probe in the sample and measure the salinity.  Read and record the results in a 

field logbook or on a sample log sheet or equivalent electronic form. 
 
6. Rinse the probes with deionized water. 
 
 
6.5.7 Measurement of Turbidity 

6.5.7.1 General 

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather 
than transmitted in a straight line through the sample.  Turbidity in water is caused by suspended matter 
such as clay, silt, or other finely divided organic and inorganic matter and microscopic organisms 
including plankton.   
 
It is important to obtain a turbidity reading immediately after taking a sample because irreversible 
changes in turbidity may occur if the sample is stored too long. 
 

6.5.7.2 Principles of Equipment Operation 

Turbidity is measured by the Nephelometric Method, which is based on a comparison of the intensity of 
light scattered by the sample under defined conditions with the intensity of light scattered by a standard 
reference suspension under the same conditions.  The higher the scattered light intensity, the higher the 
turbidity. 
 
Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid 
natural water.  The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units.  This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle turbidimeter.  Therefore, nephelometric turbidity units (NTUs) based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical 
to them. 
 

6.5.7.3 Equipment 

The following equipment is needed for turbidity measurements: 
 
• A turbidity meter (e.g., LaMotte 2020) that calibrates easily using test cells with standards of 0.0, 1.0, 

and 10 NTUs, or a combination meter equipped with an in-line sample chamber (e.g., YSI 600 series 
and Horiba U-22). 

 
• Calibration solution and sample tubes, as specified by the manufacturer. 
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• Manufacturer's operation manual. 
 

6.5.7.4 Measurement Techniques for Turbidity 

The steps involved in taking turbidity measurements utilizing an electrode (e) or light meter (l) are listed 
below (standardization shall be done according to manufacturer's instructions): 
 
1. Check the expiration date of the solutions used for field calibration and replace them if they are 

expired. 
 
2. Check batteries and calibrate the instrument before going into the field. 
 
3. Calibrate on a daily basis according to the manufacturer's instructions, and record all pertinent 

information on a turbidity meter calibration log sheet (Attachment C) or equivalent electronic form. 
 
4. When using the YSI and/or Horiba U-22, rinse the electrode with one or more portions of the sample 

to be tested or with deionized water. 
 
5. When using the Lamotte 2020, fill the light meter’s glass test cell with approximately 5 mL of sample, 

screw on the cap, wipe off glass to remove all residue that could intercept the instrument’s light 
beam, place the test cell in the light meter, and close the lid. 

 
6. Immerse the electrode in the sample and measure the turbidity.   
 
7. The reading must be taken immediately because suspended solids will settle over time resulting in a 

lower, inaccurate turbidity reading. 
 
8. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form.  

Include a physical description of the sample, including color, qualitative estimate of turbidity, etc. 
 
9. Rinse the electrode or test cell with deionized water.  

 

6.6 Sampling 

6.6.1 Sampling Plan 

The sampling approach consisting of the following shall be developed as part of the project planning 
documents approved prior to beginning work in the field: 
 
• Background and objectives of sampling. 
 
• Brief description of area and waste characterization. 
 
• Identification of sampling locations, with map or sketch, and applicable well construction data (well 

size, depth, screened interval, reference elevation). 
 
• Intended number, sequence, volumes, and types of samples.  If the relative degree of contamination 

between wells is insignificant, a sampling sequence that facilitates sampling logistics may be 
followed.  Where some wells are known or strongly suspected of being highly contaminated, these 
shall be sampled last to reduce the risk of cross-contamination between wells.  In situations where 
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the well is not well-characterized and the nature or extent of airborne contamination is unknown, it is 
recommended that head space analysis using a photoionization detector (PID) or flame ionization 
detector (FID) is performed to rate the wells, sampling from least contaminated to most contaminated.  
Refer to the project-specific HASP for appropriate information and direction on air monitoring 
requirements. 

 
• Sample preservation requirements. 
 
• Work schedule. 
 
• List of team members. 
• List of observers and contacts. 
 
• Other information, such as the necessity for a warrant or permission of entry, requirements for split 

samples, access problems, location of keys, etc. 
 
• The FOL shall ensure that the sampling method(s) to be employed is accurately represented in the 

HASP, indicating the types of sampling to be employed and the hazards.  If the methods are not 
accurately represented, the FOL should rectify this with the HASP author. 

 
• The FOL shall ensure that sampling teams understand the sampling approach that they are to follow. 

Where sampling teams are made up of personnel from multiple locations, personal sampling 
experiences may vary. Therefore the FOL shall review project-specific requirements, SOPs, and 
protocol to be followed.  The FOL will conduct periodic surveys to ensure that these methods are 
being completed per his/her direction. 

 
6.6.2 Sampling Methods as Related to Low-Flow Sampling 

The collection of a groundwater sample consists of the following steps: 
 
1. Ensure the safety of the sample location. Take a few minutes to evaluate the area for physical 

hazards (trip hazards, uneven ground, overhanging branches, etc.) and natural hazards (snakes, 
bees, spiders, etc.) that may exist in the area or that may have constructed nests in the well head. 
Snakes often like to sun themselves on concrete well pads.  Follow provisions in the project-specific 
HASP and/or HSGM for addressing natural hazards. 

 
2. As indicated earlier, some monitoring wells have the potential to contain pressurized headspace 

(e.g., through the generation of gases form contaminated groundwater, due to biological processes, 
degradation of contaminants, or simply based on location such as near a landfill or in areas that 
intersect lithological abnormalities) or through intentional artificial means such as those associated 
with air sparging systems.  Injection or extraction wells may be artificially pressurized and may remain 
so for several days after the system has been turned off.  This presents a hazard to people opening 
these wells. The Field Sampling Technician shall employ the following practices to minimize these 
hazards: 

 
• Wear safety glasses to protect the eyes.  If site-specific observations and conditions indicate that 

the wells may be pressurized, wear a full-face shield over the safety impact eye protection. 
 
• DO NOT place your face or any other part of your body over the well when opening because this 

may place you in a strike zone.  
 

• Open the well cover at arms length, then step away and allow the well to off gas and stabilize. 
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Follow directions provided in the project-specific HASP, Work Plan and/or Sampling Plan pertaining 
to  the use of volatile chemical detection equipment (PID or FID) within the breathing zone of the 
sampler during sampling to determine the need to retreat from the work area and/or for the use of 
respiratory protection (as specified in the HASP). 
 

3. When proper respiratory protection has been donned, sound the well for total depth and water level 
(using clean equipment) and record these data on a groundwater sampling log sheet or equivalent 
electronic form; then calculate the fluid volume in the well pipe (as previously described in this SOP).  
It is imperative that downhole equipment be adequately decontaminated between wells to prevent 
cross-contamination.  Just as sampling occurs from the least contaminated to the most contaminated, 
it is also recommended that groundwater level measurements be taken in this manner. 

 
4. Calculate volume of well water to be removed as described in Section 6.3. 
 
5. Select the appropriate purging equipment (see Attachment A to this SOP) or as designated within 

your Work Plan/Sampling Plan.  If an electric submersible pump with packer is chosen, go to Step 10. 
 
6. Lower the purging equipment or intake into the well to a short distance below the water level or mid-

screen as indicated in project-specific documentation and begin water removal.  Remember that 
some contaminants are "bottom dwellers," and in these cases, project-specific direction may specify 
placing the intake just above (1 to 2 feet) the well bottom.  Secure the pump intake at the well and 
secure the effluent at the collection container and begin pumping.  The pumping rate will be 
determined based on the decrease in the water level (see Section 6.7) or as directed in your project-
specific documents or this SOP.  Purge water is generally collected in a 5-gallon bucket or similar 
open- or closed-top container.  To minimize the potential for spills and back injuries, do not fill 5-
gallon buckets beyond approximately 80 percent of their capacity.  Dispose of purge water was as 
indicated in the planning document(s).  Where necessary, slow the pumping rate or lower the pump 
intake as required to maintain submergence. 

 
7. Estimate the approximate rate of discharge frequently and record it on the Low Flow Purge Data 

Sheet (see Attachment D).  Estimate flow rate by noting the amount of discharge in a bucket or 
graduated cylinder per unit time using a watch with a second hand or a stopwatch.   

 
8. Observe the peristaltic pump tubing intake for degassing "bubbles."  If bubbles are abundant and the 

intake is fully submerged, this pump is not suitable for collecting samples for volatile organics.  
 
9. Purge a minimum of three to five casing volumes before sampling (or as directed by the site-specific 

SAP).  In low-permeability strata (i.e., if the well is pumped to dryness), one volume will suffice.  Allow 
the well to recover to 75 percent of initial water level before sampling.  Do not overfill purge 
containers because this increases the potential for spills and lifting injuries. 

 
10. If sampling using a submersible pump, lower the pump intake to mid-screen (or the middle of the 

open section in uncased wells) and collect the sample.  If sampling with a bailer, lower the bailer to 
just below the water surface.   

 
11. For pump and packer assemblies only:  Lower the assembly into the well so that the packer is 

positioned just above the screen or open section.  Inflate the packer.  Purge a volume equal to at 
least twice the screened interval (or unscreened open section volume below the packer) before 
sampling.  Packers shall always be tested in a casing section above ground to determine proper 
inflation pressures for good sealing. 

 
12. If the recovery time of the well is very slow (e.g., 24 hours or greater), sample collection can be 

delayed until the following day.  If the well has been purged early in the morning, sufficient water may 
be standing in the well by the day's end to permit sample collection.  If the well is incapable of 
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producing a sufficient volume of sample at any time, take the largest quantity available and record 
this occurrence in the site logbook or equivalent electronic form.  When this occurs, contact the 
analytical laboratory to alert them that a reduced sample volume(s) will be submitted for analysis. 

 
13. Fill sample containers and preserve and label them as described in SOP SA-6.1.  Many sample 

bottles will contain preservative when they are shipped to the field.  In those cases, do not add 
preservative. 

 
14. Replace the well cap and lock it as appropriate.  Make sure the well is readily identifiable as the 

source of the sample. 
 
15. Process sample containers as described in SOP SA-6.1. 
 
16. Decontaminate equipment as described in SOP SA-7.1. 
 

6.7 Low-Flow Purging and Sampling 

6.7.1 Scope and Application 

Low-flow purging and sampling techniques may be required for groundwater sampling activities.  The 
purpose of low-flow purging and sampling is to collect groundwater samples that contain "representative" 
amounts of mobile organic and inorganic constituents in the vicinity of the selected open well interval, at 
or near natural flow conditions.  This minimum-stress procedure emphasizes negligible water level 
drawdown and low pumping rates to collect samples with minimal alterations in water chemistry.  This 
procedure is designed primarily to be used in wells with a casing diameter of 1 inch or more and a 
saturated screen length, or open interval, of 10 feet or less.  Samples obtained are suitable for analyses 
of common types of groundwater contaminants (volatile and semivolatile organic compounds, pesticides, 
polychlorinated biphenyls [PCBs], metals and other inorganic ions [cyanide, chloride, sulfate, etc.]).  This 
low-flow procedure is not designed for collection of non-aqueous phase liquid samples from wells 
containing light or dense non-aqueous phase liquids (LNAPLs or DNAPLs). 
 
This procedure is flexible for various well construction types and groundwater yields.  The goal of the 
procedure is to obtain a turbidity level of less than 10 NTUs and to achieve a water level drawdown of 
less than 0.3 foot during purging and sampling.  If these goals cannot be achieved, sample collection can 
take place provided that the remaining criteria in this procedure are met. 
 
6.7.2 Equipment 

The following equipment is required (as applicable) for low-flow purging and sampling: 
 
• Adjustable rate submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel or 

Teflon).   
 
• Disposable clear plastic bottom-filling bailers to be used to check for and obtain samples of LNAPLs 

or DNAPLs. 
 
• Tubing – Teflon, Teflon-lined polyethylene, polyethylene, polyvinyl chloride (PVC), Tygon, or stainless 

steel tubing can be used to collect samples for analysis, depending on the analyses to be performed 
and regulatory requirements. 

 
• Water level measuring device with 0.01-foot accuracy (electronic devices are preferred for tracking 

water level drawdown during all pumping operations). 



 Number 
 SA-1.1 

Page 
 26 of 34 

Subject 
 GROUNDWATER SAMPLE  
 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Revision 
 7 

Effective Date 
 04/07/2008 

 

019611/P Tetra Tech NUS, Inc. 

 
• Interface probe. 
 
• Flow measurement supplies. 
 
• Power source (generator, nitrogen tank, etc.).  If a gasoline generator is used, it must be located 

downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

 
• Indicator parameter monitoring instruments – pH, turbidity, specific conductance, and temperature.  

Use of a flow-through cell is recommended.  Optional indicators - ORP, salinity, and DO.  A flow-
through cell (also referred to as an in-line sample chamber) is required. 

 
• Standards to perform field calibration of instruments. 
 
• Decontamination supplies. 
 
• Logbook(s) and other forms (see Attachments B through D) or equivalent electronic form(s). 
 
• Sample bottles. 
 
• Sample preservation supplies (as required by the analytical methods). 
 
• Sample tags and/or labels. 
 
• Well construction data, location map, field data from last sampling event (if available). 
 
• Field Sampling Plan. 
 
• PID or FID instrument for measuring volatile organic compounds (VOCs) per the HASP. 
 
6.7.3 Purging and Sampling Procedure 

1. Open the monitoring well as stated earlier and step away.  Prepare sampling equipment while 
allowing 3 to 5 minutes to allow the water level to reach equilibrium.  In situations where VOCs are 
the primary contaminants of concern, air monitoring of the samplers' breathing zone areas may be 
required by the HASP (typically with a PID or FID).   

 
2 Measure the water level immediately prior to placing the pump in the well and record the water level 

on the Low-Flow Purge Data Form or equivalent electronic form immediately prior to placing the 
pump or tubing into the well. 

 
3. Lower the measuring device further into the well to collect the total depth measurement.  Again wait 3 

to 5 minutes to allow the well to equilibrate to the initial water level prior to placing the pump or pump 
intake in the well.   

 
4. Record the total well depth on the Low-Flow Purge Data Form or equivalent electronic form 

immediately prior to placing the pump or tubing into the well 
 
5. Lower the pump or tubing slowly into the well so that the pump intake is located at the center of the 

saturated screen length of the well.  If possible, keep the pump intake at least 2 feet above the 
bottom of the well to minimize mobilization of sediment that may be present in the bottom of the well.  
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Collection of turbidity-free water samples may be difficult if there is 3 feet or less of standing water in 
the well. 

 
6. Start with the initial pump rate set at approximately 0.1 liter per minute.  Use a graduated cylinder and 

stopwatch to measure the pumping rate.  Adjust the pumping rates as necessary to prevent 
drawdown from exceeding 0.3 foot during purging.  If no drawdown is noted, the pump rate may be 
increased (to a maximum of 0.4 liter per minute) to expedite the purging and sampling event.  The 
pump rate will be reduced if turbidity is greater than 10 NTUs after all other field parameters have 
stabilized.  If groundwater is drawn down below the top of the well screen, purging shall cease or the 
well shall be pumped to dryness and then allowed to recover before purging continues.  Well 
recovery to 75 percent is necessary prior to sampling.  Slow-recovering wells should be identified and 
purged at the beginning of the workday to maximize field work efficiency.  If possible, samples should 
be collected from these wells within the same workday and no later than 24 hours after the end of 
purging.  

 
7. Measure the water level in the well every 5 to 10 minutes using the water level meter.  Record the 

well water level on the Low Flow Purge Data Form (Attachment D) or equivalent electronic form. 
8. Record on the Low Flow Purge Data Form every 5 to 10 minutes the water quality parameters (pH, 

specific conductance, temperature, turbidity, ORP, DO, and salinity or as specified by the approved 
site-specific planning document) measured by the water quality meter and turbidity meter.  If the cell 
needs to be cleaned during purging operations, continue pumping (allow the pump to discharge into a 
container) and disconnect the cell.  Rinse the cell with distilled/deionized water.  After cleaning is 
completed, reconnect the flow-through cell and continue purging.  Document the cell cleaning on the 
Low-Flow Purge Data Form or equivalent electronic form. 

 
9. Estimate the flow rate by noting the amount of discharge in a graduated cylinder per unit time using a 

watch with a second hand.  Remeasure the flow rate any time the pump rate is adjusted and 
periodically during purging. This will determine if a reduction in rate has occurred due to possible 
battery depletion. 

 
10. During purging, check for the presence of bubbles in the flow-through cell.  The presence of bubbles 

is an indication that connections are not tight.  If bubbles are observed, check for loose connections 
and tighten, repair, or replace them as necessary to achieve a tight connection. 

 
11. Wait until stabilization is achieved, or a minimum of two saturated screen volumes have been 

removed and three consecutive readings, taken at 5 to 10 minute intervals, are within the following 
limits, then begin sampling: 

 
• pH ±0.2 standard units 
• Specific conductance ±10% 
• Temperature ±10% 
• Turbidity less than 10 NTUs 
• DO ±10% 

 
12. If the above conditions have not been met after the well has been purged for 4 hours, purging will be 

considered complete and sampling can begin.  Record the final well stabilization parameters from the 
Low-Flow Purge Data Form onto the Groundwater Sample Log Form or equivalent electronic form. 

 
NOTE: VOC samples are preferably collected first, directly into pre-preserved sample containers.  Fill all 
sample containers by allowing the pump discharge to flow gently down the inside of the container with 
minimal turbulence. 
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13. If the water column in the pump tubing collapses (water does not completely fill the tubing) before 
exiting the tubing, use one of the following procedures to collect VOC samples: 

 
• Collect samples for non-VOC analyses first, then increase the flow rate incrementally until the 

water column completely fills the tubing, collect the sample for VOCs, and record the new flow 
rate. 

 
• Reduce the diameter of the existing tubing until the water column fills the tubing either by adding 

a connector (Teflon or stainless steel) or clamp, which should reduce the flow rate by constricting 
the end of the tubing.  Proceed with sample collection. 

 
• Insert a narrow-diameter Teflon tube into the pump's tubing so that the end of the tubing is in the 

water column and the other end of the tubing protrudes beyond the pump's tubing, then collect 
the sample from the narrow diameter tubing. 

 
• Prepare samples for shipping as per SOP SA-6.1. 
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ATTACHMENT A 

 
PURGING EQUIPMENT SELECTION 

 
Diameter Casing BBaaiilleerr  Peristaltic 

Pump 
VVaaccuuuumm  
PPuummpp  

AAiirr--lliifftt  DDiiaapphhrraaggmm  
""TTrraasshh""  
PPuummpp  

SSuubbmmeerrssiibbllee  
DDiiaapphhrraaggmm  

PPuummpp  

SSuubbmmeerrssiibbllee  
EElleeccttrriicc  PPuummpp  

SSuubbmmeerrssiibbllee  
EElleeccttrriicc  PPuummpp  

ww//PPaacckkeerr  

11..2255--IInncchh  WWaatteerr  lleevveell  
<<2255  ffeeeett  

XX  XX  XX  XX  XX        

  WWaatteerr  LLeevveell  
>>2255  ffeeeett  

XX     XX          

2-Inch Water level 
<25 feet 

XX  X XX  XX  XX  XX      

 WWaatteerr  LLeevveell  
>>2255  ffeeeett  

XX     XX    XX      

44--IInncchh  WWaatteerr  lleevveell  
<<2255  ffeeeett  

XX  XX  XX  XX  XX  XX  XX  XX  

  WWaatteerr  LLeevveell  
>>2255  ffeeeett  

XX     XX    XX  XX  XX  

66--IInncchh  WWaatteerr  lleevveell  
<<2255  ffeeeett  

    XX  XX    XX  XX  

  WWaatteerr  LLeevveell  
>>2255  ffeeeett  

    XX      XX  XX  

88--IInncchh  WWaatteerr  lleevveell  
<<2255  ffeeeett  

    XX  XX    XX  XX  

  WWaatteerr  LLeevveell  
>>2255  ffeeeett  

    XX      XX  XX  
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Manufacturer Model 
Name/Number 

Principle of 
Operation 

Maximum 
Outside 

Diameter/L 
ength 

(Inches) 

Construction 
Materials (w/Lines 

and Tubing) 

Lift 
Range 

(ft) 

Delivery Rates 
or Volumes 

1982 
Price 

(Dollars) 

Comments 

BarCad 	Systems, 
Inc. 

BarCad Sampler Dedicated; 	gas 
drive 	(positive 
displacement) 

1.5/16 PE, 	brass, 	nylon, 
aluminum oxide 

0-150 
with std. 
tubing 

1 	liter for each 
10-15 feet 	of 
submergence 

$220-350 Requires compressed gas; custom sizes and 
materials available; acts as piezometer. 

Cole-Parmer 	Inst. Master Flex 7570 Portable; <1.0/NA (not submersible) 0-30 670 	mUmin $500-600 AC/DC; 	variable 	speed 	control 	available; 
Co. Portable Sampling peristaltic Tygon®, 	silicone with 	7015- other models may have different flow rates. 

Pump (suction) Viton® 20 pump head 

ECO Pump Corp. SAMPLifier Portable; venturi <1.5 or PP, PE, PVC, SS, 0-100 0-500 	mL/min $400-700 AC, DC, or gasoline-driven motors available; 
<2.0/NA Teflon®, Tefzel® depending 	on 

lift 
must be primed. 

Geltek Corp. Bailer 219-4 Portable; 	grab 1.66/38 Teflon® No limit 1,075 mL $120-135 Other sizes available. 
(positive 
displacement) 

GeoEngineering, 
Inc. 

GEO-MONITOR Dedicated; 	gas 
drive 	(positive 
displacement) 

1.5/16 PE, 	PP, 	PVC, 
Viton® 

Probably 
0-150 

Approximately 
1 liter 	for each 
10 feet 	of 
submergence 

$185 Acts as piezometer; requires compressed 
gas. 

Industrial 	and Aquarius Portable; 	bladder 1.75/43 SS, Teflon®, Viton® 0-250 0-2,800 mUmin $1,500- Requires 	compressed 	gas; 	other 	models 
Environmental 
Analysts, Inc. (IEA) 

(positive 
displacement) 

3,000 available; 	AC, 	DC, 	manual 	operation 
possible. 

lEA Syringe Sampler Portable; 	grab 
(positive 
displacement) 

1.75/43 SS, Teflon® No limit 850 	mL 
sample volume 

$1,100 Requires vacuum and/or pressure from hand 
pump. 

Instrument 
Specialties 	Co. 
(ISCO) 

Model 	2600 
Well Sampler 

Portable; 	bladder 
(positive 
displacement) 

1.75/50 PC, 	silicone, 
Teflon®, 	PP, 	PE, 
Detrin®, acetal 

0-150 0-7,500 mUmin $990 Requires compressed gas (40 psi minimum). 

Keck 	Geophysical 
Instruments, Inc. 

SP-81 
Submersible 
Sampling Pump 

Portable; 	helical 
rotor 	(positive 
displacement) 

1.75/25 SS, 	Teflon®, 	PP, 
EPDM, Viton® 

0-160 0-4,500 mUmin $3,500 DC operated. 

Leonard Mold and GeoFilter 	Small Portable; 	bladder 1.75/38 SS, 	Teflon®, 	PC, 0-400 0-3,500 mUmin $1,400- Requires compressed gas (55 psi minimum); 
Die Works, Inc. Diameter 	Well 

Pump (#0500) 
(positive 
displacement) 

Neoprene® 1,500 pneumatic or AC/DC control module. 

Oil 	Recovery 
Systems, Inc. 

Surface Sampler Portable; 	grab 
(positive 
displacement) 

1.75/12 acrylic, Detrin® No limit Approximately 
250 mL 

$125-160 Other materials and models available; for 
measuring 	thickness 	of 	"floating" 
contaminants. 

Q.E.D. 
Environmental 
Systems, Inc. 

Well 	Wizard® 
Monitoring System 
(P-100) 

Dedicated; 
bladder 	(positive 
displacement) 

1.66/36 PVC 0-230 0-2,000 mUmin $300-400 Requires compressed gas; piezometric level 
indicator; other materials available. 
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ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

PAGE 3 

Manufacturer Model 
Name/Number 

Principle of 
Operation 

Maximum 
Outside 

Diameter/L 
ength 

(Inches) 

Construction Materials 
(w/Lines and Tubing) 

Lift Range 
(ft) 

Delivery Rates or 
Volumes 

1982 
Price 

(Dollars) 

Comments 

Randolph 	Austin Model 	500 Portable; 	peristaltic <0.5/NA (Not submersible) 0-30 See comments $1,200- Flow rate dependent on motor and 
Co. Vari-Flow Pump (suction) Rubber, 	Tygon®, 	or 

Neoprene® 
1,300 tubing selected; AC operated; other 

models available.  
Robert 	Bennett Model 180 Portable; 	piston 1.8/22 SS, Teflon®, Delrins PP, 0-500 0-1,800 mUmin $2,600- Requires compressed gas; water level 
Co. (positive 

displacement) 
Viton®, acrylic, PE 2,700 indicator 	and 	flow 	meter; 	custom 

models available. 

Slope 	Indicator Model 	514124 Portable; 	gas 	drive 1.9/18 PVC, nylon 0-1,100 250 	mUflushing $250-350 Requires 	compressed 	gas; 	SS 
Co. (SINCO) Pneumatic 

Water Sampler 
(positive 
displacement) 

cycle available; piezometer model available; 
dedicated model available. 

Solinst 	Canada 5W 	Water Portable; 	grab 1.9/27 PVC, 	brass, 	nylon, 0-330 500 mL $1,300- Requires compressed 	gas; 	custom 
Ltd. Sampler (positive 

displacement) 
Neoprene® 1,800 models available. 

TIMCO Mfg. Co., 
Inc. 

Std. Bailer Portable; 	grab 
(positive 
displacement) 

1.66/Custo 
m 

PVC, PP No limit 250 	mUft 	of 
bailer 

$20-60 Other 	sizes, 	materials, 	models 
available; 	optional 	bottom-emptying 
device available; no solvents used. 

TIMCO Air or Gas 	Lift 
Sampler 

Portable; 	gas 	drive 
(positive 
displacement) 

1.66/30 PVC, Tygon®, Teflon® 0-150 350 	mUflushing 
cycle 

$100-200 Requires 	compressed 	gas; 	other 
sizes, materials, models available; no 
solvents used. 

Tole Devices Co. Sampling Pump Portable; 	bladder 1.38/48 SS, 	silicone, 	Delrin®, 0-125 0-4,000 mUmin $800- Compressed gas required; DC control 
(positive 
displacement) 

Tygon® 1,000 module; custom built. 

Construction Material Abbreviations: 

PE 	 Polyethylene 
PP 	 Polypropylene 
PVC 	 Polyvinyl chloride 
SS 	Stainless steel 
PC 	Polycarbonate 
EPDM 	Ethylene-propylene diene (synthetic rubber) 

Other Abbreviations: 

NA 	Not applicable 
AC 	Alternating current 
DC 	Direct current 

NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not meant to be 
all-inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature and/or personal communication. No skimmer, 
scavenger-type, or high-capacity pumps are included. 

Source: Barcelona et al., 1983. 
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Tetra Tech NUS, Inc 
GROUNDWATER SAMPLE LOG SHEET 

Page 	of 

Project Site Name: 
Project No.: 

[ ] Domestic Well Data 
[x] Monitoring Well Data 
[ ] Other We}I Type: 
[ ] CA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
[X] Low Concentration 
[ ] High Concentration 

SAMPLING DAM 

Pate: Color 

Visual 

pH 

Standard 

S.C. 

rnSiom 

Temp. 

Degrees C 

Turbidity 

NTU 

DO 

mg/1 

ORP 

mV 

Other 

NA Time: 

Method: 

PURGE DATA: 

Date: Volume pH S.C. Temp. IC) Turbidity DO ORP Other 

Method: 

Monitor Reading (ppm): SEE LOW FLOW PURGE DATA SHEET 

Well Casing Diameter & Material 

Type: 

Total Well Depth (TD). 

Static Water Level (VVL): 

Ore Casing Volume(gal/L): 

Start Purge (hrs): 

End Purge (hre): 

Total Purge Time (rain): 

Total Vol. Purged (gal/L): 
'', 

SAMPLE coLLEgriglifireFORMATIDN: 	.. 	' 	 Id 	III I  	

Analysis Preservative Container Requirements Collected 

OBSEIVATEPOS /NOTE • 	hl '1.1 	1:1  ' 	1.111 	III! 	.;11 	IIIII 

Circle it Applical2le: 	thill 	0 	91 	19 	ill 	
p 	T Signature(s): 

MSIMSD Duplicate ID No.: 
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GROUNDWATER SAMPLE LOG SHEET 

 

 



Date 
of 

Calibration 

Instrument 
I.D. 

Number 

Person 
Performing 
Calibration 

Instrument Readin•s 
Pre- 	Post- 

calibration calibration 

Calibration 
Standard 
(Lot No.) 

Remarks 
and 

Comments 

Instrument Settin•s 
Pre-

calibration 
Post-

calibration 

Tetra Tech NUS, Inc. 	 EQUIPMENT CALIBRATION LOG 

PROJECT NAME: 

SITE NAME: 

PROJECT No.: 

 

INSTRUMENT NAME/MODEL: 

MANUFACTURER: 

 

  

 

SERIAL NUMBER: 
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ATTACHMENT C 
EQUIPMENT CALIBRATION LOG 

 
 

 
 
 



(Th 
	

LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: 
PROJECT NUMBER; 

 

WELL ID.: 
DATE: 

 

  

    

, 
Time 

AHrSh.:41: 

Water Level 

 (Ft. below TOC) 

Flow 

(raiblin.) 

pH 

q iS.U.:f 

S. Cond. 

.'trnS/cIrf 

Turb. 

(NTU) .  

DO 

(mg/L)" 

Temp. 

(Ce[WOO 

ORP 

''mV 

Salinity 

IO'ciiMil 
Comments 

SIGNATURE(S): 
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1.0 	PURPOSE 

The purpose of this procedure is to provide general reference information on Direct Push Technology 
(DPT). DPT is designed to collect soil, groundwater, and soil gas samples without using conventional 
drilling techniques. The advantage of using DPT over conventional drilling includes the generation of little 
or no drill cuttings, sampling in locations with difficult accessibility, reduced overhead clearance 
requirements, no fluid introduction during probing, and typical lower costs per sample than with 
conventional techniques. Disadvantages include a maximum penetration depth of approximately 15 to 
40 feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological 
environments), reduced capability of obtaining accurate water-level measurements, and the inability to 
install permanent groundwater monitoring wells. The methods and equipment described herein are for 
collection of surface and subsurface soil samples and groundwater samples. Soil gas sampling is 
discussed in SOP SA-2.4. 

	

2.0 	SCOPE 

This procedure provides information on proper sampling equipment and techniques for DPT. Review of 
the information contained herein will facilitate planning of the field sampling effort by describing standard 
sampling techniques. The techniques described shall be followed whenever applicable, noting that site-
specific conditions or project-specific plans may require adjustments in methodology. 

	

3.0 	GLOSSARY 

Direct Push Technology (DPT) - OPT refers to sampling tools and sensors that are driven directly into the 
ground without the use of conventional drilling equipment. DPT typically utilizes hydraulic pressure and/or 
percussion hammers to advance the sampling tools. A primary advantage of DPT over conventional 
drilling techniques is that DPT results in the generation of little or no investigation derived waste. 

Geoprobe® - Geoprobe® is a manufacturer of a hydraulically-powered, percussion/probing machines 
utilizing DPT to collect subsurface environmental samples. Geoprobe® relies on a relatively small amount 
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string. The 
Geoprobe® equipment can be mounted in a multitude of vehicles for access to all types of environmental 
sites. 

HvdroPunchTM - HydroPunchTM is a manufacturer of stainless steel and Teflon® sampling tools that are 
capable of collecting representative groundwater and/or soil samples without requiring the installation of a 
groundwater monitoring well or conventional soil boring. HydroPunchTM is an example of DPT sampling 
equipment. 

Flame Ionization Detector (FID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is 
the ionization of gaseous species utilizing a flame as the energizing source. 

Photo Ionization Detector (PID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is 
the ionization of gaseous species utilizing ultraviolet radiation as the energizing source. 

	

4.0 	RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for selecting and/or reviewing the appropriate DPT 
drilling procedure required to support the project objectives. 
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Field Operations Leader (FOL)- The FOL is primarily responsible for performing the DPT in accordance 
with the project-specific plan. 

	

5.0 	SOIL SAMPLING PROCEDURES 

	

5.1 	General 

The common methodology for the investigation of the vadose zone is soil boring drilling and soil sampling. 
However, drilling soil borings can be very.expensive. Generally the advantage of DPT for subsurface soil 
sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times. 

5.2 	Sampling Equipment 

Equipment needed for conducting DPT drilling for subsurface soil sampling includes, but is not limited to, 
the following: 

Geoprobe® Sampling Kit 
Cut-resistant gloves 
4-foot x 1.5-inch diameter macrocore sampler 
Probe sampling adapters 
Roto-hammer with 1.5-inch bit 
Disposable acetate liners for soil macrocore sampler 
Cast aluminum or steel drive points 
Geoprobe®AT-660 Series Large Bore Soil Sampler, or equivalent 
Standard decontamination equipment and solutions 

For health and safety equipment and procedures, follow the direction provided in the Safe Work Permit in 
Attachment 1, or the more detailed directions provided in the project's Health and Safety Plan. 

5.3 	DPT Sampling Methodology 

There are several methods for the collection of soil samples using DPT drilling. The most common 
method is discussed in the following section. Variations of the following method may be conducted upon 
approval of the Project Manager in accordance with the project-specific plan. 

Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground 
using hydraulic pressure. If there is concrete or pavement over a sampling location, a Roto-hammer 
is used to drill a minimum 1.5-inch diameter hole through the surface material. A Roto-hammer may 
also be used if very dense soils are encountered. 

The sampler is advanced continuously in 4-foot intervals or less if desired. No soil cuttings are 
generated because the soil which is not collected in the sampler is displaced within the formation. 

The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer 
coring tube. The sample is contained within an inner acetate liner. 

Attach the metal trough from the Geoprobe® Sampling Kit firmly to the tail gate of a vehicle. If a 
vehicle with a tail gate is not available, secure the trough on another suitable surface. 

Place the acetate liner containing the soils in the trough. 
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• While wearing cut-resistant gloves (constructed of leather or other suitable material), cut the acetate 
liner through its entire length using the double-bladed knife that accompanies the Geoprobe® 
Sampling Kit. Then remove the strip of acetate from the trough to gain access to the collected soils. 
Do not attempt to cut the acetate liner while holding it in your hand. 

• Field screen the sample with an FID or PID, and observe/examine the sample (according to SOP GH-
1.3). If appropriate, transfer the sample to sample bottles for laboratory analysis. If additional volume 
is required, push an additional boring adjacent to the first and composite/mix the same interval. Field 
compositing is usually not acceptable for sample requiring volatile organics analysis. 

Once sampling has been completed, the hole is backfilled with bentonite chips or bentonite cement 
grout, depending upon project requirements. Asphalt or concrete patch is used to cap holes through 
paved or concrete areas. All holes should be finished smooth to existing grade. 

In the event the direct push van/truck cannot be driven to a remote location or a sampling location with 
difficult accessibility, sampling probes may be advanced and sampled manually or with air/electric 
operated equipment (e.g., jack hammer). 

Sampling equipment is decontaminated prior to collecting the next sample. 
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static water level will be taken. The initial mc\acurement-of the water level will b usod to assess the 

In the event the direct push van/truck cannot hr rtrivian to a ran-tarp location nr sampling Ine,atirm with .  

A record of all field procedures, tests, and observations must be recorded in the field logbook, boring logs, 
and sample log sheets, as needed. Entries should include all pertinent data regarding the investigation. 
The use of sketches and field landmarks will help to supplement the investigation and evaluation. 
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ATTACHMENT 1  
SAFE WORK PERMIT FOR DPT OPERATIONS 

Permit No. 	 Date: 	 Time: From 	 to 

SECTION I: General Job Scope 
I. Work limited to the following (description, area, equipment 

through direct push technology 
used): Monitoring well drilling and installation 

II. Required Monitoring Instruments: 

III. Field Crew: 

IV. On-site Inspection conducted ■ Yes 	■ 	No 	Initials 

SECTION II: General Safety Requirements (To be filled in by permit 
V. Protective equipment required 	 Respiratory 

Level D CI Level B ■ 	 Full 
Level C ■ Level A ■ 	 Half 
Detailed on Reverse 	 SKA-PAC 

Level D Minimum Requirements: Sleeved shirt and long pants, 

of Inspector 

Skid 

TtNUS 
issuer) 
equipment required 

face APR 	❑ 	Escape Pack 	■ 
face APR 	■ 	 SCBA 	■ 

SAR 	■ 	Bottle Trailer 	■ 
Rig 	 ■ 	 None 	0 

safety footwear, and work gloves. 	Safety glasses, 
hard hats, and hearing protection will be worn when working near or sampling in the vicinity of the DPT rig. 

Modifications/Exceptions. 
VI. Chemicals of Concern 	 Action Level(s) 	 Response Measures 

VII. Additional Safety Equipment/Procedures 
Hard-hat 	I 	Yes ■ No 
Safety Glasses  	0 Yes ■ No 
Chemical/splash goggles 	■ Yes 0 No 
Splash Shield 	■ Yes e No 
Splash suits/coveralls 	■ Yes ■ No 
Steel toe Work shoes or boots 0 Yes 	■ No 
Modifications/Exce tions: Reflective vests for hi •h traffic 

Hearing Protection (Plugs/Muffs) 0 Yes 	■ No 
Safety belt/harness 	 ■ Yes 	'I No 
Radio 	 ■ Yes 	No 
Barricades 	 t2 Yes 	■ No 
Gloves (Type - 	 Yes 	■ No 
Work/warming regimen 	■ Yes 	■ No 
areas. 

VIII. Procedure review with permit acceptors 	Yes 	NA 
Safety shower/eyewash (Location & Use) 	■ 
Daily tail gate meetings 	 0 
Contractor tools/equipment/PPE inspected 	1-1 	fl 

Yes 	NA 
Emergency alarms 	 
Evacuation routes 	  
Assembly points 	  

IX. Site Preparation 
Utility Clearances obtained for areas of subsurface investigation 	 ■ Yes 
Physical hazards removed or blockaded 	 ■ Yes ■ No 
Site control boundaries demarcated/signage 	 ■ Yes ■ No 

X. Equipment Preparation 	. 	 Yes 	NA 
Equipment drained/depressurized 	 ■ 	0 
Equipment purged/cleaned 	 ■ 	0 
Isolation checklist completed 	 ■ 	0 
Electrical lockout required/field switch tested 	 ■ 	Q 
Blinds/misalignments/blocks & bleeds in place 	 ■ 	ii2 
Hazardous materials on walls/behind liners considered 	 17 	154 

Xl. 	Additional Permits required (Hot work, confined space entry). 	 ■ Yes 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

XII. 	Special instructions, precautions: 

Permit Issued by: 	 Permit Accepted by: 
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1.0 	PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification 
is addressed in SOP CT-04. 

	

2.0 	SCOPE 

This procedure describes the appropriate containers to be used for samples depending on the analyses to 
be performed, and the steps necessary to preserve the samples when shipped off site for chemical 
analysis. 

	

3.0~ 	GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 
as materials designated as hazardous under the provisions of §172.101 and §172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. With slight modifications, IATA has 
adopted DOT "hazardous materials" as IATA "Dangerous Goods." 

Hazardous Waste - Any substance listed in 40 CFR, Subpart D (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated by 
EPA. 

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.).  

n.o.s. - Not otherwise specified. 

Packaging - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment 
function in conformance with the minimum packaging requirements of 49 CFR 173.24(a) & (b). 

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is placed 
on the side of a vehicle transporting certain hazardous materials. 

Common Preservatives: 

Hydrochloric Acid - HC1 
Sulfuric Acid - H2SO4  
Nitric Acid - HNO3  
Sodium Hydroxide - NaOH 
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Other Preservatives 

Zinc Acetate 
Sodium Thiosulfate - Na2S2O3  

Normality (N)  - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent. 

Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of the 
Appendix to DOT 49 CFR §172.101 for any material identified in column 1 of the appendix. A spill greater 
than the amount specified must be reported to the National Response Center. 

Sample - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

	

4.0 	RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the shipper. 

	

5.0 	PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 

	

5.1 	Sample Containers  

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well as 
other information) per 40 CFR 136. In general, the sample container shall allow approximately 
5-10 percent air space ("ullage") to allow for expansion/vaporization if the sample warms during transport. 
However, for collection of volatile organic compounds, head space shall be omitted. The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechnical analysis. Sufficient lead time shall be allowed for a delivery of sample container 
orders. Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to 
analysis. 

Once opened, the container must be used at once for storage of a particular sample. Unused but opened 
containers are to be considered contaminated and must be discarded. Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded. 

5.2 	Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete and 
irreversible preservation of samples is not possible, preservation does retard the chemical and biological 
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that inevitably take place after the sample is collected. 	Preservation techniques are usually 
to pH control, chemical addition(s), and refrigeration/ freezing (certain biological samples only). 

Overview 

preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents 
for sample preservation will either be added to the sample containers by the laboratory prior 

shipment to the field or be added in the field (in a clean environment). Only high purity reagents shall 
used for preservation. In general, aqueous samples of low-concentration organics (or soil samples 

or medium-concentration organics) are cooled to 4°C. 	Medium-concentration aqueous samples, 
-hazard organic samples, and some gas samples are typically not preserved. 	Low-concentration 

samples for metals are acidified with HNO3, whereas medium-concentration and high-hazard 
metal samples are not preserved. 	Low- or medium-concentration soil samples for metals are 

to 4°C, whereas high-hazard samples are not cooled. 

following subsections describe the procedures for preparing and adding chemical preservatives. 
A and B indicate the specific analytes which require these preservatives. 

FOL is responsible for ensuring that an accurate Chemical Inventory is created and maintained for 
chemicals brought to the work site (see Section 5 of the TtNUS Health and Safety Guidance 

Furthermore, the FOL must ensure that a corresponding Material Safety Data Sheet (MSDS) 
for every substance entered on the site Chemical Inventory, and that all persons using/handling/ 
of these substances review the appropriate MSDS for substances they will work with. 	The 
Inventory and the MSDSs must be maintained at each work site in a location and manner where 

are readily-accessible to all personnel. 

Preparation and Addition of Reagents 

of the following acids or bases may be specified for sample preservation; these reagents shall be 
reagent (AR) grade or purer and shall be diluted to the required concentration with deionized 

before field sampling commences. To avoid uncontrolled reactions, be sure to Add Acid to water 
vice versa). A dilutions guide is provided below. 

to 

of 

all 

is 

Acid/Base Dilution Concentration Estimated 
Amount 

Required for 
Preservation 

Hydrochloric Acid (HCI) 1 part concentrated HCI: 1 part 
double-distilled, deionized water 

6N 5-10 mL 

Sulfuric Acid (H2SO4) 1 part concentrated H2SO4: 1 part 
double-distilled, deionized water 

18N 2 - 5 mL 

Nitric Acid (HNO3) Undiluted concentrated HNO3  16N 2 - 5 mL 

Sodium Hydroxide 
(Na0Ft) 

400 grams solid NaOH dissolved in 
870 mL double-distilled, deionized 
water; yields 1 liter of solution 

10N 2 mL 

The 
preservative 
sample 
vary, 
narrow 

amounts required for preservation shown in the above table assumes proper preparation of the 
and addition of the preservative to one liter of aqueous sample. 	This assumes that the 

is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions 
more preservative may be required. 	Consequently, the final sample pH must be checked using 
-range pH paper, as described in the generalized procedure detailed below: 
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Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to check the 
initial sample pH using wide range (0-14) pH paper. Never dip the pH paper into the sample; always 
apply a drop of sample to the pH paper using a clean stirring rod or pipette. 

Add about one-half of the estimated preservative required to the original sample bottle. Cap and 
invert gently several times to mix. Check pH (as described above) using medium range pH paper (pH 
0-6 or pH 7.5-14, as applicable). 

Cap sample bottle and seal securely. 

Additional considerations are discussed below: 

To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can 
be properly preserved, place a drop of sample on Kt-starch paper. A blue color indicates the need for 
ascorbic acid addition. 

If required, add a few crystals of ascorbic acid to the sample and retest with the Kt-starch paper. 
Repeat until a drop of sample produces no color on the Kt-starch paper. Then add an additional 
0.6 grams of ascorbic acid per each liter of sample volume. 

Continue with proper base preservation of the sample as described above. 

Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate 
solution per 100 ml of sample. 

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double-
distilled, deionized water to make 1 liter of solution. 

The sample pH is then raised to 9 using the NaOH preservative. 

Sodium thiosulfate must be added to remove residual chlorine from a sample. To test the sample for 
residual chlorine use a field test kit specially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosuifate per liter of sample to remove the 
residual chlorine. 

Continue with proper acidification of the sample as described above. 

For biological samples, 10% buffered formalin or isopropanol may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 

5.3 	Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents. 
Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described below: 

The sample shall be filtered through a non-metallic, 0.45-micron membrane filter, immediately after 
collection. The filtration system shall consist of dedicated filter canister, dedicated tubing, and a 
peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by 
mechanical peristalsis, the sample travels only through the tubing). 
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• To perform filtration, thread the tubing through the peristaltic pump head. Attach the filter canister to 
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample 
container to the intake end of the silicon tubing. Turn the peristaltic pump on and perform filtration. 
Run approximately 100 ml of sample through the filter and discard prior to sample collection. 

Continue by preserving the filtrate (contained in the filter canister), as applicable and generally 
described above. 

5.4 	Sample Packaging and Shipping 

Only employees who have successfully completed the TtNUS "Shipping Hazardous Materials" training 
course are authorized to package and ship hazardous substances. These trained individuals are 
responsible for performing shipping duties in accordance with this training. 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samples. Samples from drums containing materials other than Investigative Derived Waste 
(IDW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials. A distinction must be made between the two types of samples in order to: 

Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall 
be considered hazardous and shipped accordingly.) 

• Protect the health and safety of transport and laboratory personnel receiving the samples (special 
precautions are used by the shipper and at laboratories when hazardous materials are received.) 

Detailed procedures for packaging environmental samples are outlined in the remainder of this section. 

5.4.1 	Environmental Samples 

Environmental samples are packaged as follows: 

Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. Ziploc 
baggie), and seal the bag. 

Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic bag 
(e.g. "garbage" bag). Drain plugs on coolers must be taped shut. 

Pack with enough cushioning materials such as bubble wrap (shoulders of bottles must be iced if 
required) to minimize the possibility of the container breaking. 

If cooling is required (see Attachments A and B), place ice around sample container shoulders, and on 
top of packing material (minimum of 8 pounds of ice for a medium-size cooler). 

Seal (i.e., tape or tie top in knot) large liner bag. 

The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and 
taped inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COC 
form, the COC form should be sent with the cooler containing the vials for VOC analysis. The COC 
form should then state how many coolers are included with that shipment. 

Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must be used. 
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Coolers must be marked as containing "Environmental Samples." The appropriate side of the container 
must be marked "This End Up" and arrows placed appropriately. No DOT marking or labeling is required; 
there are no DOT restrictions on mode of transportation. 

6.0 	REFERENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition. APHA, Washington, D.C. 

International Air Transport Association (latest issue). Dangerous Goods Regulations, Montreal, Quebec, 
Canada. 

U.S. Department of Transportation (latest issue). Hazardous Materials Regulations, 49 CFR 171-177. 

U.S. EPA, 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act." Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020, U.S. EPA-
EMSL, Cincinnati, Ohio. 
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ATTACHMENT A 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 
Sample Type and Concentration Containerw  Sample Size Preservationm Holding Time 

WATER 
Organics 
(GC&GC/MS) 

VOC 	 Low Borosilicate glass 2 x 40 mL Cool to 4°C 
Ha to s 2 

14 days(9)  

Extractables 	(Low 
SVOCs and 
pesticide/PCBs) 

Amber glass 2x2 L or 4x1 L Cool to 4°C 7 days to extraction; 
40 days after extraction 

Extractables 	(Medium 
SVOCs and 
pesticide/PCBs) 

Amber glass 2x2 L or 4x1 L None 7 days to extraction; 
40 days after extraction 

Inorganics Metals 	 Low High-density polyethylene 1 L HNO3to pH <2 6 months (Hg-28 days) 

Medium Wide-mouth glass 16 oz. None 6 months 

Cyanide 	 Low High-density polyethylene 1 L NaOH to pH>12 14 days 

Cyanide 	Medium Wide-mouth glass 16 oz. None 14 days 

Organic! 
Inorganic 

High Hazard Wide-mouth glass . 8 oz. None 14 days 

SOIL 
Organics 
(GC&GC/MS) 

VOC EnCore Sampler (3) 5 g Samplers Cool to 4°C 48 hours to lab 
preservation 

Extractables 	(Low 
SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 8 oz. Cool to 4°C 14 days to extraction; 
40 days after extraction 

Extractables 	(Medium 
SVOCs and 
pesticides/PCBs) 

Wide-mouth glass 8 oz. Cool to 4°C 14 days to extraction; 
40 days after extraction 

Inorganics Low/Medium Wide-mouth glass 8 oz. Cool to 4°C 6 months 
(Hg - 28 days) 
Cyanide (14 days) 

Organic/Inorga 
nic 

High Hazard Wide-mouth glass 8 oz. None NA 

Dioxin/Furan All Wide-mouth glass 4 oz. None 35 days until 
extraction; 
40 days after extraction 

TCLP All Wide-mouth glass 8 oz. None 7 days until 
preparation; analysis 
as per fraction 

AIR 
Volatile 
Organics 

Low/Medium Charcoal tube -- 7 cm long, 
6 mm OD, 4 mm ID 

100 L air Cool to 4°C 5 days recommended 

All glass containers should have Teflon cap liners or septa. 
See Attachment E. Preservation and maximum holding time allowances per 40 CFR 136. 

Page 
8 of 11 

Subject 
NON-RADIOLOGICAL SAMPLE 
HANDLING 

019611/P 
	

Tetra Tech NUS, Inc. 



Subject 
NON-RADIOLOGICAL SAMPLE 
HANDLING 

Number 
SA-6.1 

Page 
9 of 11 

Revision 
3 

Effective Date 
02/04 

ATTACHMENT B 

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 

Parameter Number/Name Containerui Preservation")  Maximum Holding 
Time 

INORGANIC TESTS: 
Acidity P, G Cool, 4°C 14 days 

Alkalinity P, G Cool, 4°C 14 days 

Ammonia - Nitrogen P, G Cool, 4°C; H2SO4 to pH 2 28 days 

Biochemical Oxygen Demand (BOD) P, G Cool, 4°C 48 hours 

Bromide P, G None required 28 days 

Chemical Oxygen Demand (COD) P, G Cool, 4°C; H2SO4 to pH 2 28 days 

Chloride P, G None required 28 days 

Chlorine, Total Residual P, G None required Analyze immediately 

Color P, G Cool, 4°C 48 hours 

Cyanide, 	Total 	and 	Amenable 	to 
Chlorination 

P, G Cool, 4°C; NaOH to pH 12; 
0.6 g ascorbic acid(5)  

14 days(b)  

Fluoride P None required 28 days 

Hardness P, G HNO3 to pH 2; H2SO4 to pH 2 6 months 

Total Kjeldahl and Organic Nitrogen P, G Cool, 4°C; H2SO4 to p1-12 28 days 

Nitrate - Nitrogen P, G None required 48 hours 

Nitrate-Nitrite - Nitrogen P, G Cool, 4°C; H2SO4 to pH 2 28 days 

Nitrite - Nitrogen P, G Cool, 4°C.  48 hours 

Oil & Grease  Cool, 4°C; H2SO4 to pH 2 28 days 

Total Organic Carbon (TOC) P, G Cool, 4°C; HCI or H2SO4 to 
pH 2 

28 days 

Orthophosphate P, G Filter immediately; Cool, 4°C 48 hours 

Oxygen, Dissolved-Probe G Bottle & top None required Analyze immediately 

Oxygen, Dissolved-Winkler G Bottle & top Fix on site and store in dark 8 hours 

Phenols G 	-..--Cool, 4°C; H2SO4 to pH 2 28 days 

Phosphorus, Total P, G Cool, 4°C; H2SO4 to pH 2 28 days 

Residue, Total P, G Cool, 4°C 7  days 

Residue, Filterable (TDS) P, G Cool, 4°C 7 days 

Residue, Nonfilterable (TSS) P, G Cool, 4°C 7 days 

Residue, Settleable P, G Cool, 4°C 48 hours 

Residue, Volatile (Ash Content) P, G Cool, 4°C 7 days 

Silica P Cool, 4°C 28 days 

Specific Conductance P, G Cool, 4°C 28 days 

Sulfate P, G Cool, 4°C 28 days 
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ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE TWO 

Parameter Number/Name Container")  Preservation")(4)  Maximum Holding 
Time)  

INORGANIC TESTS (Cont'd): 
Sulfide P, G Cool, 4°C; add zinc acetate 

plus sodium hydroxide to pH 9 
7 days 

Sulfite P, G None required Analyze immediately 

Turbidity P, G Cool, 4°C 48 hours 

METALS:CI)  

Chromium VI (Hexachrome) P, G Cool, 4°C 24 hours 

Mercury (Hg) P, G HNO3 to pH 2 28 days 
Metals, except Chromium VI and Mercury P, G HNO3 to pH 2 6 months 

ORGANIC TESTS:(8)  
Purgeable Halocarbons G, Teflon-lined 

septum 
Cool, 4°C; 0.008% Na2S203(  14 days 

Purgeable Aromatic Hydrocarbons G, Teflon-lined 
septum 

Cool, 4°C; 0.008% Na2S203(b)  
HCI to pH 2 (9)  

14 days 

Acrolein and Acrylonitrile G, Teflon-lined 
septum 

Cool, 4°C; 0.008% Na2S203(5)  
adjust pH to 4-5-.(10)  

14 days 

Phenole'' G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203(5)  7 	days 	until 	extraction; 
40 days after extraction 

Benzidines1111.  (12)  G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203(b' 7 days until extraction" ' 

Phthalate esters(' u G, Teflon-lined 
cap 

Cool, 4°C 7 	days - 	until 	extraction; 
40 days after extraction 

Nitrosamines""*"4/ G, Teflon-lined 
cap 

Cool, 	4°C; 	store 	in 	dark; 
0.008% Na2S203(5)  

7 	days 	until 	extraction; 
40 days after extraction 

PCBs("1  G, Teflon-lined 
cap 

Cool, 4°C 7 	days 	until 	extraction; 
40 days after extraction.  

Nitroaromatics & Isophorone(u)  G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203"; 
store in dark 

7 	days 	until 	extraction; 
40 days after extraction 

Polynuclear 	Aromatic 	Hydrocarbons 
(PAHs)(11)'"4)  

G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203(3(; 
store in dark 

7 	days 	until 	extraction; 
40 days after extraction 

Haloethers°'' G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S203( ( 7 	days 	until 	extraction; 
40 days after extraction 

Dioxin/Furan (TCDD/TCDF)(1  ) G, Teflon-lined 
cap 

Cool, 4°C; 0.008% Na2S2OP 7 	days 	until 	extraction; 
40 days after extraction 
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ATTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE THREE 

(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1L. 
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples each 

aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible to preserve 
each aliquot, then chemical samples may be preserved by maintaining at 4°C until compositing and sample splitting is 
completed. 

(3) When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply with the 
Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that samples 
may be held before analysis and still be considered valid. Samples may be held for longer periods only if the permittee, or 
monitoring laboratory, has data on file to show that the specific types of samples under study are stable for the longer 
periods, and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Maximum holding time is 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate paper 

'before pH adjustments are made to determine if sulfide is present. If sulfide is present, it can be removed by the addition. 
of cadmium nitrate powder until a negative spot test is obtained. The sample is filtered and then NaOH is added to pH 12. 

(7) Samples should be filtered immediately on site before adding preservative for dissolved metals. 
(8) Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH adjustment must 

be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and maximum 

holding times should be observed for optimum safeguard of sample integrity. When the analytes of concem fall within two 
or more chemical categories, the sample may be preserved by cooling to 4°C, reducing residual chlorine with 0.008% 
sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved in this manner may be held for 
7 days before extraction • and for 40 days after extraction. Exceptions to this optional preservation and holding time 
procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of residual chlorine) and footnotes 12, 13 
(re: the analysis of benzidine). 

(12) If 1,2-diphenylthydrazine is likely to be present, adjust the pH of the sample to 4.0±0.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) atmosphere. 
{14) For the analysis of diphenylnitrosamine, add 0.008% Na2S203 and adjust pH to 7-10 with NaOH within 24 hours of 

sampling. 
(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are extracted 

within 72 hours of collection. For the analysis of aidrin, add 0.008% Na2S203. 
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1.0 	PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record 
forms, logs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities. 

2.0 	SCOPE 

Documents presented within this procedure (or equivalents) shall be used for all Tetra Tech NUS field 
activities, as applicable. Other or additional documents may be required by specific client contracts or 
project planning documents. 

3.0 	GLOSSARY 

None 

4.0 	RESPONSIBILITIES 

Project Manager (PM) - The Project Manager is responsible for obtaining hardbound, controlled-
distribution logbooks (from the appropriate source), as needed. In addition, the Project Manager is 
responsible for placing all field documentation used in site activities (i.e., records, field reports, sample 
data sheets, field notebooks, and the site logbook) in the project's central fife upon the completion of field 
work. 

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site 
logbook, notebooks, and all appropriate and current forms and field reports illustrated in this guideline 
(and any additional forms required by the contract) are correctly used, accurately filled out, and completed 
in the required time-frame. 

5.0 	PROCEDURES 

5.1 	Site Logbook 

5.1.1 	General 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major onsite 
activities are documented. At a minimum, the following activities/events shall be recorded or referenced 
(daily) in the site logbook: 

All field personnel present 
Arrival/departure of site visitors 
Time and date of H&S training 
ArrivaVdeparture of equipment 
Time and date of equipment calibration 
Start and/or completion of borehole, trench, monitoring well installation, etc. 
Daily onsite activities performed each day 
Sample pickup information 
Health and Safety issues (level of protection observed, etc.)  
Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the 
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day 
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that onsite activities take place which involve Tetra Tech NUS or subcontractor personnel. Upon 
completion of the fieldwork, the site logbook must become part of the project's central file. 

  

 

The following information must be recorded on the cover of each site logbook: 

     

 

• Project name 
• Tetra Tech NUS project number 
• Sequential book number 
• Start date 
• End date 

       

 

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section 
5.2), but must summarize the contents of these other notebooks and refer to specific page locations in 
these notebooks for detailed information (where applicable). An example of a typical site logbook entry is 
shown in Attachment A. 

If measurements are made at any location, the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the field notebook in which the measurements 
are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No 
erasures are permitted. If an incorrect entry is made, the entry shall be crossed out with a single strike 
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used must 
be signed and dated. The site logbook must also be signed by the Field Operations Leader at the end of 
each day. 

  

 

5.1.2 	Photographs 

        

 

When movies, slides, or photographs are taken of a site or any monitoring location, they must be 
numbered sequentially to correspond to logbook/notebook entries. The name of the photographer, date, 
time, site location, site description, and weather conditions must be entered in the logbook/notebook as 
the photographs are taken. A series entry may be used for rapid-sequence photographs. The 
photographer is not required to record the aperture settings and shutter speeds for photographs taken 
within the normal automatic exposure range. However, special lenses, films, filters, and other image-
enhancement techniques must be noted in the logbook/notebook. If possible, such techniques shall be 
avoided, since they can adversely affect the accuracy of photographs. Chain-of-custody procedures 
depend upon the subject matter, type of camera (digital or film), and the processing it requires. Film used 
for aerial photography, confidential information, or criminal investigation require chain-of-custody 
procedures. Once processed, the slides of photographic prints shall be consecutively numbered and 
labeled according to the logbook/notebook descriptions. The site photographs and associated negatives 
and/or digitally saved images to compact disks must be docketed into the project's central file. 

  

 

5.2 	Field Notebooks 

        

 

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent 
field activities conducted directly under their supervision. For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a 
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a field notebook. 
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5.3 	Field Forms 

          

               

 

All Tetra Tech NUS field forms (see list in Section 6.0 of this SOP) can be found on the company's 
intranet site (http://intranet.ttnus.com) under Field Log Sheets. Forms may be altered or revised for 
project-specific needs contingent upon client approval. Care must be taken to ensure that all essential 
information can be documented. Guidelines for completing these forms can be found in the related 
sampling SOP. 

5.3.1 	Sample Collection, Labeling, Shipment, Request for Analysis, and Field. Test Results 

  

 

5.3.1.1 	Sample Loci Sheet 

         

 

Sample Log Sheets are used to record specified types of data while sampling. The data recorded on 
these sheets are useful in describing the sample as well as pointing out any problems, difficulties, or 
irregularities encountered during sampling. A log sheet must be completed for each sample obtained, 
including field quality control (QC) samples. 

  

 

5.3.1.2 	Sample Label  

         

 

A typical sample label is illustrated in Attachment B. Adhesive labels must be completed and applied to 
every sample container. Sample labels can usually be obtained from the appropriate Program source 
electronically generated in-house, or are supplied from the laboratory subcontractor. 

  

 

5.3.1.3 	Chain-of-Custody Record Form 

      

 

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person. This form 
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are 
performed on site or off site. One carbonless copy of the completed COC form is retained by the field 
crew, one copy is sent to the Project Manager (or designee), while the original is sent to the laboratory. 
The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and taped 
inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COG form, the 
COC form should be sent with the cooler containing vials for VOC analysis or the cooler with the air bill 
attached. The air bill should then state how many coolers are included with that shipment. An example of 
a Chain-of-Custody Record form is provided as Attachment C. Once the samples are received at the 
laboratory, the sample cooler and contents are checked and any problems are noted on the enclosed 
COG form (any discrepancies between the sample labels and COC form and any other problems that are 
noted are resolved through communication between the laboratory point-of-contact and the Tetra Tech 
NUS Project Manager). The COC form is signed and copied. The laboratory will retain the copy while the 
original becomes part of the samples' corresponding analytical data package. 

  

 

5.3.1.4 	Chain-of-Custody Seal 

        

 

Attachment D is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part of 
a chain-of-custody process and is used to prevent tampering with samples after they have been collected 
in the field and sealed in coolers for transport to the laboratory. The COC seals are signed and dated by 
the sampler(s) and affixed across the lid and body of each cooler (front and back) containing 
environmental samples (see SOP SA-6.1). COC seals may be available from the laboratory; these seals 
may also be purchased from a supplier. 
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5.3.1.5 	Geochemical Parameters Log Sheets  

Field Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results. 

5.3.2 	Hydrogeological and Geotechnical Forms 

5.3.2.1 	Groundwater Level Measurement Sheet 

A Groundwater Level Measurement Sheet must be filled out for each round of water level measurements 
made at a site. 

•-5.322 	Data-Sheet-for-Pumia44-Tost- 

43u-ring. the performance-44-a-pumping-test-(or-an-in.sitWaydrats 
m-ust-be-Feeer-eleelreitea--within-a-s-he-FE-tiffic period. The-Pefivitig--Test-Boatec-Shee 	litertes-thistask-by 

443r-4144-pumping-well-apa 
rval-fer-eell en-te-14e-la4-out-In-adVar460, 

5.3.2.8 	Packer Toot Report Form  

nr each well lipnrluttbirb..a_pocker tact is conducted  

5.3.2.4 	Boring Loq 

During the progress of each boring, a log of the materials encountered, operation and driving of casing, 
and location of samples must be kept. The Summary Log of Boring, or Boring Log is used for this 
purpose and must be completed for each soil boring performed. In addition, if volatile organics are 
monitored on cores, samples, cuttings from the borehole, or breathing zone, (using a PID or FID), these 
readings must be entered on the boring log at the appropriate depth. The "Remarks" column can be used 
to subsequently enter the laboratory sample number, the concentration of key analytical results, or other 
pertinent information. This feature allows direct comparison of contaminant concentrations with soil 
characteristics. 

5.3.2.5 	Monitoring Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well, piezometer, or 
temporary well point installed. This form contains specific information on length and type of well riser pipe 
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics. 
This information is important in evaluating the performance of the monitoring well, particularly in areas 
where water levels show temporal variation, or where there are multiple (immiscible) phases of 
contaminants. Depending on the type of monitoring well (in overburden or bedrock, stick-up or flush 
mount), different forms are used. 

5226 	Mist Pit I nji 

When-a-test4A-or trench is- conetrurted for jokfatioativP...or ao-tpling ruIrraces a Tet Pit Log rrktict hp 

-ge4ategist-er-sampling technician. 

019611/P 
	

Tetra Tech NUS, Inc. 



             

 

Subject 

    

Number 
SA-6.3 

 

Page 
6 of 12 

 

 

FIELD DOCUMENTATION 

 

Revision 
2 

 

Effective Date 

09/03 

 

 

5.3.2.7 	Miscellaneous Monitoring Well Forms 

      

 

Monitoring Well Materials Certificate of Conformance should be used as the project directs to document 
all materials utilized during each monitoring well installation. 

The Monitoring Well Development Record should be used as the project directs to document all well 
development activities. 

5.3.2.8 	Miscellaneous Field Forms - QA and Checklists  

 

 

Container Sample and Inspection Sheet should be used as the project directs each time a container 
(drum, tank, etc.) is sampled and/or inspected. 

QA Sample Log Sheet should be used at the project directs each time a QA sample is colleted, such as 
Rinsate Blank, Source Blank, etc. 

Field Task Modification Request (FTMR) will be prepared for all deviations from the project planning 
documents. The FOL is responsible for initiating the FTMRs. Copies of all FTMRs will be maintained with 
the onsite planning documents and originals will be placed in the final evidence file. 

The Field Project Daily Activities Check List and Field Project Pre-Mobilization Checklist should be used 
during both the planning and field effort to assure that all necessary tasks are planned for and completed. 
These two forms are not a requirement but a useful tool for most field work. 

 

 

5.3.3 	Equipment Calibration and Maintenance Form 

   

 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the 
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the 
measurement, arid determine if correction should be applied to the readings. Some items of equipment 
require frequent calibration, others infrequent. Some are calibrated by the manufacturer, others by the 
user. 

Each instrument requiring calibration has its own Equipment Calibration Log which documents that the 
manufacturer's instructions were followed for calibration of the equipment, including frequency and type of 
standard or calibration device. An Equipment Calibration Log must be maintained for each electronic 
measuring device used in the field; entries must be made for each day the equipment is used or in 
accordance with the manufacturer's recommendations. 

 

 

5.4 	Field Reports 

         

 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not 
accessible for timely review by project management. 

 

 

5.4.1 	Daily Activities Report 

       

 

To provide timely oversight of onsite contractors, Daily Activities Reports are completed and submitted as 
described below. 
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5.4.1.1 	Description  

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This 
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other 
related activities occurring which involve subcontractor personnel. These sheets summarize the work 
performed and form the basis of payment to subcontractors. The DAR form can be found on the TtNUS 
intranet site. 

5.4.1.2 	Responsibilities 

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature 
acknowledging that the times and quantities of material entered are correct. 

5.4.1.3 	Submittal and Approval 

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations 
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires no 
further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and in 
preparing weekly status reports for submission to the Project Manager. 

5.4.2 	Weekly Status Reports 

To facilitate timely review by project management, photocopies of logbook/notebook entries may be made 
for internal use. 

It should be noted that in addition to summaries described herein, other summary reports may also be 
contractually required. 

All Tetra Tech NUS field forms can be found on the company's intranet site at http://intranet.ttnus.com  
under Field Log Sheets. 

6.0 	LISTING OF TETRA TECH NUS FIELD FORMS FOUND ON THE TTNUS INTRANET 
SITE. HTTP://INTRANET.TTNUS.COM  CLICK ON FIELD LOG SHEETS 

Groundwater Sample Log Sheet 
Surface Water Sample Log Sheet 
SoiVSediment Sample Log Sheet 
Container Sample and Inspection Sheet 
Geochemical Parameters (Natural Attenuation 
Groundwater Level Measurement Sheet 
pumpit4g-T-est,Dala.-Sbee-t-
,P-askex-Tast-grape4-F-Gr-Fill—
Boring Log 

Monitoring Well Construction Confining Layer 
Monitoring Well Construction Overburden Flush Mount 
Monitoring Well Construction Overburden Stick Up 
Test Pitlog  
Monitoring Well Materials Certificate of Conformance 
Monitoring Well Development Record 

Revision 
2 
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Daily Activities Record 
Field Task Modification Request 
Hydraulic Conductivity Test Data Sheet 
Low Flow Purge Data Sheet 
QA Sample Log Sheet 
Equipment Calibration Log 
Field Project Daily Activities Checklist 
Field Project Pre-Mobilization Checklist 
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ATTACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

START TIME:  	DATE: 	  

SITE LEADER: 
PERSONNEL: 

TtNUS 	 DRILLER 	 SITE VISITORS 

WEATHER: Clear, 68°F, 2-5 mph wind from SE 

ACTIVITIES: 

Revision 
2 

Steam jenney and fire hoses were set up. 

Drilling activities at well 	resumes. Rig geologist was 	 . See Geologist's 
Notebook, No. 1, page 29-30, for details of drilling activity. Sample No. 123-21-S4 collected; 
see sample logbook, page 42. Drilling activities completed at 11:50 and a 4-inch stainless 
steel well installed. See Geologist's Notebook, No. 1, page 31, and well construction details 
for well 	 

Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well 	 

Well 	drilled. Rig geologist was 	 . See Geologist's Notebook, 
No. 2, page 	 for details of drilling activities. Sample numbers 123-22-S1, 123-22-S2, 
and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45. 

Well 	was developed. Seven 55-gallon drums were filled in the flushing stage. The well 
was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped 
from well was "sand free." 

EPA remedial project manger arrives on site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up 
over test pit 	 

Test pit 	 dug with cuttings placed in dump truck. 	Rig geologist was 
	 . 	See Geologist's Notebook, No. 1, page 32, for details of test pit 
activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit 	resulted in a very soft and wet area. A 
mound was developed and the area roped off. 

Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked. 

Field Operations Leader 
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1.0 	PURPOSE 

Decontamination is the process of removing and/or neutralizing site contaminants that have contacted 
and/or accumulated on equipment. The purpose of this Standard Operating Procedure (SOP) is to protect 
site personnel, the general public, and the environment while preserving or maintaining sample integrity. It 
is further intended through this procedure to describe the steps necessary for proper decontamination of 
drilling equipment, earth-moving equipment , chemical sampling equipment and field operation and 
analytical equipment. 

	

2.0 	SCOPE AND APPLICABILITY 

This procedure applies to all equipment used to provide access to/acquire environmental samples that 
may have become contaminated through direct contact with contaminated media including air, water, and 
soil. This equipment includes drilling and heavy equipment and chemical sampling and field analytical 
equipment. Where technologically and economically feasible, single-use sealed disposable equipment will 
be employed to minimize the potential for cross-contamination. This SOP also provides general reference 
information on the control of contaminated materials. 

Decontamination methods and equipment requirements may differ from one project to another. General 
equipment items are specified in Section 6.0, but project-specific equipment must be obtained to address 
the project-specific decontamination procedures presented in Section 7.0 and applicable subsections. 

	

3.0 	GLOSSARY 

Alconox/Liquinox - A brand of phosphate-free laboratory-grade detergent. 

Decontamination Solution - A solution selected/identified in the Health and Safety Plan or Project-Specific 
Quality Assurance Plan. The solution is selected and employed as directed by the project chemist/health 
and safety professional. 

Deionized Water (DI) - Tap water that has been treated by passing through a standard deionizing resin 
column. This water may also pass through additional filtering media to attain various levels of analyte-free 
status. The DI water should meet College of American Pathologists (CAP) and National Committee for 
Clinical Laboratory Standards (NCCLS) specifications for reagent-grade Type I water. 

Potable Water - Tap water from any municipal water treatment system. Use of an untreated potable water 
supply is not an acceptable substitute for tap water. 

Pressure Washing - Process employing a high-pressure pump and nozzle configuration to create a high-
pressure spray of potable water. High-pressure spray is employed to remove solids from equipment. 

Solvent — A liquid in which solid chemicals or other liquids are dissolved. The solvent of choice is 
pesticide-grade isopropanol. Use of other solvents (methanol, acetone, or hexane) may be required for 
particular projects or for a particular purpose (e.g., removal of concentrated waste) and must be justified in 
the project planning documents. For example, it may be necessary to use hexane when analyzing for 
trace levels of pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in 
water, the equipment should be air dried prior to use. Solvents should not be used on PVC equipment or 
well construction materials. 

Steam Pressure Washing - A cleaning method employing a high-pressure spray of heated potable water 
to remove various organic/inorganic chemicals from equipment. 
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4.0 	RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 

Decontamination Personnel - Individuals assigned the task of decontamination. It is the responsibility of 
these individuals to understand the use and application of the decontamination process and solutions as 
well as the monitoring of that process to ensure that it is working properly. This is accomplished through 
visual evaluation, monitoring instrument scanning of decontaminated items, and/or through the collection 
of rinsate blanks to verify contaminant removal. 

Field Operations Leader (FOL) - Responsible for the implementation of project-specific planning 
documents. This includes on-site verification that all field activities are performed in compliance with 
approved SOPs or as otherwise dictated by the approved project plan(s). The FOL is also responsible for 
the completion and accuracy of all field documentation. 

Site Safety Officer (SSO) - Exercises shared responsibility with the FOL concerning decontamination 
effectiveness. All equipment arriving on site (as part of the equipment inspection), leaving the site, and 
moving between locations is required to go through a decontamination evaluation. This is accomplished 
through visual examination and/or instrument screening to determine the effectiveness of the 
decontamination process. Improper or incomplete decontamination is sufficient to restrict equipment from 
entering the site, exiting the site, or moving to a new location on the site until the objectives are 
successfully completed. 

General personnel qualifications for decontamination activities include the following: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

• Familiarity with appropriate decontamination procedures. 

	

5.0 	HEALTH AND SAFETY 

In addition to the health and safety issues and reminders specified in subsections of this SOP, the 
following considerations and requirements must be observed as SOPs for field equipment 
decontamination activities: 

• If any solvents or hazardous chemicals (e.g., isopropyl alcohol) are to be used in equipment 
decontamination activities, the FOL must first obtain the manufacturer's/supplier's Material Safety 
Data Sheet (MSDS) and assure that it is reviewed by all users (prior to its use), added to the site 
Hazardous Chemical Inventory, and maintained on site as part of the project Hazard Communication 
Program. 

• Review and observe specific health and safety requirements (e.g., personal protective equipment 
[PPE]) specified in the project-specific health and safety plan for this activity. 

	

6.0 	EQUIPMENT LIST 

• Wood for decontamination pad construction, when applicable (see Section 7.1). 

• Tools for constructing decontamination pad frame, when applicable (see Section 7.1). 
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• Visqueen sheeting or comparable material to cover decontamination pad frame, when applicable (see 
Section 7.1). 

• Wash/drying racks for auger flights and drill/drive rods, when applicable (see Section 7.2). 

• PPE as specified in the project health and safety plan. 

• Soap and water for washing and rinsing. 

• Deionized water for final rinsing. 

• Solvents (e.g., pesticide-grade isopropanol) for rinsing (see applicable portions of Section 7.2). 

• Tubs, buckets, etc. for containerizing rinse water (see applicable portions of Section 7.2). 

• Sample bottles for collecting rinsate blanks (cee Section 7.2). 

• Calibrated photoionization detector (PID) or flame ionization detector (FID) to monitor decontaminated 
equipment for organic vapors generated through the existence of residual contamination or the 
presence of decontamination solvent remaining after the piece was rinsed. 

• Aluminum foil or clear clean plastic bag for covering cleaned equipment (see applicable portions of 
Section 7.2). 

• Paper towels or cloths for wiping. 

• Brushes, scrapers, or other hand tools useful for removing solid materials from equipment. 

• Clear plastic wrap for covering or wrapping large decontaminated equipment items (see Section 
7.2.2). 

• Drum-moving equipment for moving filled waste drums (optional) (see Section 7.3). 

• Drum labels for waste drums (see Attachment A). 

7.0 	PROCEDURES 

The process of decontamination is accomplished through the removal of contaminants, neutralization of 
contaminants, or isolation of contaminants. To accomplish this activity, preparation is required including 
site preparation, equipment selection, and evaluation of the decontamination requirements and processes. 
Site contaminant types, concentrations, and media types are primary drivers in the selection of the types 
of decontamination and where it will be conducted. For purposes of this SOP, discussion is limited to 
decontamination procedures for general environmental investigations. 

Decontamination processes will be performed at the location(s) specified in project-specific planning 
documents. Typical decontamination locations include the following: 

• Temporary decontamination pads/facilities 
• Sample locations 
• Centralized decontamination pad/facilities 

• Combination of some or all of the above 
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The following discussion includes general considerations for the decontamination process. Specific 
construction and implementation procedures will be as specified in the project-specific planning 
documents and/or may be as dictated by site-specific conditions as long as the intent of the requirements 
in the planning documents is met. This intent is to contain any residual fluids and solids generated 
through the decontamination process. 

7.1 	Decontamination Pad Design/Construction Considerations 

	

7.1.1 	Temporary Decontamination Pads 

Temporary decontamination pads may be constructed at satellite locations within the site area in support 
of temporary work areas. These structures are generally constructed to support the decontamination of 
heavy equipment such as drill rigs and earth-moving equipment but can be employed for smaller articles. 

The purpose of the decontamination pad is to contain wash waters and potentially contaminated soil 
generated during decontamination procedures. Therefore, construction of these pads should take into 
account the following considerations: 

• Site location — The decontamination site selected should be far enough from the work site to 
maximize decontamination effectiveness while minimizing travel distance. The location of the 
decontamination site shall be selected to provide, in the judgment of the FOL or FOL designee, 
compliance with as many of the following characteristics as practicable: 

Well removed from pedestrian/vehicle thoroughfares. 

Avoidance of areas where control/custody cannot be maintained. 

Avoidance of areas where potential releases of contaminated media or decontamination fluids 
may be compounded through access to storm water transport systems, streams, or other 
potentially sensitive areas. 

Avoidance of potentially contaminated areas. 

Avoidance of areas too close to the ongoing operation, where cross-contamination may occur. 

The selected decontamination site should include the following, where possible: 

	

- 	Areas where potable water and electricity are provided. 

Safety Reminder 
When utilizing electrical power sources, either hard-wired or portable-generated sources, 
ensure that: 

- All power is routed through a Ground Fault Circuit Interrupter (GFCI). 

- All power cords are in good condition (no physical damage), rated for the intended 
energy load, and designated for outdoor use. 

In situations where accomplishing these elements is not possible, it will be necessary to 
implement a site electrical grounding program. 
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- Areas where support activities such as removing decontamination waters soil and sediment are 
possible without entering an active exclusion zone. 

Areas that offer sufficient size to carry out the specific decontamination sequence. 

• Decontamination pad (decon pad) — The decon pad shall be constructed to meet the following 
characteristics: 

Size — The size of the pad should be sufficient to accept the equipment to be decontaminated as 
well as permitting free movement around the equipment by the personnel conducting the 
decontamination. The size should permit these movements utilizing pressure/steam washer 
wands and hoses and minimizing splash due to work in close quarters. 

Slope — An adequate slope will be constructed to permit the collection of water and potentially 
contaminated soil within a trough or sump constructed at one end. The collection point for wash 
waters should be of adequate distance that the decontamination workers do not have to walk 
through the wash waters while completing their tasks. Because the pad will be sloped, place a 
light coating of sand over the plastic to minimize potential slips and falls. See the text about liners 
below. 

Sidewalls — The sidewalls shall be at least 6 inches in height (or as high as possible if 6 inches is 
not achievable) to provide adequate containment for wash waters and soil. If splash represents a 
potential problem, splash guards should be constructed to control overspray. Sidewalls may be 
constructed of wood, inflatables, sand bags, etc. to permit containment. Splash guards are 
typically wood frames with Visqueen coverings to control overspray. 

Liner — Depending on the types of equipment and decontamination method tb be used, the liner 
should be of sufficient thickness to provide a puncture-resistant barrier between the 
decontamination operation and the unprotected environment. Care should be taken to examine 
the surface area prior to placing the liner to remove sharp articles (sticks, stones, debris) that 
could puncture the liner. Liners are intended to form an impermeable barrier. The thickness may 
vary from a minimum recommended thickness of 10 mil to 30 mil. The desired thickness may be 
achieved through layering materials of lighter construction. It should be noted that various 
materials (rubber, polyethylene sheeting) become slippery when wet. To minimize this potential 
hazard associated with a sloped liner, a light coating of sand shall be applied to provide traction as 
necessary. 

Wash/drying racks — Auger flights, drill/drive rods, and similar equipment require racks positioned 
off of the ground to permit these articles to be washed, drained, and dried while secured from 
falling during this process. 

For decontamination of direct-push technology (DPT) equipment, the pad may be as simple as a mortar 
tub containing buckets of soapy water for washing and an empty bucket to capture rinse waters. 
Decontamination may be conducted at the rear of the rig to permit rapid tool exchange. 

• Maintenance — Maintain the decontamination area by: 

Periodically clearing the work area of standing water, soil, and debris, and coiling hoses to aid in 
eliminating slip, trip, and fall hazards. In addition, these articles will reduce potential backsplash 
and cross-contamination. 

Regularly changing the decontamination fluids to ensure proper cleaning and prevent cross-
contamination. 
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- 	PPE — Periodically evaluate the condition of, and maintain the decontamination 
including regular cleaning of face shields and safety glasses. This is critical 
of decontamination personnel and the integrity of the decontamination 
that equipment is functioning properly. 

7.1.2 	Decontamination Activities at Drill Rigs/DPT Units 

During subsurface sampling activities including drilling and DPT activities, decontamination 
Macro Core Samplers, split spoons, etc. is typically conducted at an area 
Decontamination is generally accomplished using a soap/water wash and 
brushes. This area requires sufficient preparation to accomplish the decontamination 

Buckets shall be placed within mortar tubs or similar secondary containment 
spills from reaching unprotected environmental media. 	Drying racks shall be 
temporary pads to permit parts to dry and be evaluated prior to use/reuse. 
activity is provided in Section 7.2. 

equipment, 
to ensuring the safety 

process, and it will ensure 

of drive rods, 
adjacent to the operation. 
rinse utilizing buckets and 

objectives. 

tubs to prevent splash and 
employed as directed for 

Methodology regarding this 

chould bo When 	 locations, 	 trowels and sampling at remote 	sampling oquiprnent such as 	 pumpc/tubing 

e• 	 ee 	- 	 •e 	e e -ee_ 	 ..e 	 _e 	_• 

-e• 	- 	 a.. 	 e . 	e- 	e e 	 .•e 

removed. 

7.2 	Equipment Decontamination Procedures 

equipment that may have 

into monitoring wells such 

The following represents procedures to be employed for the decontamination of 
contacted and/or accumulated contamination through site investigation activities. 

7.2.1 	Monitoring Well Sampling Equipment 

7.2.1.1 	Groundwater sampling equipment — This includes pumps inserted 
as bladder pumps, Whale pumps, and Redi-Flo pumps and reusable bailers, etc. 

1. Evacuate to the extent possible, any purge water within the pump/bailer. 

2. Scrub using soap and water and/or steam clean the outside of the pump/bailer and, if applicable, the 
pump tubing. 

3. Insert the pump and tubing/bailer into a clean container of soapy water. Pump/run a sufficient amount 
of soapy water through the pump/bailer to flush out any residual well water. After the pump is flushed, 
circulate soapy water through the pump to ensure that the internal components are thoroughly 
flushed. 

4. Remove the pump and tubing/bailer from the container 

5. Rinse external pump components using tap water. 

6. Insert the pump and tubing/bailer into a clean container of tap water. Pump/run a sufficient amount of 
tap water through the pump/bailer to evacuate all of the soapy water (until clear). 

019611/P 
	

Tetra Tech NUS, Inc. 



Subject 	DECONTAMINATION OF FIELD 

EQUIPMENT 

Number 
SA-7.1 

Page 

8 of 15 

Revision 
5 

Effective Date 

04/07/2008 

7. If 

8. Pass 

9. Drain 

10. Allow 

11. For 

Do not rinse PE, PVC, 
Use the procedures defined in the 
defined, contact the FOL for guidance. 

omitted if groundwater does not contain 

CAUTION 
— 
If they are not 

in Step 7 may be 
hard to remove 

and associated tubing with solvents 
project-specific planning documents. 

The solvent rinse described 
oil, grease, PAHs, PCBs, or other 

organic materials. 

organic 
groundwater contains or is suspected to contain oil, grease, PAHs, PCBs, or other hard to remove 

materials, rinse the equipment to be cleaned with pesticide-grade isopropanol. 

deionized water through the hose to flush out the tap water and solvent residue as applicable. 

residual deionized water to the extent possible. 

components of the equipment to air dry. 

bladder 	disassemble the 	and wash the internal components with soap and water, pumps, 	 pump 
then 	tap water, isopropanol, and deionized water and allow to dry. 	After the 	are dry, rinse with 	 parts 

specific 	documents to ensure that the decontamination 	is functioning ao project 	planning 	 process 

wipe samples or field tests such as UV light may be used. 

12. Wrap 

7.2.1.2 

During 
the surface 
should 

1. Wash 
2. Rinse 
3. Rinse 

pump/bailer in aluminum foil or a clear clean plastic bag for storage. 

Remember when handling powered 
render the equipment to a zero energy 

valves, 

SAFETY REMINDER 
source and 

before opening 
equipment to disconnect the power 
state (both potential and kinetic) 

disconnecting lines, etc. 

Electronic Water Level Indicators/Sounders/Tapes 

deionized water and wiping 
full decontamination 

water level measurements, rinsing the extracted tape and probe with 
of the extracted tape between locations is acceptable. However, periodic 

be conducted as follows: 

with soap and water 
with tap water 
with deionized water 

In situations where oil, grease, 
encountered, probes and exposed 
or tapes cannot be satisfactorily 

they should 

NOTE 
materials are 

water. If probes 
discolored, etc.), 

free product, other hard to remove 
tapes should be washed in hot soapy 

decontaminated (they are still stained, 
be removed from service. 
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7.2.1.3 	Miscellaneous Equipment 

Miscellaneous equipment including analytical equipment (water quality testing equipment) shall be cleaned 
per manufacturers' instructions. This generally includes wiping the sensor housing and rinsing with tap 
and deionized water. 

Coolers/shipping containers employed to ship samples are received from the laboratory in a variety of 
conditions including marginal to extremely poor. Coolers shall be evaluated prior to use for the following: 

Structural integrity — Coolers missing handles or having breaks in the outer housing should be 
removed and not used. Notify the laboratory that the risk of shipping samples in the cooler(s) 
provided is too great and request a replacement unit. 

• Cleanliness — As per protocol, only volatile organic samples are accompanied by a trip blank. If a 
cooler's cleanliness is in question (visibly dirty/stained) or if there are noticeable odors, the cooler 
should be decontaminated prior to use as follows: 

1. Wash with soap and water 
2. Rinse with tap water 
3. Dry 

If these measures fail to clean the cooler to an acceptable level, remove the unit from use as a shipping 
container and ask the cooler provider (e.g., the analytical laboratory) to provide a replacement unit. 

7.2.2 	Downhole Drilling Equipment 

This includes any portion of the drill rig that is over the borehole, including auger flights, drill stems, rods, 
and associated tooling that would extend over the borehole. The following procedure is to be employed 
prior to initiating the drilling/sampling activity, then between locations: 

CAUTION 
Exercise care when using scrapers to remove soil and debris from downhole drilling 
equipment. Inadvertent slips of scrapers have resulted in cuts, scrapes, and injured 

knuckles, so use scrapers carefully when removing soil from these items. 

1. Remove loose soil using shovels, scrapers, etc. 

2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 
washing, remove visible dirt/soil from the equipment being decontaminated. 

CAUTION 
In Step 3, do not rinse PE, PVC, and associated tubing with solvents. The appropriate 

procedures should be defined within the project-specific planning documents. If they are 
not defined, contact the FOL for guidance. The solvent rinse described in Step 4 may be 
omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove 

organic materials. 

3. Rinse the equipment with tap water, where applicable (steam cleaning and pressure washing 
incorporate rinsing as part of the process). 

019611/P 
	

Tetra Tech NUS, Inc. 



Page Subject DECONTAMINATION OF FIELD 

EQUIPMENT 
Number 

SA-7.1 10 of 15 

Revision 

5 
Effective Date 

04/07/2008 

4. If the equipment has directly or indirectly contacted contaminated sample media and is known or 
suspected of being contaminated with oil, grease, PAHs, PCBs, or other hard to remove organic 
materials, rinse equipment with pesticide-grade isopropanol 

5. To the extent possible, allow components to air dry. 

6. If the decontaminated equipment is to be used immediately after decontamination, screen it with a 
calibrated photoionization detector (PID)/flame ionization detector (FID) to ensure that all 
contaminants and possible decontamination solvents (if they were used) have been adequately 
removed. 

7. Wrap or cover equipment in clear plastic until it is time to be used. 

SAFETY REMINDER 
Even when equipment is disconnected from power sources, dangers such as the 

following may persist: 

Falls - An auger flight standing on its end may fall and injure someone. Secure all loose 
articles to prevent heavy articles from falling onto people or equipment. 

Burns - Steam cleaner water is heated to more than 212 °F and exhibits thermal energy 
that can cause burns. Prevent contact of skin with hot water or surfaces. 

High water pressure - Pressure washer discharge can have 2,000 to 4,000 psi of water 
pressure. Water under this amount of pressure can rupture skin and other human 

tissues. Water at 4,000 psi exiting a 0° tip can be dangerous because of its relatively 
high cutting power. The exit velocity and cutting power of the water are reduced when 

exiting a 40° fan tip, but damage to soft tissues is still possible. 

In general, follow the rules below to avoid injury, equipment damage, or incomplete decontamination: 

1. Read the operating manual and follow the manufacturers' recommended safety practices before 
operating pressure washers and steam cleaners. 

2. Never point the pressure washer or steam cleaner at another person or use to clean your boots or 
other parts of your body. Water lacerations and burns may appear to be minor at first but can be life 
threatening. Do not attempt to hold small parts in your hand while washing them with high-
temperature or high-pressure water. 

3. Always wear PPE as specified in the HASP such as: 

Hard hat, safety glasses, splash shield, impermeable apron or splash suit, and hearing protection. 
Remember that excessive noise is a hazard when operating gas-powered engines and electrically 
driven pressure washers. PPE will be identified in your project specific planning documents. 

4. Inspect each device before use. An inspection checklist will be provided in the project-specific 
planning documents. If it is a rented device, safety measures are typically provided by the vendor. In 
all cases, if you are not familiar with the operation of a pressure washer/steam cleaner, do not operate 
it until you obtain and thoroughly review operating instructions and recommended safety practices. 

5. Do not modify equipment unless the manufacturer has approved the modifications. 

019611/P 
	

Tetra Tech NUS, Inc. 



Subject DECONTAMINATION OF FIELD 

EQUIPMENT 

Number 

SA-7.1 

Revision 

5 

Page 

11 of 15 

Effective Date 

04/07/2008 

7.2.3 	Soil/Sediment Sampling Equipment 

This section applies to soil sampling equipment including but not limited to hand augers, stainless steel 
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers, etc. 

1. Remove all loose soil from the equipment through manual means. 

2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 
washing, remove visible dirt/soil from the equipment. 

3. Rinse the equipment with tap water. 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents. The appropriate procedures 
should be defined within the project-specific planning documents. If they are not defined, 

contact the FOL for guidance. The solvent rinse described in Step 4 may be omitted if 
groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove organic 

materials. 

4. If the equipment is contaminated or suspected to be contaminated with oil, grease, PAHs, PCBs, or 
other hard to remove organic materials, rinse the equipment with pesticide-grade isopropanol. 

5. Rinse the equipment with deionized water. 

6. To the extent possible, allow components to air dry. 

7. If the equipment is to be used immediately after decontamination, screen it with a calibrated PID/FID 
to ensure that all solvents (if they were used) and trace contaminants have been adequately removed. 

8. After the equipment has dried, wrap it in aluminum foil for storage until use. 

Dredges employed in sediment sampling are typically decontaminated as follows: 

• Remove the sediment sample from the sampling device 

• If sufficient associated surface water is available at the sampling site, place the dredge in the water 
and flush to remove visible sediment. 

• Extract the dredge and wash it in soap and water per the project-specific planning documents. 

CAUTION 
When handling dredges, the primary safety concern is trapping fingers or extremities in 

the larger dredge samplers within the jaws or pinch points of the mechanical jaws. Keep 
hands, fingers, and extremities away from these pinch and compression points. Either 
handle the device by the rope or preferably lock the jaws in place to control the potential 

for closing during maintenance and/or cleaning. 

7.3 	Contact Waste/Materials 

During the course of field investigations, disposable/single-use equipment becomes contaminated. These 
items include tubing, trowels, PPE (gloves, overboots, splash suits, etc.), and broken sample containers. 
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With the exception of the broken glass, single-use articles should be cleaned (washed and rinsed) of 
visible materials and disposed as normal refuse. The exception to this rule is that extremely soiled 
materials that cannot be cleaned shall be containerized for disposal in accordance with applicable federal, 
state, and local regulations. 

7.3.1 	Investigation-Derived Wastes - Decontamination Wash Waters and Sediments 

NOTE 
Requirements for waste storage may differ from one facility to the next. Facility-specific 

directions for waste storage areas will be provided in project-specific documents, or 
separate direction will be provided by the Project Manager. 

1. Assume that all investigation-derived waste (IDW) generated from decontamination activities contains 
the hazardous chemicals associated with the site unless there are analytical or other data to the 
contrary. Waste solution volumes could vary from a few gallons to several hundred gallons in cases 
where large equipment required cleaning. 

2. Where possible, use filtering systems to extend the use of water within a closed system wash unit to 
recycle water and to reduce possible waste amounts. 

NOTE 
Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent 

containers) that can be sealed until ultimate disposal at an approved facility. 

3. Label waste storage containers appropriately labeled (see Attachment A). 

4. Ensure that the IDW storage area is configured to meet the following specifications to permit access 
to the containers and to conduct spill/leak monitoring, sampling, and extraction when the disposal 
route is determined: 

Enclose areas accessible by the general public using construction fencing and signs. 

Stored materials in 55-gallon drums on pallets with four (or fewer) drums per pallet. 

Maintain the retaining bolt and label on the outside of storage containers where readily visible. 

Provide at least 4 feet of room between each row of pallets to allow access to containers for 
sampling, drum removal, and spill response. 

As directed in project-specific planning documents, maintain an IDW Inventory List and provide 
the list to the site Point of Contact at the termination of each shift. 

Maintain spill response equipment at the IDW storage area in case it is required for immediate 
access. 

- 	Where possible, use equipment for moving containers. Where not possible, obtain help to 
manipulate containers. 
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7.4 

Upon 
following 

• Visual 
This 

until 

Each container of water can weigh 
can weigh more than 750 pounds. 

capacity to minimize spill and handling 

See safe lifting techniques provided 

When placing drums, keep your 
the drums. In some cases such 

the drums to be filled on the pallet 

CAUTION 
drum of wet soil 

to 80 percent 
move filled drums. 

Inc. Health and 

such as between 
you can place 

easier to handle 

Safety 

up to 490 pounds. Each 55-gallon 
Fill drums and temporary containers 

difficulties. 	Use drum carts to 

in Section 4.4 of the Tetra Tech NUS, 
Guidance Manual. 

fingers out of pinch and smash points 
as well development and/or purge water, 

and transport materials in smaller 
containers. 

Decontamination Evaluation 

process in the 

of particulate matter. 
intended. 

the presence of site 
of the instrument shall be 

into residual waters. 	A 
requires a repeat of the 

must be repeated 
level are observed. 	It 

are detectable within the 

• Instrument 
contaminants 
passed 
PID/FID 
decontamination 

should 
instrument's 

decontamination of equipment, determine the effectiveness of the decontamination 
manner: 

evaluation — A visual evaluation will be conducted to ensure the removal 
shall be done to ensure that the washing/rinsing process is working as 

Screening — A properly calibrated PID/FID should be used to evaluate 
and solvents used in the cleaning process. 	The air intake 

over the article to be evaluated. 	Avoid placing the instrument probe 
reading greater than the daily established background level 

process, followed by rescreening with the PID/FID. This sequence 
no instrument readings greater than the daily established background 

be noted that the instrument scan is only viable if the contaminants 
capabilities. 

When required by project-specific 
next step) shall be completed 

samples is obtained 

NOTE 
blanks (see 

not collect these 
planning documents, collection of rinsate 

without exception unless approval to 
from the Project Manager. 

• Collection of Rinsate Blanks 	It is recommended that 4nsatc samples-bo collected to: 

as 	different lot 	of single use articles. equipment 	well as 	 numbers 

project specific planning differently in the 	 documents: 

• Per decontamination method 
of disposable articles • Per disposable article/batch number 
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It is recommended that an initial rinsate sample be collected early in the project to ensure 

that the decontamination process is fuRstioni  

collected later during the execution of the project to ensure that those conditions do not 
change. 

Rinsate samples collection may be driven by types of and/or levels of contaminant. 
A - a e 

the collection of additional rinsates due to the obvious challenges to the decontamination 
process. This is a field consideration to be determined by the FOL. 
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PROJECT ACTION LIMIT REFERENCE TABLES 
  



TABLE F-1A 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CPRATIMII ATTI PC 

CORRECTED 
CAS 

TACO Residential 
Inhalation (1) 

CORRECTED PARAMETER Inhalation 

NON-TACO 
Residential 

Ingestion (3) 

TACO Residential 
Ingestion (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Industrial 
Inhalation (2) 

NON-TACO 
Industrial 

(4) 

TACO Industrial 
Ingestion (2) 

NON-TACO 
Industrial 

Ingestion(4) 

TACO -Construction 
Worker Soil Inhalation(2) 

NON-TACO - 
Construction Worker 

Soil inhalation(4) 

TACO-Construction    

Ingestion(2) 

NON-TACO -.Construction 
Worker Soil Ingestion(4) 

Worker Soil Specific 
TACO - SO to GW 

Class I (1) 
NON-TACO - SO 
to GW Class I (3) 

TACO pH 

Criteria 

Minimum IL 
Criteria MINIMUM IL BASIS 

BIS(2-CHLOROETHYL)ETHER 111-44-4 200 UG/KG NC 600 UG/KG NC 470 UG/KG NC 5000 UG/KG NC 660 UG/KG NC 75000 UG/KG NC 0.4 	UG/KG NC NC 0.4 UG/KG TACO - SO to GW Class I 2-CHLOROPHENOL 95-57-8 53000000 UG/KG NC 390000 UG/KG NC 53000000 UG/KG NC 10000000 UG/KG NC 53000000 UG/KG NC 10000000 UG/KG NC 4000 	UG/KG NC 3600 UG/KG 3600 UG/KG TACO pH Specific Criteria 
PHENOL 108-95-2 NC NC 23000000 UG/KG NC NC NC 610000000 UG/KG NC NC NC 61000000 UG/KG NC 100000 	UG/KG NC NC 100000 UG/KG TACO - SO to GW Class I HEXACHLOROETHANE 67-72-1 NC NC 78000 UG/KG NC NC NC 2000000 UG/KG NC NC NC 2000000 UG/KG NC 500 	UG/KG NC NC 500 UG/KG TACO - SO to GW Class I 
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 NC NC 90 UG/KG NC NC NC 800 UG/KG NC NC NC 18000 UG/KG NC 0.05 	UG/KG NC NC 0.05 UG/KG TACO - SO to OW Class I NITROBENZENE 98-95-3 92000 UG/KG NC 39000 UG/KG NC 140000 UG/KG NC 1000000 UG/KG NC 9400 UG/KG NC 1000000 UG/KG NC 100 	UG/KG NC NC 100 UG/KG TACO - SO to GW Class I 2-METHYLPHENOL 95-48-7 NC NC 3900000 UG/KG NC NC NC 100000000 UG/KG NC NC NC 100000000 UG/KG NC 15000 	UG/KG NC NC 15000 UG/KG TACO - SO to GW Class I ISOPHORONE 78-59-1 4600000 UG/KG NC 15600000 UG/KG NC 4600000 UG/KG NC 410000000 UG/KG NC 4600000 UG/KG NC 410000000 UG/KG NC 8000 	UG/KG NC NC 8000 UG/KG TACO - SO to GW Class I 4-METHYLPHENOL 106-44-5 NC NC NC 390000 UG/KG NC NC NC 10000000 UG/KG NC NC NC NC NC 200 UG/KG NC 200 UG/KG NON-TACO - SO to GW Class I 1,1-BIPHENYL 92-52-4 NC NC NC 3900000 UG/KG NC NC NC 100000000 UG/KG NC NC NC 10000000 UG/KG NC 150000 UG/KG NC 150000 UG/KG NON-TACO - SO to GW Class I 2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 NC 1300000 UG/KG NC 3100000 UG/KG NC 1300000 UG/KG NC 82000000 UG/KG NC NC NC NC NC 2400 UG/KG NC 2400 UG/KG NON-TACO - SO to GW Class I 2,4,5-TRICHLOROPHENOL 95-95-4 NC NC 7800000 UG/KG NC NC NC 200000000 UG/KG NC NC NC 200000000 UG/KG NC 270000 	UG/KG NC 130000 UG/KG 130000 UG/KG TACO pH Specific Criteria 2,4,6-TRICHLOROPHENOL 88-06-2 200000 UG/KG NC 58000 UG/KG NC 390000 UG/KG NC 520000 UG/KG NC 540000 UG/KG NC 11000000 UG/KG NC 200 	UG/KG NC 90 UG/KG 90 UG/KG TACO pH Specific Criteria 2,4-DICHLOROPHENOL 120-83-2 NC NC 230000 UG/KG NC NC NC 6100000 UG/KG NC NC NC 610000 UG/KG NC 1000 	UG/KG NC 860 UG/KG 860 UG/KG TACO pH Specific Criteria 
2,4-DIM ETHYLPHENOL 105-67-9 NC NC 1600000 UG/KG NC NC NC 41000000 UG/KG NC NC NC 41000000 UG/KG NC 9000 	UG/KG NC NC 9000 UG/KG TACO - SO to GW Class I 2,4-DINITROPHENOL 51-28-5 NC NC 160000 UG/KG NC NC NC 4100000 UG/KG NC NC NC 410000 UG/KG NC 200 	UG/KG NC NC 200 UG/KG TACO - SO to GW Class I 
2,4-DINITROTOLUENE 121-14-2 NC NC 900 UG/KG NC NC NC 8400 UG/KG NC NC NC 180000 UG/KG NC 0.8 	UG/KG NC NC 0.8 UG/KG TACO - SO to GW Class I 2,6-DINITROTOLUENE 606-20-2 NC NC 900 UG/KG NC NC NC 8400 UG/KG NC NC NC NC NC 0.7 	UG/KG NC NC 0.7 UG/KG TACO - SO to GW Class I 2-CHLORONAPHTHALENE 91-58-7 NC NC NC 6300000 UG/KG NC NC NC 160000000 UG/KG NC NC NC 410000 UG/KG NC 49000 UG/KG NC 49000 UG/KG NON-TACO - SO to GW Class I 
2-NITROANILINE 88-74-4 NC 35000 UG/KG NC 230000 UG/KG NC 56000 UG/KG NC 6100000 UG/KG NC 3600 UG/KG NC 610000 UG/KG NC 140 UG/KG NC 140 UG/KG NON-TACO - SO to GW Class I 2-NITROPHENOL 88-75-5 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 
3,3'-DICHLOROBENZIDINE 91-94-1 NC NC 1000 UG/KG NC NC NC 13000 UG/KG NC NC NC 280000 UG/KG NC 7 	UG/KG NC NC UG/KG TACO - SO to GW Class I 3-NITROANILINE 99-09-2 NC 250000 UG/KG NC 23000 UG/KG NC 400000 UG/KG NC 610000 UG/KG NC 26000 UG/KG NC 61000 UG/KG NC 10 UG/KG NC 10 UG/KG NON-TACO - SO to GW Class I 4,6-DINITRO-2-METHYLPHENOL 534-52-1 NC NC NC 7800 UG/KG NC NC NC 200000 UG/KG NC NC NC NC NC 3.1 UG/KG NC 3.1 UG/KG NON-TACO SO to GW Class I 	Spec pH 4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4-CHLORO-3-METHYLPHENOL 59-50-7 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4-CHLOROANILINE 106-47-8 NC NC 310000 UG/KG NC NC NC 8200000 UG/KG NC NC NC NC NC 700 	UG/KG NC NC 700 UG/KG TACO - SO to GW Class I 4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4-NITROANILINE 100-01-6 NC 1000000 UG/KG NC 230000 UG/KG NC 1600000 UG/KG NC 6100000 UG/KG NC 110000 UG/KG NC 610000 UG/KG NC 100 UG/KG NC 100 UG/KG NON-TACO - SO to GW Class I 4-NITROPHENOL 100-02-7 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC ACETOPHENONE 98-86-2 NC NC NC NC NC NC NC NC NC NC NC 820000 UG/KG NC NC NC NC NC ATRAZINE 1912-24-9 NC NC 2700000 UG/KG NC NC NC 72000000 UG/KG NC NC NC 7100000 UG/KG NC 66 	UG/KG NC NC 66 UG/KG TACO - SO to GW Class I BENZALDEHYDE 100-52-7 NC 620000 UG/KG NC 7800000 UG/KG NC 620000 UG/KG NC 200000000 UG/KG NC 620000 UG/KG NC 200000000 UG/KG NC 3300 UG/KG NC 3300 UG/KG NON-TACO - SO to GW Class I BIS(2-CHLOROEMOXY)METHANE 111-91-1 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 31000000 UG/KG NC 46000 UG/KG NC 31000000 UG/KG NC 410000 UG/KG NC NC 1300000 UG/KG NC 8200000 UG/KG 3600000 UG/KG NC NC 46000 UG/KG TACO Residential Ingestion BUTYL BENZYL PHTHALATE 85-68-7 930000 UG/KG NC 16000000 UG/KG NC 930000 UG/KG NC 410000000 UG/KG NC 930000 UG/KG NC 410000000 UG/KG NC 930000 	UG/KG NC NC 930000 UG/KG TACO Residential Ingestion CAPROLACTAM 105-60-2 NC NC NC 39000000 UG/KG NC NC NC 1000000000 UG/KG NC NC NC 100000000 UG/KG NC 14000 UG/KG NC 14000 UG/KG NON-TACO - SO to GW Class CARBAZOLE 86-74-8 NC NC 32000 UG/KG NC NC NC 290000 UG/KG NC NC NC 6200000 UG/KG NC 600 	UG/KG NC NC 600 UG/KG TACO - SO to GW Class I DIBENZOFURAN 132-64-9 NC NC NC NC NC NC NC NC NC NC NC 820000 UG/KG NC NC NC 820000 UG/KG NON-TACO Const Worker DIETHYL PHTHALATE 84-66-2 2000000 UG/KG NC 63000000 UG/KG NC 2000000 UG/KG NC 1000000000 UG/KG NC 2000000 UG/KG NC 1.000000000 UG/KG NC 470000 	UG/KG NC NC 470000 UG/KG TACO - SO to GW Class I DIMETHYL PHTHALATE 131-11-3 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC DI-N-BUTYL PHTHALATE 84-74-2 2300000 UG/KG NC 7800000 UG/KG NC 2300000 UG/KG NC 200000000 UG/KG NC 2300000 UG/KG NC 2000000000 UG/KG NC 2300000 UG/KG NC NC 2300000 UG/KG TACO Residential Ingestion DI-N-OCTYL PHTHALATE 117-84-0 10000000 UG/KG NC 1600000 UG/KG NC 10000000 UG/KG NC 41000000 UG/KG NC 10000000 UG/KG NC 4100000 UG/KG NC 10000000 UG/KG NC NC 1600000 UG/KG TACO Residential Ingestion HEXACHLOROBENZENE 118-74-1 1000 UG/KG NC 400 UG/KG NC 1800 UG/KG NC 4000 UG/KG NC 2600 UG/KG NC 78000 UG/KG NC 2000 	UG/KG NC NC 400 UG/KG TACO Residential Ingestion HEXACHLOROBUTADIENE 87-68-3 NC 150000 UG/KG NC 78000 UG/KG NC 150000 UG/KG NC 2000000 UG/KG NC 72000 UG/KG NC 200000 UG/KG NC 2200 UG/KG NC 2200 UG/KG NON-TACO - SO to GW Class I HEXACHLOROCYCLOPENTADIENE 77-47-4 10000 UG/KG NC 550000 UG/KG NC 16000 UG/KG NC 14000000 UG/KG NC 1100 UG/KG NC 1400000 UG/KG NC 400000 	UG/KG NC NC 10000 UG/KG TACO Residential Ingestion N-NITROSODIPHENYLAMINE  86-30-6 NC NC 130000 UG/KG NC NC NC 1200000 UG/KG NC NC NC 25000000 UG/KG NC 1000 	UG/KG • NC NC 1000 UG/KG TACO - SO to GW Class I PENTACHLOROPHENOL 87-86-5 NC NC 3000 UG/KG NC NC NC 24000 UG/KG NC NC NC 520000 UG/KG NC 30 	UG/KG NC 20 UG/KG 20 UG/KG TACO pH Specific Criteria POLYNUCLEAR AROMATIC HYDROCARBONS 
ACENAPHTHENE  83-32-9 NC NC 4700000 UG/KG NC NC NC 120000000 UG/KG NC NC NC 120000000 	UG/KG 	NC 	 570000 	UG/KG NC 	 NC 570000 UG/KG TACO - SO to GW Class I ACENAPHTHYLENE  208-96-8 NC NC NC 2300000 UG/KG NC NC NC 61000000 UG/KG NC NC NC 	 61000000 	UG/KG 	NC 85000 	UG/KG 	NC 85000 UG/KG NON-TACO - SO to GW Class I ANTHRACENE 120-12-7 NC NC 23000000 UG/KG NC NC NC 610000000 UG/KG NC NC NC 610000000 	UG/KG 	NC 	 12000000 UG/KG NC 	 NC 12000000 UG/KG TACO - SO to GW Class I BENZO(A)ANTHRACENE 56-55-3 NC NC 900 UG/KG NC NC NC 8000 UG/KG NC NC NC 170600 	UG/KG 	NC 	 2000 	UG/KG NC 	 NC 900 UG/KG TACO Residential Ingestion BENZO(A)PYRENE  50-32-8 NC NC 90 UG/KG NC NC NC 800 UG/KG NC NC NC 17000 	UG/KG 	NC 	 8000 	UG/KG NC 	 NC 90 UG/KG TACO Residential Ingestion BENZO(B)FLUORANTHENE  205-99-2 NC NC 900 UG/KG NC NC NC 8000 UG/KG NC NC NC 170000 	UG/KG 	NC 	 5000 	UG/KG NC 	 NC 900 UG/KG TACO Residential Ingestion BENZO(G,H,I)PERYLENE  191-24-2 NC NC NC 2300000 UG/KG NC NC NC 61000000 UG/KG NC NC NC 	 61000000 	UG/KG 	NC 27000000 UG/KG 	NC 2300000 UG/KG NON-TACO Residential Ingestion BENZO(K)FLUORANTHENE  207-08-9 NC NC 9000 UG/KG NC NC NC 78000 UG/KG NC NC NC 1700000 	UG/KG 	NC 	 49000 	UG/KG NC 	 NC 9000 UG/KG TACO Residential Ingestion CHRYSENE  218-01-9 NC NC 88000 UG/KG NC NC NC 780000 UG/KG NC NC NC 17000000 	UG/KG 	NC 	 160000 	UG/KG NC 	 NC 88000 UG/KG TACO Residential Ingestion DIBENZO(A,H)ANTHRACENE  53-70-3 NC NC 90 UG/KG NC NC NC 800 UG/KG NC NC NC 17000 	UG/KG 	NC 	 • 2000 	UG/KG NC 	 NC 90 UG/KG TACO Residential Ingestion FLUORANTHENE  206-44-0 NC NC 3100000 UG/KG NC NC NC 82000000 UG/KG NC NC NC 82000000 	UG/KG 	NC 	 4300000 UG/KG NC 	 NC 3100000 UG/KG TACO Residential Ingestion FLUORENE  86-73-7 NC NC 3100000 UG/KG NC NC NC 82000000 UG/KG NC NC NC 82000000 	UG/KG 	NC 	 560000 	UG/KG NC 	 NC 560000 UG/KG TACO - SO to GW Class I 2-METHYLNAPHTHALENE  91-57-6 NC NC NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC INDEN0(1,2,3-CD)PYRENE  193-39-5 NC NC 900 UG/KG NC NC NC 8000 UG/KG NC NC NC 170000 	UG/KG 	NC 	 14000 	UG/KG NC 	 NC 900 UG/KG TACO Residential Ingestion NAPHTHALENE  91-20-3 170000 	UG/KG NC 1600000 UG/KG NC 270000 UG/KG 	NC 41000000 UG/KG NC 1800 	UG/KG NC 4100000 	UG/KG 	NC 	 12000 	UG/KG NC 	 NC 12000 UG/KG TACO - SO to GW Class I PHENANTHRENE 85-01-8 NC NC NC 2300000 UG/KG NC NC NC 61000000 UG/KG NC NC NC 	 61000000 	UG/KG 	NC 200000 	UG/KG 	NC 200000 UG/KG NON-TACO - SO to GW Class I PYRENE  129-00-0 NC NC 2300000 UG/KG NC NC NC 61000000 UG/KG NC NC NC 61000000 	UG/KG 	NC 	 4200000 UG/KG NC 	 NC 2300000 UG/KG TACO Residential Ingestion PCBs 
AROCLOR-1016  12674-11-2 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1221  11104-28-2 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1232  11141-16-5 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1242  53469-21-9 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1248 12672-29-6 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1254  11097-69-1 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC AROCLOR-1260  11096-82-5 NC NC 	 NC NC NC NC NC NC NC NC NC 	 NC 	 NC NC 	 NC NC NC TOTAL AROCLOR 
INORGANICS 

1336-36-3 NC NC 	 1000 UG/KG NC NC NC 1000 	UG/KG NC NC NC 1000 	 NC 	 NC NC 	 NC 1000 UG/KG TACO Residential Ingestion 

ALUMINUM  7429-90-5 NC 1000000 MG/KG NC 78000 MG/KG NC 1000000 MG/KG NC 1000000 MG/KG NC 870000 MG/KG NC 410000 MG/KG NC NC NC 78000 MG/KG NON-TACO Residential Ingestion ANTIMONY  7440-36-0 NC NC 31 MG/KG NC NC NC 820 MG/KG NC NC NC 82 	• MG/KG NC NC NC 5 MG/KG 5 MG/KG TACO pH Specific Criteria ARSENIC  7440-38-2 750 MG/KG NC NC NC 1200 MG/KG NC NC NC 25000 MG/KG NC 61 MG/KG NC NC NC 30 MG/KG 30 MG/KG TACO pH Specific Criteria BARIUM  7440-39-3 690000 MG/KG NC 5500 MG/KG NC 910000 MG/KG NC 140000 MG/KG NC 870000 MG/KG NC 14000 MG/KG NC NC NC 1800 MG/KG 1800 MG/KG TACO pH Specific Criteria BERYLLIUM  7440-41-7 1300 MG/KG NC 160 MG/KG NC 2100 MG/KG NC 4100 MG/KG NC 44000 MG/KG NC 410 MG/KG NC NC NC 1000 MG/KG 160 MG/KG TACO Residential Ingestion CADMIUM  7440-43-9 1800 MG/KG NC 78 MG/KG NC 2800 MG/KG NC 2000 MG/KG NC 59000 MG/KG NC 200 MG/KG NC NC NC 59 MG/KG 59 MG/KG TACO pH Specific Criteria CALCIUM  7440-70-2 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC CHROMIUM  7440-47-3 270 MG/KG NC 230 MG/KG NC 420 MG/KG NC 6100 MG/KG NC 690 MG/KG NC 4100 MG/KG NC NC NC NC 230 MG/KG TACO Residential Ingestion COBALT  7440-48-4 NC NC 4700 MG/KG NC NC NC 120000 MG/KG NC NC NC 12000 MG/KG NC NC NC NC 4700 MG/KG TACO Residential Ingestion COPPER  7440-50-8 NC NC 2900 MG/KG NC NC NC 82000 MG/KG NC NC NC 8200 MG/KG NC NC NC 330000 MG/KG 2900 MG/KG TACO Residential Ingestion IRON  7439-89-6 NC NC NC 55000 MG/KG NC NC NC 1000000 MG/KG NC NC NC 140000 MG/KG NC NC NC 55000 MG/KG NON-TACO Residential Ingestion LEAD  7439-92-1 NC NC 400 MG/KG NC NC NC 800 MG/KG NC NC NC 700 MG/KG NC NC NC 107 MG/KG 107 MG/KG TACO pH Specific Criteria MAGNESIUM  7439-95-4 NC NC 325000 MG/KG NC NC NC NC NC NC NC 730000 MG/KG NC NC NC NC 325000 MG/KG TACO Residential Ingestion MANGANESE 7439-96-5 69000 MG/KG NC 1600 MG/KG NC 91000 MG/KG NC 41000 MG/KG NC 8700 MG/KG NC 4100 MG/KG NC NC NC NC 1600 MG/KG TACO Residential Ingestion 
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TABLE F-1A 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER  
CORRECTED 

CAS 

TACO Residential 
Inhalation (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Residential 
Ingestion (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Industrial 
Inhalation (2) 

NON-TACO 
Indus rial 

Inhalation (4) 

TACO Industrial 
Ingestion (2) 

NON-TACO 
Indust MI 

Ingestion(4) 
Worker Soil Inhalation(2) 

NON-TACO - 
Construction Worker 

Soil Inhalation(4) 

TACO - Construction 
Worker Soil 
Ingestion(2) 

TACO - Construction Minimum NON-TACO -Construction 
Worker Soil ingestion(4) 

TACO - SO to GW 
Class 	(1) 

NON-TACO - SO 
to GW Class I (3) 

TACO pH 
Specific 
Criteria 

IL 
Criteria MINIMUM IL BASIS 

MERCURY  7439-97-6 10 MG/KG NC 23 MG/KG NC 16 MG/KG NC 610 MG/KG NC 0.1 MG/KG NC 61 MG/KG NC NC NC 6.4 MG/KG 6.4 MG/KG TACO pH Specific Criteria NICKEL  7440-02-0 13000 MG/KG NC 1600 MG/KG NC 21000 MG/KG NC 41000 MG/KG NC 440000 MG/KG NC 4100 MG/KG NC NC NC 700 MG/KG 700 MG/KG TACO pH Specific Criteria POTASSIUM 7440-09-7 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC SELENIUM  7782-49-2 NC NC 390 MG/KG NC NC NC 10000 MG/KG NC NC NC 1000 MG/KG NC NC NC 3.3 MG/KG 3.3 MG/KG TACO pH Specific Criteria SILVER 7440-22-4 NC NC 390 MG/KG NC NC NC 10000 MG/KG NC NC NC 1000 MG/KG NC NC NC 39 MG/KG 39 MG/KG TACO pH Specific Criteria SODIUM  7440-23-5 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC THALLIUM  7440-28-0 NC NC 6.3 MG/KG NC NC NC 160 MG/KG NC NC NC 160 MG/KG NC NC NC 3.4 MG/KG 3.4 MG/KG TACO pH Specific Criteria VANADIUM 7440-62-2 NC NC 550 MG/KG NC NC NC 14000 MG/KG NC NC NC 1400 MG/KG NC NC NC 980 MG/KG 550 MG/KG TACO Residential Ingestion ZINC 
TCLP-INCIRnANTrg 

7440-66-6 NC NC 23000 MG/KG NC NC NC _ 610000 MG/KG NC NC NC 61000 MG/KG NC NC NC 16000 MG/KG 16000 MG/KG TACO pH Specific Criteria 

ALUMINUM  7429-90-5 NC NC NC NC NC NC NC NC NC NC NC NC NC 3.5 MG/L 	NC 3.5 MG/L NON-TACO - SO to GW Class I ANTIMONY  7440-36-0 NC NC NC NC NC NC NC NC NC NC NC NC 0.006 	MG/L NC NC 0.006 MG/L TACO - SO to GW Class I ARSENIC  7440-38-2 NC NC NC NC NC NC NC NC NC NC NC NC 0.05 	MG/L NC NC 0.05 MG/L TACO - SO to GW Class I BARIUM  7440-39-3 NC NC NC NC NC NC NC NC NC NC NC NC 2 	MG/L NC NC 2 MG/L TACO - SO to GW Class I BERYLLIUM  7440-41-7 NC NC NC NC NC NC NC NC NC NC NC NC 0.004 	MG/L NC NC 0.004 MG/L TACO - SO to GW Class I CADMIUM  7440-43-9 NC NC NC NC NC NC NC NC NC NC NC 	- NC 0.005 	MG/L NC NC 0.005 MG/L TACO - SO to GW Class I CALCIUM  7440-70-2 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC CHROMIUM 7440-47-3 NC NC NC NC NC NC NC NC NC NC NC NC 0.1 	MG/L NC NC 0.1 MG/L TACO - SO to GW Class I COBALT  7440-48-4 NC NC NC NC NC NC NC NC NC NC NC NC MG/L NC NC MG/L TACO - SO to GW Class I COPPER 7440-50-8 NC NC NC NC NC NC NC NC NC NC NC NC 0.65 	MG/L NC NC 0.65 MG/L TACO - SO to GW Class I IRON  7439-89-6 NC NC NC NC NC NC NC NC NC NC NC NC 5 	MG/L 5 MG/L 	NC 5 MG/L TACO - SO to GW Class I LEAD  7439-92-1 NC NC NC NC NC NC NC NC NC NC NC NC 0.0075 	MG/L NC NC 0.0075 MG/L TACO - SO to GW Class I MAGNESIUM  7439-95-4 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC MANGANESE  7439-96-5 NC NC NC NC NC NC NC NC NC NC NC NC 0.15 	MG/L NC NC 0.15 MG/L TACO - SO to GW Class I MERCURY  7439-97-6 NC NC NC NC NC NC NC NC NC NC NC NC 0.002 	MG/L NC NC 0.002 MG/L TACO - SO to GW Class I NICKEL 7440-02-0 NC NC NC NC NC NC NC NC NC NC NC NC 0.1 	MG/L NC NC 0.1 MG/L TACO - SO to GW Class I POTASSIUM  7440-09-7 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC SELENIUM 7782-49-2 NC NC NC NC NC NC NC NC NC NC NC NC 0.05 	MG/L NC NC 0.05 MG/L TACO - SO to GW Class I SILVER  7440-22-4 NC NC NC NC NC NC NC NC NC NC NC NC 0.05 	MG/L NC NC 0.05 MG/L TACO - SO to GW Class I SODIUM  7440-23-5 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC THALLIUM  7440-28-0 NC NC NC NC NC NC NC NC NC NC NC NC 0.002 	MG/L NC NC 0.002 MG/L TACO - SO to GW Class I VANADIUM  7440-62-2 NC NC NC NC NC NC NC NC NC NC NC NC 0.049 	MG/L NC NC 0.049 MG/L TACO - SO to GW Class I ZINC 7440-66-6 NC NC NC _ 	NC NC NC NC NC NC NC NC NC 5 	MG/L NC NC 5 MG/L TACO - SO to GW Class I VOLATILE ORGANICS  
1,1,1-TRICHLOROETHANE  71-55-6 1200000 UG/KG NC NC NC 1200000 UG/KG NC NC NC 1200000 UG/KG NC NC NC 2000 UG/KG NC NC 2000 UG/KG TACO - SO to GW Class I 1,1,2,2-TETRACHLOROETHANE  79-34-5 NC 2000000 UG/KG NC 310000 UG/KG NC 2000000 UG/KG NC 8200000 UG/KG NC 2100000 UG/KG NC NC NC 220 	UG/KG NC 220 UG/KG NON-TACO - SO to GW Class I 1,1,2-TRICHLOROETHANE  79-00-5 1800000 UG/KG NC 310000 UG/KG NC 1800000 UG/KG NC 8200000 UG/KG NC NC 2000000 UG/KG NC NC 20 UG/KG NC NC 20 UG/KG TACO - SO to GW Class I 1,1-DICHLOROETHANE  75-34-3 1300000 UG/KG NC 7800000 UG/KG NC 1700000 UG/KG NC 200000000 UG/KG NC 130000 UG/KG NC 200000000 UG/KG NC 23000 UG/KG NC NC 23000 UG/KG TACO - SO to GW Class I 1,1-DICHLOROETHENE  75-35-4 290000 UG/KG NC 3900000 UG/KG NC 470000 UG/KG NC 100000000 UG/KG NC 3000 UG/KG NC 10000000 UG/KG NC 60 UG/KG NC NC 60 UG/KG TACO - SO to GW Class I 1,2,4-TR1CHLOROBENZENE  120-82-1 3200000 UG/KG NC 780000 UG/KG NC 3200000 UG/KG NC 20000000 UG/KG NC 920000 UG/KG NC 2000000 UG/KG NC 5000 UG/KG NC NC 5000 UG/KG TACO - SO to GW Class I 1,2-DIBROMOETHANE  106-93-4 60 UG/KG NC 320 UG/KG NC 120 UG/KG NC 2900 UG/KG NC 160 UG/KG NC 62000 UG/KG NC 0.4 UG/KG NC NC 0.4 UG/KG TACO - SO to GW Class I 1,2-DICHLOROBENZENE  95-50-1 560000 UG/KG NC 7000000 UG/KG NC 560000 UG/KG NC 180000000 UG/KG NC 310000 UG/KG NC 18000000 UG/KG NC 17000 UG/KG NC NC 17000 UG/KG TACO - SO to GW Class I 1,2-DICHLOROETHANE  107-06-2 400 UG/KG NC 7000 UG/KG NC 700 UG/KG NC 63000 UG/KG NC 990 UG/KG NC 1400000 UG/KG NC 20 UG/KG NC NC 20 UG/KG TACO - SO to GW Class I 1,2-DICHLOROPROPANE  78-87-5 15000 UG/KG NC 9000 UG/KG NC 23000 UG/KG NC 84000 UG/KG NC 500 UG/KG NC 1800000 UG/KG NC 30 UG/KG NC NC 30 UG/KG TACO - SO to GW Class I 1,3-DICHLOROBENZENE  541-73-1 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 1,4-DICHLOROBENZENE  106-46-7 11000000 UG/KG NC NC NC 17000000 UG/KG NC NC NC 340000 UG/KG NC NC NC 2000 UG/KG NC NC 2000 UG/KG TACO - SO to GW Class I 2-BUTANONE  78-93-3 NC NC NC NC NC NC NC NC NC 710000 UG/KG NC 120000000 UG/KG NC NC NC NC NC 2-HEXANONE  591-78-6 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4-METHYL-2-PENTANONE  108-10-1 NC 3100000 UG/KG NC NC NC 3100000 UG/KG NC NC NC 340000 UG/KG NC NC NC NC NC 340000 UG/KG NON-TACO Const Worker ACETONE  67-64-1 100000000 UG/KG NC 70000000 UG/KG NC 100000000 UG/KG NC NC NC 100000000 UG/KG NC NC NC 25000 UG/KG NC NC 25000 UG/KG TACO - SO to GW Class I BENZENE  71-43-2 800 UG/KG NC 12000 UG/KG NC 1600 UG/KG NC 100000 UG/KG NC 2200 UG/KG NC 2300000 UG/KG NC 30 UG/KG NC NC 30 UG/KG TACO - SO to GW Class I BROMODICHLOROMETHANE  75-27-4 3000000 UG/KG NC 10000 UG/KG NC 3000000 UG/KG NC 92000 UG/KG NC 3000000 UG/KG NC 2000000 UG/KG NC 600 UG/KG NC NC 600 UG/KG TACO - SO to GW Class I BROMOFORM  75-25-2 53000 UG/KG NC 81000 UG/KG NC 100000 UG/KG NC 720000 UG/KG NC 140000 UG/KG NC 16000000 UG/KG NC 800 UG/KG NC NC 800 UG/KG TACO - SO to GW Class I BROMOMETHANE  74-83-9 10000 UG/KG NC 110000 UG/KG NC 15000 UG/KG NC 2900000 UG/KG NC 3900 UG/KG NC 1000000 UG/KG NC 200 UG/KG NC NC 200 UG/KG TACO - SO to GW Class I CARBON DISULFIDE  75-15-0 720000 UG/KG NC 7800000 UG/KG NC 720000 UG/KG NC 200000000 UG/KG NC 9000 UG/KG NC 20000000 UG/KG NC 32000 UG/KG NC NC 9000 UG/KG TACO Const Worker CARBON TETRACHLORIDE  56-23-5 300 UG/KG NC 5000 UG/KG NC 640 UG/KG NC 44000 UG/KG NC 900 UG/KG NC 410000 UG/KG NC 70 UG/KG NC NC 70 UGXG TACO - SO to GW Class I CHLOROBENZENE  108-90-7 130000 UG/KG NC 1600000 UG/KG NC 210000 UG/KG NC 41000000 UG/KG NC 1300 UG/KG NC 4100000 UG/KG NC 1000 UG/KG NC NC 1000 UG/KG TACO - SO to GW Class I CFILOROETHANE  75-00-3 NC 1500000 UG/KG NC NC NC 1500000 UG/KG NC NC NC 97000 UG/KG NC NC NC NC NC 97000 UG/KG NON-TACO Const Worker CHLOROFORM 67-66-3 300 UG/KG NC 100000 UG/KG NC 540 UG/KG NC 940000 UG/KG NC 760 UG/KG NC 2000000 UG/KG NC 600 UG/KG NC NC 300 UG/KG TACO Residential Ingestion CHLOROMETHANE  74-87-3 NC 110000 UG/KG NC NC NC 180000 UG/KG NC NC NC 11000 UG/KG NC NC NC NC NC 11000 UG/KG NON-TACO Const Worker 1,2-DIBROM0-3-CHLOROPROPANE  96-12-8 11000 UG/KG NC 460 UG/KG NC 17000 UG/KG NC 4000 UG/KG NC 110 NC 89000 UG/KG NC 2 UG/KG NC NC 2 UG/KG TACO - SO to GW Class I CIS-1,2-DICHLOROETHENE  156-59-2 1200000 UG/KG NC 780000 UG/KG NC 1200000 UG/KG NC 20000000 UG/KG NC 1200000 UG/KG NC 20000000 UG/KG NC 400 UG/KG NC NC 400 UG/KG TACO - SO to GW Class I CIS-1,3-DICHLOROPROPENE  10061-01-5 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC CYCLOHEXANE  110-82-7 NC 280000 UG/KG NC NC NC 280000 UG/KG NC NC NC 110000 UG/KG NC NC NC NC NC 110000 UG/KG NON-TACO Const Worker CHLORODIBROMOMETHANE 124-48-1 1300000 UG/KG NC 1600000 UG/KG NC 1300000 UG/KG NC 41000000 UG/KG NC 1300000 UG/KG NC 41000000 UG/KG NC 400 UG/KG NC NC 400 UG/KG TACO - SO to GW Class I DICHLORODIFLUOROMETHANE 75-71-8 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC ETHYLBENZENE  100-41-4 400000 UG/KG NC 7800000 UG/KG NC 400000 UG/KG NC 200000000 UG/KG NC 58000 UG/KG NC 20000000 UG/KG NC 13000 UG/KG NC NC 13000 UG/KG TACO - SO to GW Class I ISOPROPYLBENZENE 98-82-8 NC NC NC NC NC NC NC NC NC 51000 UG/KG NC NC NC NC NC 51000 UG/KG NON-TACO Const Worker METHYL ACETATE 79-20-9 NC 27000000 UG/KG NC 78000000 UG/KG NC 27000000 UG/KG NC 1000000000 UG/KG NC 27000000 UG/KG NC 1000000000 UG/KG NC 29000 	UG/KG NC 29000 UG/KG NON-TACO - SO to GW Class I METHYL CYCLOHEXANE  108-87-2 NC 120000 UG/KG NC NC NC 120000 UG/KG NC NC NC 46000 UG/KG NC NC NC NC NC 46000 UG/KG NON-TACO Cons( Worker METHYLENE CHLORIDE 75-09-2 13000 UG/KG NC 85000 UG/KG NC 24000 UG/KG NC 760000 UG/KG NC 34000 UG/KG NC 12000000 UG/KG NC 20 UG/KG NC NC 20 UG/KG TACO - SO to GW Class I METHYL TERT-BUTYL ETHER 1634-04-4 8800000 UG/KG NC 780000 UG/KG NC 8800000 UG/KG NC 20000000 UG/KG NC 140000 UG/KG NC 2000000 UG/KG NC 320 UG/KG NC NC 320 UG/KG TACO - SO to GW Class I STYRENE 100-42-5 1500000 UG/KG NC 16000000 UG/KG NC 1500000 UG/KG NC 410000000 UG/KG NC 430000 UG/KG NC 41000000 UG/KG NC 4000 UG/KG NC NC 4000 UG/KG TACO - SO to GW Class I TETRACHLOROETHENE 127-18-4 11000 UG/KG NC 12000 UG/KG NC 20000 UG/KG NC 110000 UG/KG NC 28000 UG/KG NC 2400000 UG/KG NC 60 UG/KG NC NC 60 UG/KG TACO - SO to GW Class I TOLUENE 108-88-3 650000 UG/KG NC 16000000 UG/KG NC 650000 UG/KG NC 410000000 UG/KG NC 42000 UG/KG NC 410000000 UG/KG NC 12000 UG/KG NC NC 12000 UG/KG TACO - SO to GW Class I TRANS- 1,2-DICHLOROETHENE 156-60-5 3100000 UG/KG NC 1600000 UG/KG NC 3100000 UG/KG NC 41000000 UG/KG NC 3100000 UG/KG NC 41000000 UG/KG NC 700 UG/KG NC NC 700 UG/KG TACO - SO to GW Class I TRANS- 1,3-DICHLOROPROPENE 10061 - 02 - 6 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC TRICHLOROETHENE  79-01-6 5000 UG/KG NC 58000 UG/KG NC 8900 UG/KG NC 520000 UG/KG NC 12000 UG/KG NC 1200000 UG/KG NC 60 UG/KG NC NC 60 UG/KG TACO - SO to GW Class I TRICHLOROFLUOROMETHANE 75-69-4 NC NC NC NC NC NC NC NC NC 88000 UG/KG NC 140000000 UG/KG NC NC NC NC NC 1,1,2-TRICHLOROTRIFLUOROETHANE 76-13-1 NC 1000000 UG/KG NC 1000000000 UG/KG NC 1000000 UG/KG NC 1000000000 UG/KG NC 11000000 UG/KG NC 1000000 UG/KG NON-TACO Residential Ingestion VINYL CHLORIDE 75-01-4 280 UG/KG NC 460 UG/KG NC 1100 UG/KG NC 7900 UG/KG NC 1100 UG/KG NC 170000 UG/KG NC 10 UG/KG NC NC 10 UG/KG TACO - SO to GW Class I TOTAL XYLENES 	 1330-20-7 

PESTICIDES SW-846 METHODS 3510C/3520C/35508/8081A 
320000 UG/KG NC 16000000 UG/KG NC 320000 UG/KG NC 410000000 UG/KG NC 5600 NC 41000000 UG/KG NC 150000 UG/KG NC NC 5600 UG/KG TACO Const Worker 

4.4'-DDD  72-54-8 NC NC 3000 UG/KG NC NC NC 24000 UG/KG NC NC NC 520000 UG/KG NC 16000 UG/KG NC NC 3000 UG/KG TACO Residential Ingestion 4,4,DDE  72-55-9 NC NC 2000 UG/KG NC NC NC 17000 UG/KG NC NC NC 370000 UG/KG NC 54000 UG/KG NC NC 2000 UG/KG TACO Residential Ingestion 4.4,MT  50-29-3 NC NC 2000 UG/KG NC 1500000 UG/KG NC 17000 UG/KG NC 2100000 UG/KG NC 100000 UG/KG NC 32000 UG/KG NC NC 2000 UG/KG TACO Residential Ingestion Aldrin 
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TABLE F-1A 
REFERENCE DATA FOR PROJECT ACTION LIMITS- 

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

TACO Residential 
Inhalation (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Residential 
Ingestion (1) 

NON-TACO 
Residential 

Ingestion (3) 

TACO Industrial 
Inhalation (2) 

NON-TACO 
Indus rial 

Inhalation (4) 

TACO Industrial 
Ingestion (2) 

NON-TACO 
Indust ial 

Ingestion(4) 

TACO - Construction 
Worker Soil Inhalation(2) 

NON-TACO- 
Construction Worker 

Soil inhalation(4) 

TACO - Construction 
Worker Soli 
ingestion(2) 

NON-TACO - Construction 
Worker Soil Ingestion(4) 

TACO-SO to GW 
Class I (1) 

NON-TACO - SO 
to GW Class I (3) 

TACO pH 
Specific 
Criteria 

Minimum IL 
Criteria MINIMUM IL BASIS 

Dieldrin 60-57-1 1000 UG/KG NC 40 UG/KG NC 2200 UG/KG NC 400 UG/KG NC 3100 UG/KG NC 7800 UG/KG NC 4 UG/KG NC NC 4 UG/KG TACO - SO to GW Class I 
Endosulfan 115-29-7 NC NC 470000 UG/KG NC NC NC 12000000 UG/KG NC NC NC 1200000 UG/KG NC 18000 UG/KG NC NC 18000 UG/KG TACO - SO to GW Class I 
Endosulfan I 959-98-8 I ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC NC NC NC 
Endosulfan II 33213-65-9 I ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC NC NC NC 
Endosulfan sulfate 1031-07-8 I ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN NC NC NC NC 
Endrin 72-20-8 NC 	I NC I 	23000 	I UG/KG NC I 	NC 	I NC I 	610000 	I UG/KG NC I 	NC 	I NC 61000 	I UG/KG NC I 	1000 	I UG/KG NC NC 1000 UG/KG TACO - SO to GW Class I 
Endrin aldehyde 7421-93-4 JSE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC NC NC NC 
Endrin ketone 53494-70-5 JSE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC USE ENDRIN NC NC NC NC 
gamma-BEIC (Lindane) 58-89-9 NC 	I NC I 	500 	I UG/KG NC I 	NC 	I NC I 	4000 	I UG/KG NC I 	NC 	I NC 96000 	I UG/KG NC I 	9 	I UG/KG NC NC 9 UG/KG TACO - SO to GW Class I 
gamma-Chlordane 5103-74-2 E CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC USE CHLORDANE NC NC NC NC 
Heptachlor 76-44-8 100 UG/KG NC 100 UG/KG NC 11000 UG/KG NC 1000 UG/KG NC 16000 UG/KG NC 28000 UG/KG NC 23000 UG/KG NC NC 100 UG/KG TACO Residential Ingestion 
Heptachlor epoxide 1024-57-3 5000 UG/KG NC 70 UG/KG NC 3200 UG/KG NC 600 UG/KG NC 13000 UG/KG NC 2700 UG/KG NC 700 UG/KG NC NC 70 UG/KG TACO Residential Ingestion 
Methoxychlor 72-43-5 NC NC 390000 UG/KG NC NC NC 10000000 UG/KG NC NC NC 1000000 UG/KG NC 160000 UG/KG NC NC 160000 UG/KG NC 
Toxaphene 8001-35-2 89000 UG/KG NC 600 UG/KG NC 170000 UG/KG NC 5200 UG/KG NC 240000 UG/KG NC 110000 UG/KG NC 31000 UG/KG NC NC 600 UG/KG TACO Residential Ingestion 

NA = not available; no criteria is available for that parameter for that chemical 
1 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (Ingestion, Inhalation, or Soil Component of Groundwater Ingestion Route)(Online July, 2008). 
2 - Section 742 Table B, Tier 1 Soil Remediation Objectives for Industrial/Commercial Properties (Ingestion or Inhalation) (Online July, 2008). 
3 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals (May 1, 2007) 
4 - Soil Remediation Objectives for IndusrialiCommercial Properties, Non-TACO Chemicals (May 1, 2007) 
5 - Oak Ridge National Laboratory Regional Screening Level (ORNL, September 12, 2008) 

Definitions:  
C - Carcinogen 
s - Concentration may exceeed soil saturation concentration. 
DAF - Dilution Attneuation Factor 
TACO - Tiered Approach to Corrective Action Objectives 
N - Noncarcinogen 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO - Soil 
IL - Illinois 
SSL - Soil Screening Limits 
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TABLE F-1B 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

USEPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
-------. - -- -- 

CORRECTED 
CAS 

USEPA ORNL 
Residential Soil (5) 

USEPA ORNL Risk 
Based SSLs (5) 

USEPA ORNL SSLs 
for Res'dential 
Inhalation (5) 

Criteria 
Minimum Federal 

MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

BIS(2-CHLOROETHYL)ETHER 111-44-4 210 UG/KG 0.031 UG/KG 240 UG/KG 0.031 UG/KG USEPA Risk Based SSLs 0.031 UG/KG USEPA Risk Based SSLs 
2-CHLOROPHENOL 95-57-8 390000 UG/KG 150 UG/KG NC 150 UG/KG USEPA Risk Based SSLs 150 UG/KG USEPA Risk Based SSLs 
PHENOL 108-95-2 18000000 UG/KG 6300 UG/KG NC 6300 UG/KG USEPA Risk Based SSLs 6300 UG/KG USEPA Risk Based SSLs 
HEXACHLOROETHANE 67-72-1 35000 UG/KG 2.9 UG/KG 54000 UG/KG 2.9 UG/KG USEPA Risk Based SSLs 2.9 UG/KG USEPA Risk Based SSLs 
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 69 UG/KG 0.0072 UG/KG NC 0.0072 UG/KG USEPA Risk Based SSLs 0.0072 UG/KG USEPA Risk Based SSLs 
NITROBENZENE 98-95-3 4800 UG/KG 0.079 UG/KG 90000 UG/KG 0.079 UG/KG USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSLs 
2-METHYLPHENOL 95-48-7 3100000 UG/KG 1500 UG/KG NC 1500 UG/KG USEPA Risk Based SSLs 1500 UG/KG USEPA Risk Based SSLs 
ISOPHORONE 78-59-1 510000 UG/KG 23 UG/KG NC 23 UG/KG USEPA Risk Based SSLs 23 UGNG USEPA Risk Based SSLs 
4-METHYLPHENOL 106-44-5 310000 UG/KG 150 UG/KG NC 150 UG/KG USEPA Risk Based SSLs 150 UG/KG USEPA Risk Based SSLs 
1,1-BIPHENYL 92-52-4 3900000 UG/KG 19000 UG/KG NC 19000 UG/KG USEPA Risk Based SSLs 19000 UG/KG USEPA Risk Based SSLs 
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 4600 UG/KG 0.12 UG/KG 6900 UG/KG 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
2,4,5-TRICHLOROPHENOL 95-95-4 6100000 UG/KG 14000 UG/KG NC 14000 UG/KG USEPA Risk Based SSLs 14000 UG/KG USEPA Risk Based SSLs 
2,4,6-TRICHLOROPHENOL 88-06-2 44000 UG/KG 23 UG/KG 200000 UG/KG 23 UG/KG USEPA Risk Based SSLs 23 UG/KG USEPA Risk Based SSLs 
2,4-DICHLOROPHENOL 120-83-2 180000 UG/KG 130 UG/KG NC 130 UG/KG USEPA Risk Based SSLs 130 UG/KG USEPA Risk Based SSLs 
2,4-DIMETHYLPHENOL 105-67-9 1200000 UG/KG 860 UG/KG NC 860 UG/KG USEPA Risk Based SSLs 860 UG/KG USEPA Risk Based SSLs 
2,4-DINITROPHENOL 51-28-5 120000 UG/KG 82 UG/KG NC 82 UG/KG USEPA Risk Based SSLs 82 UG/KG USEPA Risk Based SSLs 
2,4-DINITROTOLUENE 121-14-2 1600 UG/KG 0.29 UG/KG NC 0.29 UG/KG USEPA Risk Based SSLs 0.29 UG/KG USEPA Risk Based SSLs 
2,6-DINITROTOLUENE 606-20-2 61000 UG/KG 50 UG/KG NC 50 UG/KG USEPA Risk Based SSLs 0.7 UG/KG TACO - SO to GW Class I 
2-CHLORONAPHTHALENE 91-58-7 6300000 UG/KG 15000 UG/KG NC 15000 UG/KG USEPA Risk Based SSLs 15000 UG/KG USEPA Risk Based SSLs 
2-NITROANILINE 88-74-4 610000 UG/KG 150 UG/KG 1200 UG/KG 150 UG/KG USEPA Risk Based SSLs 140 UG/KG NON-TACO - SO to GW Class I 
2-NITROPHENOL 88-75-5 NC NC NC NC NC NC NC 
3,3'-DICHLOROBENZIDINE 91-94-1 1100 UG/KG 0.98 UG/KG NC 0.98 UG/KG USEPA Risk Based SSLs 0.98 UG/KG USEPA Risk Based SSLs 
3-NITROANILINE 99-09-2 NC NC 1.42E+09 UG/KG 1.42E+09 UG/KG USEPA SSLs for Residential Inhalation 10 UG/KG NON-TACO - SO to GW Class I 
4,6-DINITRO-2-METHYLPHENOL 534-52-1 6100 UG/KG 6.2 UG/KG NC 6.2 UG/KG USEPA Risk Based SSLs 3.1 UG/KG NON-TACO SO to GW Class I pH Spec 
4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC NC NC NC NC 
4-CHLORO-3-METHYLPHENOL 59-50-7 6100000 UG/KG 4300 UG/KG NC 4300 UG/KG USEPA Risk Based SSLs 4300 UG/KG USEPA Risk Based SSLs 
4-CHLOROANILINE 106-47-8 2400 UG/KG 0.14 UG/KG NC 0.14 UG/KG USEPA Risk Based SSLs 0.14 UG/KG USEPA Risk Based SSLs 
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC NC NC NC NC 
4-NITROANILINE 100-01-6 24000 UG/KG 1.4 UG/KG 5.67E+09 UG/KG 1.4 UG/KG USEPA Risk Based SSLs 1.4 UG/KG USEPA Risk Based SSLs 
4-NITROPHENOL 100-02-7 NC NC NC NC NC NC NC 
ACETOPHENONE 98-86-2 7800000 UG/KG 1100 UG/KG NC 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
ATRAZINE 1912-24-9 2100 UG/KG 0.19 UG/KG NC 0.19 UG/KG USEPA Risk Based SSLs 0.19 UG/KG USEPA Risk Based SSLs 
BENZALDEHYDE 100-52-7 7800000 UG/KG 810 UG/KG NC 810 UG/KG USEPA Risk Based SSLs 810 UG/KG USEPA Risk Based SSLs 
BIS(2-CHLOROETHOXY)METHANE 111-91-1 180000 UG/KG 25 UG/KG NC 25 UG/KG USEPA Risk Based SSLs 25 UG/KG USEPA Risk Based SSLs 
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 35000 UG/KG 1100 UG/KG NC 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
BUTYL BENZYL PHTHALATE 85-68-7 260000 UG/KG 510 UG/KG NC 510 UG/KG USEPA Risk Based SSLs 510 UG/KG USEPA Risk Based SSLs 
CAPROLACTAM .  105-60-2 31000000 UG/KG 4500 UG/KG NC 4500 UG/KG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSLs 
CARBAZOLE 86-74-8 NC NC NC NC NC 600 UG/KG TACO - SO to GW Class I 
DIBENZOFURAN 132-64-9 NC NC NC NC 82000 UG/KG NON-TACO Const Worker 
DIETHYL PHTHALATE 84-66-2 49000000 UG/KG 12000 UG/KG NC 12000 UG/KG USEPA Risk Based SSLs 12000 UG/KG USEPA Risk Based SSLs 
DIMETHYL PHTHALATE 131-11-3 NC NC NC NC NC NC NC 
DI-N-BUTYL PHTHALATE 84-74-2 6100000 UG/KG 9200 UG/KG NC 9200 UG/KG USEPA Risk Based SSLs 9200 UG/KG USEPA Risk Based SSLs 
DI-N-OCTYL PHTHALATE 117-84-0 NC NC NC NC NC 1600000 UG/KG TACO Residential Ingestion 
HEXACHLOROBENZENE 118-74-1 300 UG/KG 0.53 UG/KG 950 UG/KG 0.53 UG/KG USEPA Risk Based SSLs 0.53 UG/KG USEPA Risk Based SSLs 
HEXACHLOROBUTADIENE 87-68-3 6200 UG/KG 1.7 UG/KG 7800 UG/KG 1.7 UG/KG USEPA Risk Based SSLs 1.7 UG/KG USEPA Risk Based SSLs 
HEXACHLOROCYCLOPENTADIENE 77-47-4 370000 UG/KG 160 UG/KG 29000 UG/KG 160 UG/KG USEPA MCL. Based SSLs 160 UG/KG USEPA MCL Based SSLs 
N-NITROSODIPHENYLAMINE 86-30-6 99000 UG/KG 75 UG/KG NC 75 UG/KG USEPA Risk Based SSLs 75 UG/KG USEPA Risk Based SSLs 
PENTACHLOROPHENOL 87-86-5 3000 UG/KG 5.7 UG/KG NC 5.7 UG/KG USEPA Risk Based SSLs 5.7 UG/KG USEPA Risk Based SSLs 
POLYNUCLEAR AROMATIC HYDROCARBONS 
ACENAPHTHENE 83-32-9 3400000 UG/KG 22000 UG/KG NC 22000 UG/KG USEPA Risk Based SSLs 22000 	UG/KG USEPA Risk Based SSLs 
ACENAPHTHYLENE 208-96-8 NC NC NC NC 85000 	UG/KG NON-TACO - SO to GW Class I 
ANTHRACENE 120-12-7 17000000 UG/KG 360000 UG/KG NC 360000 UG/KG USEPA Risk Based SSLs 360000 	UG/KG USEPA Risk Based SSLs 
BENZO(A)ANTHRACENE 56-55-3 150 UG/KG 10 UG/KG NC 10 UG/KG USEPA Risk Based SSLs 10 	UG/KG USEPA Risk Based SSLs 
BENZO(A)PYRENE 50-32-8 15 UG/KG 3.5 UG/KG NC 3.5 UG/KG USEPA Risk Based SSLs 3.5 	UG/KG USEPA Risk Based SSLs 
BENZO(B)FLUORANTHENE 205-99-2 150 UG/KG 35 UG/KG NC 35 UG/KG USEPA Risk Based SSLs 35 	UG/KG USEPA Risk Based SSLs 
BENZO(G,H,I)PERYLENE 191-24-2 NC NC UG/KG NC NC 2300000 	UG/KG NON-TACO Residential Ingestion 
BENZO(K)FLUORANTHENE 207-08-9 1500 UG/KG 350 UG/KG NC 350 UG/KG USEPA Risk Based SSLs 350 	UG/KG USEPA Risk Based SSLs 
CHRYSENE 218-01-9 15000 UG/KG 1100 UG/KG NC 1100 UG/KG USEPA Risk Based SSLs 1100 	UG/KG USEPA Risk Based SSLs 
DIBENZO(A,H)ANTHRACENE 53-70-3 15 UG/KG 11 UG/KG NC 11 UG/KG USEPA Risk Based SSLs UG/KG USEPA Risk Based SSLs 
FLUORANTHENE 206-44-0 2300000 UG/KG 160000 UG/KG NC 160000 UG/KG USEPA Risk Based SSLs 160000 	UG/KG USEPA Risk Based SSLs 
FLUORENE 86-73-7 2300000 UG/KG 27000 UG/KG NC 27000 UG/KG USEPA Risk Based SSLs 27000 	UG/KG USEPA Risk Based SSLs 
2-METHYLNAPHTHALENE 91-57-6 310000 UG/KG 750 UG/KG NC 750 UG/KG USEPA Risk Based SSLs 750 	UG/KG USEPA Risk Based SSLs 
INDENO(1,2,3-CD)PYRENE 193-39-5 150 UG/KG 120 UG/KG NC 120 UG/KG USEPA Risk Based SSLs 120 	UG/KG USEPA Risk Based SSLs 
NAPHTHALENE 91-20-3 3600 UG/KG 0.47 UG/KG 170000 UG/KG 0.47 UG/KG USEPA Risk Based SSLs 0.47 	UG/KG USEPA Risk Based SSLs 
PHENANTHRENE 85-01-8 NC NC NC NC 200000 	UG/KG NON-TACO - SO to GW Class I 
PYRENE 129-00-0 1700000 UG/KG 120000 UG/KG NC 120000 UG/KG USEPA Risk Based SSLs 120000 	UG/KG USEPA Risk Based SSLs 
PCBs 
AROCLOR-1016 12674-11-2 3900 UG/KG 92 UG/KG NC 92 UG/KG USEPA Risk Based SSLs 92 UG/KG USEPA Risk Based SSLs 
AROCLOR-1221 11104-28-2 140 UG/KG 0.12 UG/KG NC 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
AROCLOR-1232 11141-16-5 140 UG/KG 0.12 UG/KG - NC 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
AROCLOR-1242 53469-21-9 220 UG/KG 5.3 UG/KG NC 5.3 UG/KG USEPA Risk Based SSLs 5.3 UG/KG USEPA Risk Based SSLs 
AROCLOR-1248 12672-29-6 220 UG/KG 5.2 UG/KG NC 5.2 UG/KG USEPA Risk Based SSLs 5.2 UG/KG USEPA Risk Based SSLs 
AROCLOR-1254 11097-69-1 220 UG/KG 8.8 UG/KG NC 8.8 UG/KG USEPA Risk Based SSLs 8.8 UG/KG USEPA Risk Based SSLs 
AROCLOR-1260 11096-82-5 220 UG/KG 24 UG/KG NC 24 UG/KG USEPA Risk Based SSLs 24 UG/KG USEPA Risk Based SSLs 
TOTAL AROCLOR 
...- ...- 

1336-36-3 220 UG/KG NC NC 220 UG/KG USEPA Residential Soil 220 UG/KG USEPA Residential Soil 

ALUMINUM 7429 -90 - 5 77000 MG/KG 55000 MG/KG 7090000 MG/KG 55000 MG/KG USEPA Risk Based SSLs 55000 MG/KG USEPA Risk Based SSLs 
ANTIMONY 7440-36-0 31 MG/KG 0.66 MG/KG NC 0.66 MG/KG USEPA Risk Based SSLs 0.66 MG/KG USEPA Risk Based SSLs 
ARSENIC 7440-38-2 0.39 MG/KG 0.0013 MG/KG 769 MG/KG 0.0013 MG/KG USEPA Risk Based SSLs 0.0013 MG/KG USEPA Risk Based SSLs 
BARIUM 7440- 39 - 3 15000 MG/KG 300 MG/KG 709000 MG/KG 300 MG/KG USEPA Risk Based SSLs 300 MG/KG USEPA Risk Based SSLs 
BERYLLIUM 7440-41-7 160 MG/KG 58 MG/KG 1380 MG/KG 58 MG/KG USEPA Risk Based SSLs 58 MG/KG USEPA Risk Based SSLs 
CADMIUM 7440-43-9 70 MG/KG 1.4 MG/KG 1840 MG/KG 1.4 MG/KG USEPA Risk Based SSLs 1.4 MG/KG USEPA Risk Based SSLs 
CALCIUM 7440-70-2 NC NC NC 0 MG/KG NC 0 MG/KG NC 
CHROMIUM 7440-47-3 NC NC 276 MG/KG 276 MG/KG USEPA SSLs for Residential Inhalation 230 MG/KG TACO Residential Ingestion 
COBALT 7440-48-4 23 MG/KG 0.49 MG/KG 1180 MG/KG 0.49 MG/KG USEPA Risk Based SSLs 0.49 MG/KG USEPA Risk Based SSLs 
COPPER 7440-50-8 3100 MG/KG 51 MG/KG NC 51 MG/KG USEPA Risk Based SSLs 51 MG/KG USEPA Risk Based SSLs 
IRON 7439-89-6 55000 MG/KG 640 MG/KG NC 640 MG/KG USEPA Risk Based SSLs 640 MG/KG USEPA Risk Based SSLs 
LEAD 7439-92-1 400 MG/KG NC NC 400 MG/KG USEPA Residential Soil 107 MG/KG TACO pH Specilic Criteria 
MAGNESIUM 7439-95-4 NC NC NC 0 MG/KG NC 0 MG/KG NC 
MANGANESE 7439 -96- 5 1800 MG/KG 57 MG/KG 70900 MG/KG 57 MG/KG USEPA Risk Based SSLs 57 MG/KG USEPA Risk Based SSLs 
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TABLE F-1B 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

USEPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

USEPA ORNL 
Residential Soil (5) 

USEPA ORNL Risk 
Based SSLs (5) 

USEPA ORNL SSLs 
for Res'clential 
Inhalation (5) 

Minimum Federal 
Criteria 

MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

MERCURY 7439-97-6 5.6 MG/KG 0.03 MG/KG 2.9 MG/KG 0.03 MG/KG USEPA Risk Based SSL5 0.03 MG/KG USEPA Risk Based SSLs 
NICKEL 7440-02-0 1500 MG/KG 48 MG/KG NC 48 MG/KG USEPA Risk Based SSLs 48 MG/KG USEPA Risk Based SSLs 
POTASSIUM 7440-09-7 NC NC NC 0 MG/KG NC 0 MG/KG NC 
SELENIUM 7782-49-2 390 MG/KG 0.95 MG/KG NC 0.95 MG/KG USEPA Risk Based SSLs 0.95 MG/KG USEPA Risk Based SSL5 
SILVER 7440-22-4 390 MG/KG 1.6 MG/KG NC 1.6 MG/KG USEPA Risk Based SSLs 1.6 MG/KG USEPA Risk Based SSLs 
SODIUM 7440-23-5 NC NC NC 0 MG/KG NC 0 MG/KG NC 
THALLIUM 7440-28-0 NC NC NC 0 MG/KG NC 0 MG/KG NC 
VANADIUM 7440-62-2 390 MG/KG 180 MG/KG NC 180 MG/KG USEPA Risk Based SSLs 180 MG/KG USEPA Risk Based SSLs 
ZINC 7440-66-6 23000 MG/KG 680 MG/KG NC 680 MG/KG USEPA Risk Based SSLs 680 MG/KG USEPA Risk Based SSLs 
TCLP-INORGANICS 
ALUMINUM 7429-90-S NC NC NC NC NC 3.5 MG/L NON-TACO - SO to GW Class I 
ANTIMONY 7440-36-0 NC NC NC NC NC 0.006 MG/L TACO - SO to GW Class I 
ARSENIC 7440-38-2 NC NC NC NC NC 0.05 MG/L TACO - SO to GW Class I 
BARIUM 7440-39-3 NC NC NC NC NC 2 MG/L TACO - SO to GW Class I 
BERYLLIUM 7440-41-7 NC NC NC NC NC 0.004 MG/L TACO - SO to GW Class I 
CADMIUM 7440-43-9 NC NC NC NC NC 0.005 MG/L TACO - SO to OW Class I 
CALCIUM 7440-70-2 NC NC NC NC NC NC NC 
CHROMIUM 7440-47-3 NC NC NC NC NC 0.1 MG/L TACO - SO to GW Class I 
COBALT 7440-48-4 NC NC NC NC NC 1 MG/L TACO - SO to GW Class I 
COPPER 7440-50-8 NC NC NC NC NC 0.65 MG/L TACO - SO to GW Class I 
IRON 7439-89-6 NC NC NC NC NC 5 MG/L TACO - SO to GW Class I 
LEAD 7439-92-1 NC NC NC NC NC 0.0075 MG/L TACO - SO to GW Class I 
MAGNESIUM 7439-95-4 NC NC NC NC NC NC NC 
MANGANESE 7439-96-5 NC NC NC NC NC 0.15 MG/L TACO - SO to GW Class I 
MERCURY 7439-97-6 NC NC NC NC NC 0.002 MG/L TACO - SO to GW Class I 
NICKEL 7440-02-0 NC NC NC NC NC 0.1 MG/L TACO - SO to GW Class I 
POTASSIUM 7440-09-7 NC NC NC NC NC NC NC 
SELENIUM 7782-49-2 NC NC NC NC NC 0.05 MG/L TACO - SO to GW Class I 
SILVER 7440-22-4 NC NC NC NC NC 0.05 MG/L TACO - SO to GW Class I 
SODIUM 7440-23-5 NC NC NC NC NC NC NC 
THALLIUM 7440-28-0 NC NC NC NC NC 0.002 MG/L TACO - SO to GW Class I 
VANADIUM 7440-62-2 NC NC NC NC NC 0.049 MG/L TACO - SO to GW Class I 
ZINC 7440-66-6 NC NC NC NC NC 5 MG/L TACO - SO to GW Class I 

1,1,1-TRICHLOROETHANE 71-55-6 8700000 UG/KG 3200 UG/KG 1200000 UG/KG 3200 UG/KG USEPA Risk Based SSLs 2000 UG/KG TACO - SO to GW Class I 
1,1,2,2-TETRACHLOROETHANE 79-34-5 560 UG/KG 0.026 UG/KG 580 UG/KG 0.026 UG/KG USEPA Risk Based SSLs 0.026 UG/KG USEPA Risk Based SSL5 
1,1,2-TRICHLOROETHANE 79-00-S 1100 UG/KG 0.078 UG/KG 970 UG/KG 0.078 UG/KG USEPA Risk Based SSL5 0.078 UG/KG USEPA Risk Based SSLs 
1,1-DICHLOROETHANE 75-34-3 3300 UG/KG 0.69 UG/KG 1200000 UG/KG 0.69 UG/KG USEPA Risk Based SSLs 0.69 UG/KG USEPA Risk Based SSLs 
1,1-DICHLOROETHENE 75-35-4 240000 UG/KG 120 UG/KG 290000 UG/KG 120 UG/KG USEPA Risk Based SSLs 60 UG/KG TACO - SO to GW Class I 
1,2,4-TRICHLOROBENZENE 120-82-1 22000 UG/KG 6.8 UG/KG 180000 UG/KG 6.8 UG/KG USEPA Risk Based SSL5 6.8 UG/KG USEPA Risk Based SSLs 
1,2-DIBROMOETHANE 106-93-4 34 UG/KG 0.0018 UG/KG 0.1 UG/KG 0.0018 UG/KG USEPA Risk Based SSLs 0.0018 UG/KG USEPA Risk Based SSLs 
1,2-DICHLOROBENZENE 95-50-1 1900000 UG/KG 360 UG/KG 600000 UG/KG 360 UG/KG USEPA Risk Based SSLs 360 UG/KG USEPA Risk Based SSLs 
1,2-DICHLOROETHANE 107-06-2 430 UG/KG 0.042 UG/KG 360 UG/KG 0.042 UG/KG USEPA Risk Based SSL5 0.042 UG/KG USEPA Risk Based SSLs 
1,2-DICHLOROPROPANE 78-87-5 890 UG/KG 0.13 UG/KG 15000 UG/KG 0.13 UG/KG USEPA Risk Based SSLs 0.13 UG/KG USEPA Risk Based SSLs 
1,3-DICHLOROBENZENE 541-73-1 NC NC NC NC NC NC NC 
1,4-DICHLOROBENZENE 106-46-7 2400 UG/KG 0.41 UG/KG 11000000 UG/KG 0.41 UG/KG USEPA Risk Based SSL5 0.41 UG/KG USEPA Risk Based SSL5 
2-BUTANONE 78-93-3 28000000 UG/KG 1500 UG/KG 24000000 UG/KG 1500 UG/KG USEPA Risk Based SSL5 1500 UG/KG USEPA Risk Based SSLs 
2-HEXANONE 591-78-6 210000 UG/KG 11 UG/KG NC 11 UG/KG USEPA Risk Based SSLs 11 UG/KG USEPA Risk Based SSLs 
4-METHYL-2-PENTANONE 108-10-1 5300000 UG/KG 450 UG/KG 2700000 UG/KG 450 UG/KG USEPA Risk Based SSL5 450 UG/KG USEPA Risk Based SSLs 
ACETONE 67-64-1 61000000 UG/KG 4500 UG/KG NC 4500 UG/KG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSLs 
BENZENE 71-43-2 1100 UG/KG 0.21 UG/KG 830 UG/KG 0.21 UG/KG USEPA Risk Based SSLs 0.21 UG/KG USEPA Risk Based SSL5 
BROMODICHLOROMETHANE 75-27-4 270 UG/KG 0.032 UG/KG NC 0.032 UG/KG USEPA Risk Based SSL5 0.032 UG/KG USEPA Risk Based SSLs 
BROMOFORM 75-25-2 61000 UG/KG 2.3 UG/KG 52000 UG/KG 2.3 UG/KG USEPA Risk Based SSLs 2.3 UG/KG USEPA Risk Based SSLs 
BROMOMETHANE 74-83-9 7300 UG/KG 2.2 UG/KG 9400 UG/KG 2.2 UG/KG USEPA Risk Based SSLs 2.2 UG/KG USEPA Risk Based SSL5 
CARBON DISULFIDE 75-15-0 820000 UG/KG 310 UG/KG 720000 UG/KG 310 UG/KG USEPA Risk Based SSLs 310 UG/KG USEPA Risk Based SSLs 
CARBON TETRACHLORIDE 56-23-5 250 UG/KG 0.077 UG/KG 330 UG/KG 0.077 UG/KG USEPA Risk Based SSLs 0.077 UG/KG USEPA Risk Based SSL5 
CHLOROBENZENE 108-90-7 290000 UG/KG 62 UG/KG 130000 UG/KG 62 UG/KG USEPA Risk Based SSLs 62 UG/KG USEPA Risk Based SSLs 
CHLOROETHANE 75-00-3 15000000 UG/KG 5900 UG/KG 1200000 UG/KG 5900 UG/KG USEPA Risk Based SSL5 5900 UG/KG USEPA Risk Based SSLs 
CHLOROFORM 67-66-3 290 UG/KG 0.053 UG/KG 280 UG/KG 0.053 UG/KG USEPA Risk Based SSLs 0.053 UG/KG USEPA Risk Based SSL5 
CHLOROMETHANE 74-87-3 120000 UG/KG 49 UG/KG 2100 UG/KG 49 UG/KG USEPA Risk Based SSL5 49 UG/KG USEPA Risk Based SSLs 
1,2-DIBROMO-3-CHLOROPROPANE 96-12-8 5.4 UG/KG 0.00014 UG/KG 23000 UG/KG 0.00014 UG/KG USEPA Risk Based SSLs 0.00014 UG/KG USEPA Risk Based SSL5 
CIS- 1,2-DICHLOROETHENE 156-59-2 780000 UG/KG 110 UG/KG NC 110 UG/KG USEPA Risk Based SSLs 110 UG/KG USEPA Risk Based SSLs 
CIS-1,3-DICHLOROPROPENE 10061-01-5 1700 UG/KG 0.15 UG/KG 1100 UG/KG 0.15 UG/KG USEPA Risk Based SSLs 0.15 UG/KG USEPA Risk Based SSLs 
CYCLOHEXANE 110-82-7 7000000 UG/KG 13000 UG/KG 8.51E+12 UG/KG 13000 UG/KG USEPA Risk Based SSLs 13000 UG/KG USEPA Risk Based SSLs 
CHLORODIBROMOMETHANE 124-48-1 680 UG/KG 0.039 UG/KG NC 0.039 UG/KG USEPA Risk Based SSLs 0.039 UG/KG USEPA Risk Based SSLs 
DICHLORODIFLUOROMETHANE 75-71-8 180000 UG/KG 610 UG/KG 250000 UG/KG 610 UG/KG USEPA Risk Based SSLs 610 UG/KG USEPA Risk Based SSL5 
ETHYLBENZENE 100-41-4 5400 UG/KG 1.7 UG/KG 400000 UG/KG 1.7 UG/KG USEPA Risk Based SSLs 1.7 UG/KG USEPA Risk Based SSLs 
ISOPROPYLBENZENE 98-82-8 2100000 UG/KG 1100 UG/KG 850000 UG/KG 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSL5 
METHYL ACETATE 79-20-9 78000000 UG/KG 7500 UG/KG NC 7500 UG/KG USEPA Risk Based SSL5 7500 UG/KG USEPA Risk Based SSLs 
METHYL CYCLOHEXANE 108-87-2 NC NC 490000 UG/KG 490000 UG/KG USEPA SSLs for Residential Inhalation 46000 UG/KG NON-TACO Const Worker 
METHYLENE CHLORIDE 75-09-2 11000 UG/KG 1.2 UG/KG 13000 UG/KG 1.2 UG/KG USEPA Risk Based SSLs 1.2 UG/KG USEPA Risk Based SSL5 
METHYL TERT-BUTYL ETHER 1634-04-4 43000 UG/KG 2.8 UG/KG 8700000 UG/KG 2.8 UG/KG USEPA Risk Based SSL5 2.8 UG/KG USEPA Risk Based SSLs 
STYRENE 100-42-5 6300000 UG/KG 1800 UG/KG 1500000 UG/KG 1800 UG/KG USEPA Risk Based SSLs 1800 UG/KG USEPA Risk Based SSLs 
TETRACHLOROETHENE 127-18-4 550 UG/KG 0.049 UG/KG 10000 UG/KG 0.049 UG/KG USEPA Risk Based SSL5 0.049 UG/KG USEPA Risk Based SSLs 
TOLUENE 108-88-3 5000000 UG/KG 1600 UG/KG 650000 UG/KG 1600 UG/KG USEPA Risk Based SSLs 1600 UG/KG USEPA Risk Based SSLs 
TRANS-1,2-DICHLOROETHENE 156-60-5 150000 UG/KG 31 UG/KG NC 31 UG/KG USEPA Risk Based SSLs 31 UG/KG USEPA Risk Based SSLs 
TRANS-1,3-DICHLOROPROPENE 10061-02-6 1700 UG/KG NC 1100 UG/KG 1100 UG/KG USEPA SSLs for Residential Inhalation 1100 UG/KG USEPA SSLs for Residential Inhalation 
TRICHLOROETHENE 79-01-6 2800 UG/KG 0.72 UG/KG 71 UG/KG 0.72 UG/KG USEPA Risk Based SSLs 0.72 UG/KG USEPA Risk Based SSLs 
TRICHLOROFLUOROMETHANE 75-69-4 790000 UG/KG 830 UG/KG 1100000 UG/KG 830 UG/KG USEPA Risk Based SSLs 830 UG/KG USEPA Risk Based SSL5 
1,1,2-TRICHLOROTRIFLUOROETHANE 76-13-1 43000000 UG/KG 150000 UG/KG 930000 UG/KG 150000 UG/KG USEPA Risk Based SSLs 150000 UG/KG USEPA Risk Based SSLs 
VINYL CHLORIDE 75-01-4 60 UG/KG 0.0056 UG/KG 280 UG/KG 0.0056 UG/KG USEPA Risk Based SSLs 0.0056 UG/KG USEPA Risk Based SSL5 
TOTAL XYLENES 1330-20-7 630000 UG/KG 200 UG/KG 700000 UG/KG 200 UG/KG USEPA Risk Based SSLs 200 UG/KG USEPA Risk Based SSLs 

4,4,DDD 72-54-8 2000 UG/KG 86 UG/KG NC 86 UG/KG USEPA Risk Based SSLs 
4,4'-DDE 72-55-9 1400 UG/KG 60 UG/KG NC 60 UG/KG USEPA Risk Based SSLs 

50-29-3 1700 UG/KG 87 UG/KG NC 87 UG/KG USEPA Risk Based SSL5 
Aldrin 309-00-2 29 UG/KG 0.84 UG/KG NC 0.84 UG/KG USEPA Risk Based SSLs 
alpha-BHC (alpha-HCH) 319-84-6 77 UG/KG 0.074 UG/KG NC 0.074 UG/KG USEPA Risk Based SSLs 
alpha-Chlordane 5103-71-9 NC NC NC NC NC 
beta-BHC 319-85-7 270 UG/KG 0.26 UG/KG NC 0.26 UG/KG USEPA Risk Based SSLs 
delta-BHC 319-86-8 NC NC NC NC NC 

86 UG/KG USEPA Risk Based SSLs 
60 UG/KG USEPA Risk Based SSLs 
87 UG/KG USEPA Risk Based SSLs 

0.84 UG/KG USEPA Risk Based SSLs 
0.074 UG/KG USEPA Risk Based SSLs 
NC NC 
0.26 UG/KG USEPA Risk Based SSLs 
NC NC 
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TABLE F-1B 
REFERENCE DATA FOR PROJECT ACTION LIMITS - 

USEPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

USEPA ORNL 
Residential Soil (5) 

USEPA ORNL Risk 
Based SSLs (5) 

USEPA ORNL SSLs 
for Residential 
Inhalation (5) 

Minimum Federal 
Criteria 

 
MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

Dieldrin 60-57-1 30 UG/KG 0.09 UG/KG NC 0.09 UG/KG USEPA Risk Based SSLs 0.09 UG/KG USEPA Risk Based SSLs 
Endosulfan 115-29-7 370000 UG/KG 9700 UG/KG NC 9700 UG/KG USEPA Risk Based SSLs 9700 UG/KG USEPA Risk Based SSLs 
Endosulfan I 959-98-8 NC NC NC NC NC NC NC 
Endosulfan II 33213-65-9 NC NC NC NC NC NC NC 
Endosulfan sulfate 1031-07-8 NC NC NC NC NC NC NC 
Endrin 72-20-8 18000 UG/KG 230 UG/KG NC 230 UG/KG USEPA Risk Based SSLs 230 UG/KG USEPA Risk Based SSLs 
Endrin aldehyde 7421-93-4 NC NC NC NC NC NC NC 
Endrin ketone 53494-70-5 NC NC NC NC NC NC NC 
gamma-BHC (Lindane) 58-89-9 520 UG/KG 0.43 UG/KG NC 0.43 UG/KG _ 	USEPA Risk Based SSLs 0.43 UG/KG USEPA Risk Based SSLs 
gamma-Chlordane 5103-74-2 NC NC NC NC NC NC NC 
Heptachlor 76-44-8 110 UG/KG 1.6 UG/KG NC 1.6 UG/KG USEPA Risk Based SSLs 1.6 UG/KG USEPA Risk Based SSLs 
Heptachlor epoxide 1024-57-3 53 UG/KG - 0.079 UG/KG NC 0.079 UG/KG USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSL5 
Methoxychlor 72-43-5 310000 UG/KG 3400 UG/KG NC 3400 UG/KG USEPA Risk Based SSLs 3400 UG/KG USEPA Risk Based SSLs 
Toxaphene 8001-35-2 440 UG/KG 12 UG/KG NC 12 UG/KG USEPA Risk Based SSLs 12 UG/KG USEPA Risk Based SSL5 

NA = not available; no criteria is available for that parameter for that chemical 
1 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (Ingestion, Inhalation, or Soil Component of Groundwater Ingestion Route)(Online July, 2008). 
2 - Section 742 Table B, Tier 1 Soil Remediation Objectives for Industrial/Commercial Properties (Ingestion or Inhalation) (Online July, 2008). 
3 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals (May 1, 2007) 
4 - Soil Remediation Objectives for IndusriaVCommercial Properties, Non-TACO Chemicals (May 1, 2007) 
5 - Oak Ridge National Laboratory Regional Screening Level (ORNL, September 12, 2008) 

Definitions:  
C - Carcinogen 
s - Concentration may exceeed soil saturation concentration. 
DAF - Dilution Attneuation Factor 
TACO - Tiered Approach to Corrective Action Objectives 
N - Noncarcinogen 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO - Soil 
IL - Illinois 
SSL - Soil Screening Limits 
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TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES. ILLINOIS 

CORRECTED PARAMETER 
--......-. ....... -- 

CORRECTED 
CAS 

Minimum IL 
Criteria MINIMUM IL BASIS Minimum Federal 

Criteria MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

BIS(2-CHLOROETHYL)ETHER 111-44-4 0.4 UG/KG TACO - SO to GW Class I 0.031 UG/KG USEPA Risk Based SSLs 0.031 UG/KG USEPA Risk Based SSLs 
2-CHLOROPHENOL 95-57-8 3600 UG/KG TACO pH Specific Criteria 150 UG/KG USEPA Risk Based SSLs 150 UG/KG USEPA Risk Based SSLs 
PHENOL 108-95-2 100000 UG/KG TACO - SO to GW Class I 6300 UG/KG USEPA Risk Based SSLs 6300 UG/KG USEPA Risk Based SSLs 
HEXACHLOROETHANE 67-72-1 500 UG/KG TACO - SO to GW Class I 2.9 UG/KG USEPA Risk Based SSLs 2.9 UG/KG USEPA Risk Based SSLs 
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 0.05 UG/KG TACO - SO to GW Class I 0.0072 UG/KG USEPA Risk Based SSLs 0.0072 UG/KG USEPA Risk Based SSLs 
NITROBENZENE 98-95-3 100 UG/KG TACO - SO to GW Class I 0.079 UG/KG USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSLs 
2-METHYLPH ENOL 95-48-7 15000 UG/KG TACO - SO to GW Class I 1500 UG/KG USEPA Risk Based SSLs 1500 UG/KG USEPA Risk Based SSLs 
ISOPHORONE 78-59-1 8000 UG/KG TACO - SO to GW Class I 23 UG/KG USEPA Risk Based SSLs 23 UG/KG USEPA Risk Based SSLs 
4-METHYLPHENOL 106-44-5 200 UG/KG NON-TACO - SO to GW Class I 150 UG/KG USEPA Risk Based SSLs 150 UG/KG USEPA Risk Based SSLs 
1,1-BIPHENYL 92-52-4 150000 UG/KG NON-TACO - SO to GW Class I 19000 UG/KG USEPA Risk Based SSLs 19000 UG/KG USEPA Risk Based SSLs 
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 2400 UG/KG NON-TACO - SO to GW Class I 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
2,4,5-TRICHLOROPHENOL 95-95-4 130000 UG/KG TACO pH Specific Criteria 14000 UG/KG USEPA Risk Based SSLs 14000 UG/KG USEPA Risk Based SSLs 
2,4,6-TRICHLOROPHENOL 88-06-2 90 UG/KG TACO pH Specific Criteria 23 UG/KG USEPA Risk Based SSLs 23 UG/KG USEPA Risk Based SSLs 
2,4-DICHLOROPHENOL 120-83-2 860 UG/KG TACO pH Specific Criteria 130 UG/KG USEPA Risk Based SSLs 130 UG/KG USEPA Risk Based SSLs 
2,4-DIMETHYLPHENOL 105-67-9 9000 UG/KG TACO - SO to GW Class I 860 UG/KG USEPA Risk Based SSLs 860 UG/KG USEPA Risk Based SSLs 
2,4-DINITROPHENOL 51-28-5 200 UG/KG TACO - SO to GW Class I 82 UG/KG USEPA Risk Based SSLs 82 UG/KG USEPA Risk Based SSLs 
2,4-DINITROTOLUENE 121-14-2 0.8 UG/KG TACO - SO to GW Class I 0.29 UG/KG USEPA Risk Based SSLs 0.29 UG/KG USEPA Risk Based SSLs 
2,6-DINITROTOLUENE 606-20-2 0.7 UG/KG TACO - SO to GW Class I 50 UG/KG USEPA Risk Based SSLs 0.7 UG/KG TACO - SO to GW Class I 
2-CHLORONAPHTHALENE 91-58-7 49000 UG/KG NON-TACO - SO to GW Class I 15000 UG/KG USEPA Risk Based SSLs 15000 UG/KG USEPA Risk Based SSLs 
2-NITROANILINE 88-74-4 140 UG/KG NON-TACO - SO to GW Class I 150 UG/KG USEPA Risk Based SSLs 140 UG/KG NON-TACO - SO to GW Class I 
2-NITROPHENOL 88-75-5 NC NC NC NC NC NC 
3,3'-DICHLOROBENZIDINE 91-94-1 7 UG/KG TACO - SO to GW Class I 0.98 UG/KG USEPA Risk Based SSLs 0.98 UG/KG USEPA Risk Based SSLs 
3-NITROANILINE 99-09-2 10 UG/KG NON-TACO - SO to GW Class I 1420000000 UG/KG 'EPA SSLs for Residential Inhalation 10 UG/KG NON-TACO - SO to GW Class I 
4,6-DINITRO-2-METHYLPHENOL 534-52-1 3.1 UG/KG NON-TACO SO to GW Class I pH Spec 6.2 UG/KG USEPA Risk Based SSLs 3.1 UG/KG NON-TACO SO to GW Class I pH Spec 
4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC NC NC NC 
4-CH LOR0-3-METHYLPH ENOL 59-50-7 NC NC 4300 UG/KG USEPA Risk Based SSLs 4300 UG/KG USEPA Risk Based SSLs 
4-CHLOROANILINE 106-47-8 700 UG/KG TACO - SO to GW Class I 0.14 UG/KG USEPA Risk Based SSLs 0.14 UG/KG USEPA Risk Based SSLs 
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC NC NC NC 
4-NITROANILINE 100-01-6 100 UG/KG NON-TACO - SO to GW Class I 1.4 UG/KG USEPA Risk Based SSLs 1.4 UG/KG USEPA Risk Based SSLs 
4-NITROPHENOL 100-02-7 NC NC NC NC NC NC 
ACETOPHENONE 98-86-2 N0 NC 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
ATRAZINE 1912-24-9 66 UG/KG TACO - SO to GW Class I 0.19 UG/KG USEPA Risk Based SSLs 0.19 UG/KG USEPA Risk Based SSLs 
BENZALDEHYDE 100-52-7 3300 UG/KG NON-TACO - SO to GW Class I 810 UG/KG USEPA Risk Based SSLs 810 UG/KG USEPA Risk Based SSLs 
BIS(2-CHLOROETHOXY)METHANE 111-91-1 NC NC 25 UG/KG USEPA Risk Based SSLs 25 UG/KG USEPA Risk Based SSLs 
BIS(2-ETHYLHEXYL)PHTHA LATE 117-81-7 46000 UG/KG TACO Residential Ingestion 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
BUTYL BENZYL PHTHALATE 85-68-7 930000 UG/KG TACO Residential Ingestion 510 UG/KG USEPA Risk Based SSLs 510 UG/KG USEPA Risk Based SSLs 
CAPROLACTAM 105-60-2 14000 UG/KG NON-TACO - SO to GW Class I 4500 UG/KG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSLs 
CARBAZOLE 86-74-8 600 UG/KG TACO - SO to GW Class I NC NC 600 UG/KG TACO - SO to GW Class I 
DIBENZOFURAN 132-64-9 820000 UG/KG NON-TACO Const Worker NC 82000 UG/KG NON-TACO Const Worker 
DIETHYL PHTHALATE 84-66-2 470000 UG/KG TACO - SO to GW Class I 12000 UG/KG USEPA Risk Based SSLs 12000 UG/KG USEPA Risk Based SSLs 
DIMETHYL PHTHALATE 131-11-3 NC NC NC NC NC NC 
DI-N-BUTYL PHTHALATE 84-74-2 2300000 UG/KG TACO Residential Ingestion 9200 UG/KG USEPA Risk Based SSLs 9200 UG/KG USEPA Risk Based SSLs 
DI-N-OCTYL PHTHALATE 117-84-0 1600000 UG/KG TACO Residential Ingestion NC NC 1600000 UG/KG TACO Residential Ingestion 
HEXACHLOROBENZENE 118-74-1 400 UG/KG TACO Residential Ingestion 0.53 UG/KG USEPA Risk Based SSLs 0.53 UG/KG USEPA Risk Based SSLs 
HEXACHLOROBUTADIENE 87-68-3 2200 UG/KG NON-TACO - SO to GW Class I 1.7 UG/KG USEPA Risk Based SSLs 1.7 UG/KG USEPA Risk Based SSLs 
HEXACHLOROCYCLOPENTADIENE 77-47-4 10000 UG/KG TACO Residential Ingestion 160 UG/KG USEPA MCL Based SSLs 160 UG/KG USEPA MCL Based SSLs 
N-NITROSODIPHENYLAMINE 86-30-6 1000 UG/KG TACO - SO to GW Class I 75 UG/KG USEPA Risk Based SSLs 75 UG/KG USEPA Risk Based SSLs 
PENTACHLOROPHENOL 87-86-5 20 UG/KG TACO pH Specific Criteria 5.7 UG/KG USEPA Risk Based SSLs 5.7 UG/KG USEPA Risk Based SSLs 

ACENAPHTH ENE 83-32-9 570000 UG/KG TACO - SO to GW Class I 22000 UG/KG USEPA Risk Based SSLs 22000 UG/KG USEPA Risk Based SSLs 
ACENAPHTHYLENE 208-96-8 85000 UG/KG NON-TACO - SO to GW Class I NC 85000 UG/KG NON-TACO - SO to GW Class I 
ANTHRACENE 120-12-7 12000000 UG/KG TACO - SO to GW Class I 360000 UG/KG USEPA Risk Based SSLs 360000 UG/KG USEPA Risk Based SSLs 
BENZO(A)ANTHRACENE 56-55-3 900 UG/KG TACO Residential Ingestion 10 UG/KG USEPA Risk Based SSLs 10 UG/KG USEPA Risk Based SSLs 
BENZO(A)PYRENE 50-32-8 90 UG/KG TACO Residential Ingestion 3.5 UG/KG USEPA Risk Based SSLs 3.5 UG/KG USEPA Risk Based SSLs 
BENZO(B)FLUORANTHENE 205-99-2 900 UG/KG TACO Residential Ingestion 35 UG/KG USEPA Risk Based SSLs 35 UG/KG USEPA Risk Based SSLS 
BENZO(G,H,I)PERYLENE 191-24-2 2300000 UG/KG NON-TACO Residential Ingestion NC 2300000 UG/KG NON-TACO Residential Ingestion 
BENZO(K)FLUORANTHENE 207-08-9 9000 UG/KG TACO Residential Ingestion 350 UG/KG USEPA Risk Based SSLs 350 UG/KG USEPA Risk Based SSLs 
CHRYSENE 218-01-9 88000 UG/KG TACO Residential Ingestion 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
DIBENZO(A,H)ANTHRACENE 53-70-3 90 UG/KG TACO Residential Ingestion 11 UG/KG USEPA Risk Based SSLs 11 UG/KG USEPA Risk Based SSLs 
FLUORANTH EN E 206-44-0 3100000 UG/KG TACO Residential Ingestion 160000 UG/KG USEPA Risk Based SSLS 160000 UG/KG USEPA Risk Based SSLs 
FLUORENE 86-73-7 560000 UG/KG TACO - SO to GW Class I 27000 UG/KG USEPA Risk Based SSLs 27000 UG/KG USEPA Risk Based SSLs 
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TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

Minimum IL 
Criteria 

MINIMUM IL BASIS 
Minimum Federal 

Criteria MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

2-METHYLNAPHTHALENE 91-57-6 NC NC 750 UG/KG USEPA Risk Based SSLs 750 UG/KG USEPA Risk Based SSLs 
INDENO(1,2,3-CD)PYRENE 193-39-5 900 UG/KG TACO Residential Ingestion 120 UG/KG USEPA Risk Based SSLs 120 UG/KG USEPA Risk Based SSLs 
NAPHTHALENE 91-20-3 12000 UG/KG" TACO - SO to GW Class I 0.47 UG/KG USEPA Risk Based SSL5 0.47 UG/KG USEPA Risk Based SSL5 
PHENANTHRENE 85-01-8 200000 UG/KG NON-TACO - SO to GW Class I NC 200000 UG/KG NON-TACO - SO to GW Class I 
PYRENE 129-00-0 2300000 UG/KG TACO Residential Ingestion 120000 UG/KG USEPA Risk Based SSLs 120000 UG/KG USEPA Risk Based SSLs 
PCBs 
AROCLOR-1016 12674-11-2 NC NC 92 UG/KG USEPA Risk Based SSLs 92 UG/KG USEPA Risk Based SSLs 
AROCLOR-1221 11104-28-2 NC NC 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSL5 
AROCLOR-1232 11141-16-5 NC NC 0.12 UG/KG USEPA Risk Based SSLs 0.12 UG/KG USEPA Risk Based SSLs 
AROCLOR-1242 53469-21-9 NC NC 5.3 UG/KG USEPA Risk Based SSL5 5.3 UG/KG USEPA Risk Based SSLs 
AROCLOR-1248 12672-29-6 NC NC 5.2 UG/KG USEPA Risk Based SSLs 5.2 UG/KG USEPA Risk Based SSLs 
AROCLOR-1254 11097-69-1 NC NC 8.8 UG/KG USEPA Risk Based SSLs 8.8 UG/KG USEPA Risk Based SSLs 
AROCLOR-1260 11096-82-5 NC NC 24 UG/KG USEPA Risk Based SSLs 24 UG/KG USEPA Risk Based SSLs 
TOTAL AROCLOR 1336-36-3 1000 UG/KG TACO Residential Ingestion 220 UG/KG USEPA Residential Soil 220 UG/KG USEPA Residential Soil 
INORGANICS 
ALUMINUM 7429-90-5 78000 MG/KG NON-TACO Residential Ingestion 55000 MG/KG USEPA Risk Based SSL5 55000 MG/KG USEPA Risk Based SSLs 
ANTIMONY 7440-36-0 5 MG/KG TACO pH Specific Criteria 0.66 MG/KG USEPA Risk Based SSLs 0.66 MG/KG USEPA Risk Based SSL5 
ARSENIC 7440-38-2 30 MG/KG TACO pH Specific Criteria 0.0013 MG/KG USEPA Risk Based SSL5 0.0013 MG/KG USEPA Risk Based SSLs 
BARIUM 7440-39-3 1800 MG/KG TACO pH Specific Criteria 300 MG/KG USEPA Risk Based SSLs 300 MG/KG USEPA Risk Based SSL5 
BERYLLIUM 7440-41-7 160 MG/KG TACO Residential Ingestion 58 MG/KG USEPA Risk Based SSL5 58 MG/KG USEPA Risk Based SSLs 
CADMIUM 7440-43-9 59 MG/KG TACO pH Specific Criteria 1.4 MG/KG USEPA Risk Based SSLs 1.4 MG/KG USEPA Risk Based SSLs 
CALCIUM 7440-70-2 NC NC 0 MG/KG NC 0 MG/KG NC 
CHROMIUM 7440-47-3 230 MG/KG TACO Residential Ingestion 276 MG/KG EPA SSLs for Residential Inhalation 230 MG/KG TACO Residential Ingestion 
COBALT 7440-48-4 4700 MG/KG TACO Residential Ingestion 0.49 MG/KG USEPA Risk Based SSLs 0.49 MG/KG USEPA Risk Based SSLs 
COPPER 7440-50-8 2900 MG/KG TACO Residential Ingestion 51 MG/KG USEPA Risk Based SSLs 51 MG/KG USEPA Risk Based SSLs 
IRON 7439-89-6 55000 MG/KG NON-TACO Residential Ingestion 640 MG/KG USEPA Risk Based SSL5 640 MG/KG USEPA Risk Based SSLs 
LEAD 7439-92-1 107 MG/KG TACO pH Specific Criteria 400 MG/KG USEPA Residential Soil 107 MG/KG TACO pH Specific Criteria 
MAGNESIUM 7439-95-4 325000 MG/KG TACO Residential Ingestion 0 MG/KG NC 0 MG/KG NC 
MANGANESE 7439-96-5 1600 MG/KG TACO Residential Ingestion 57 MG/KG USEPA Risk Based SSLs 57 MG/KG USEPA Risk Based SSL5 
MERCURY 7439-97-6 6.4 MG/KG TACO p1-I Specific Criteria 0.03 MG/KG USEPA Risk Based SSL5 0.03 MG/KG USEPA Risk Based SSLs 
NICKEL 7440-02-0 700 MG/KG TACO pH Specific Criteria 48 MG/KG USEPA Risk Based SSLs 48 MG/KG USEPA Risk Based SSLs 
POTASSIUM 7440-09-7 NC NC 0 MG/KG NC 0 MG/KG NC 
SELENIUM 7782-49-2 3.3 MG/KG TACO pH Specific Criteria 0.95 MG/KG USEPA Risk Based SSLs 0.95 MG/KG USEPA Risk Based SSL5 
SILVER 7440-22-4 39 MG/KG TACO pH Specific Criteria 1.6 MG/KG USEPA Risk Based SSLs 1.6 MG/KG USEPA Risk Based SSLs 
SODIUM 7440-23-5 NC NC 0 MG/KG NC 0 MG/KG NC 
THALLIUM 7440-28-0 3.4 MG/KG TACO pH Specific Criteria 0 MG/KG NC 0 MG/KG NC 
VANADIUM 7440-62-2 550 MG/KG TACO Residential Ingestion 180 MG/KG USEPA Risk Based SSLs 180 MG/KG USEPA Risk Based SSL5 
ZINC 7440-66-6 16000 MG/KG TACO pH Specific Criteria 680 MG/KG USEPA Risk Based SSL5 680 MG/KG USEPA Risk Based SSLs 
TCLP-INORGANICS - 
ALUMINUM 7429-90-5 3.5 MG/L NON-TACO - SO to GW Class I NC NC 3.5 MG/L NON-TACO - SO to GW Class I 
ANTIMONY 7440-36-0 0.006 MG/L TACO - SO to GW Class I NC NC 0.006 MG/L TACO - SO to GW Class I 
ARSENIC 7440-38-2 0.05 MG/L TACO - SO to GW Class I NC NC 0.05 MG/L TACO - SO to GW Class I 
BARIUM 7440-39-3 2 MG/L TACO - SO to GW Class I NC NC 2 MG/L TACO - SO to GW Class I 
BERYLLIUM 7440-41-7 0.004 MG/L TACO - SO to GW Class I NC NC 0.004 MG/L TACO - SO to GW Class I 
CADMIUM 7440-43-9 0.005 MG/L TACO - SO to GW Class I NC NC 0.005 MG/L TACO - SO to GW Class I 
CALCIUM 7440-70-2 NC NC NC NC NC NC 
CHROMIUM 7440-47-3 0.1 MG/L TACO - SO to GW Class I NC NC 0.1 MG/L TACO - SO to GW Class I 
COBALT 7440-48-4 1 MG/L TACO - SO to GW Class I NC NC 1 MG/L TACO - SO to GW Class I 
COPPER 7440-50-8 0.65 MG/L TACO - SO to GW Class I NC NC 0.65 MG/L TACO - SO to GW Class I 
IRON 7439-89-6 5 MG/L TACO - SO to GW Class I NC NC 5 MG/L TACO - SO to GW Class I 
LEAD 7439-92-1 0.0075 MG/L TACO - SO to GW Class I NC NC 0.0075 MG/L TACO - SO to GW Class I 
MAGNESIUM 7439-95-4 NC NC NC NC NC NC 
MANGANESE 7439-96-5 0.15 MG/L TACO - SO to GW Class I NC NC 0.15 MG/L TACO - SO to GW Class I 
MERCURY 7439-97-6 0.002 MG/L TACO - SO to GW Class I NC NC 0.002 MG/L TACO - SO to GW Class I 
NICKEL 7440-02-0 0.1 MG/L TACO - SO to GW Class I NC NC 0.1 MG/L TACO - SO to GW Class I 
POTASSIUM 7440-09-7 NC NC NC NC NC NC 
SELENIUM 7782-49-2 0.05 MG/L TACO - SO to GW Class I NC NC 0.05 MG/L TACO - SO to GW Class I 
SILVER 7440-22-4 0.05 MG/L TACO - SO to GW Class I NC NC 0.05 MG/L TACO - SO to GW Class I 
SODIUM 7440-23-5 NC NC NC NC NC NC 
THALLIUM 7440-28-0 0.002 MG/L TACO - SO to GW Class I NC NC 0.002 MG/L TACO - SO to GW Class I 
VANADIUM 7440-62-2 0.049 MG/L TACO - SO to GW Class I NC NC 0.049 MG/L TACO - SO to GW Class I 
ZINC 7440-66-6 5 MG/L TACO - SO to GW Class I NC NC 5 MG/L TACO - SO to GW Class I 
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TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 
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CAS 
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1,1,1-TRICHLOROETHANE 71-55-6 2000 UG/KG TACO - SO to GW Class I 3200 UG/KG USEPA Risk Based SSLs 2000 UG/KG TACO - SO to GW Class I 
1,1,2,2-TETRACHLOROETHANE 79-34-5 220 UG/KG NON-TACO - SO to GW Class I 0.026 UG/KG USEPA Risk Based SSL5 0.026 UG/KG USEPA Risk Based SSL5 
1,1,2-TRICHLOROETHANE 79-00-5 20 UG/KG TACO - SO to GW Class I 0.078 UG/KG USEPA Risk Based SSLs 0.078 UG/KG USEPA Risk Based SSLs 
1,1-DICHLOROETHANE 75-34-3 23000 UG/KG TACO - SO to GW Class I 0.69 UG/KG USEPA Risk Based SSLs 0.69 UG/KG USEPA Risk Based SSL5 
1,1-DICHLOROETHENE 75-35-4 60 UG/KG TACO - SO to GW Class I 120 UG/KG USEPA Risk Based SSLs 60 UG/KG TACO - SO to GW Class I 
1,2,4-TRICHLOROBENZENE 120-82-1 5000 UG/KG TACO - SO to GW Class I 6.8 UG/KG USEPA Risk Based SSLs 6.8 UG/KG USEPA Risk Based SSL5 
1,2-DIBROMOETHANE 106-93-4 0.4 UG/KG TACO - SO to GW Class I 0.0018 UG/KG USEPA Risk Based SSL5 0.0018 UG/KG USEPA Risk Based SSL5 
1,2-DICHLOROBENZENE 95-50-1 17000 UG/KG TACO - SO to GW Class I 360 UG/KG USEPA Risk Based SSLs 360 UG/KG USEPA Risk Based SSLs 
1,2-DICHLOROETHANE 107-06-2 20 UG/KG TACO - SO to GW Class I 0.042 UG/KG USEPA Risk Based SSL5 0.042 UG/KG USEPA Risk Based SSL5 
1,2-DICHLOROPROPANE 78-87-5 30 UG/KG TACO - SO to GW Class I 0.13 UG/KG USEPA Risk Based SSLs 0.13 UG/KG USEPA Risk Based SSLs 
1,3-DICHLOROBENZENE 541-73-1 NC NC NC NC NC NC 
1,4-DICHLOROBENZENE 106-46-7 2000 UG/KG TACO - SO to GW Class I 0.41 UG/KG USEPA Risk Based SSLs 0.41 UG/KG USEPA Risk Based SSLs 
2-BUTANONE 78-93-3 NC NC 1500 UG/KG USEPA Risk Based SSL5 1500 UG/KG USEPA Risk Based SSLs 
2-HEXANONE 591-78-6 NC NC 11 UG/KG USEPA Risk Based SSLs 11 UG/KG USEPA Risk Based SSLs 
4-METHYL-2-PENTANONE 108-10-1 340000 UG/KG NON-TACO Const Worker 450 UG/KG USEPA Risk Based SSL5 450 UG/KG USEPA Risk Based SSLs 
ACETONE 67-64-1 25000 UG/KG TACO - SO to GW Class I 4500 UG/KG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSL5 
BENZENE 71-43-2 30 UG/KG TACO - SO to GW Class I 0.21 UG/KG USEPA Risk Based SSLs 0.21 UG/KG USEPA Risk Based SSLs 
BROMODICHLOROMETHANE 75-27-4 600 UG/KG TACO - SO to GW Class I 0.032 UG/KG USEPA Risk Based SSL5 0.032 UG/KG USEPA Risk Based SSL5 
BROMOFORM 75-25-2 800 UG/KG TACO - SO to GW Class I 2.3 UG/KG USEPA Risk Based SSLs 2.3 UG/KG USEPA Risk Based SSLs 
BROMOMETHANE 74-83-9 200 UG/KG TACO - SO to GW Class I 2.2 UG/KG USEPA Risk Based SSLs 2.2 UG/KG USEPA Risk Based SSLs 
CARBON DISULFIDE 75-15-0 9000 UG/KG TACO Const Worker 310 UG/KG USEPA Risk Based SSL5 310 UG/KG USEPA Risk Based SSL5 
CARBON TETRACHLORIDE 56-23-5 70 UG/KG TACO - SO to GW Class I 0.077 UG/KG USEPA Risk Based SSLs 0.077 UG/KG USEPA Risk Based SSLs 
CHLOROBENZENE 108-90-7 1000 UG/KG TACO - SO to GW Class I 62 UG/KG USEPA Risk Based SSL5 62 UG/KG USEPA Risk Based SSLs 
CHLOROETHANE 75-00-3 97000 UG/KG NON-TACO Const Worker 5900 UG/KG USEPA Risk Based SSLs 5900 UG/KG USEPA Risk Based SSLs 
CHLOROFORM 67-66-3 300 UG/KG TACO Residential Ingestion 0.053 UG/KG USEPA Risk Based SSLs 0.053 UG/KG USEPA Risk Based SSLs 
CHLOROMETHANE 74-87-3 11000 UG/KG NON-TACO Const Worker 49 UG/KG USEPA Risk Based SSLs 49 UG/KG USEPA Risk Based SSLs 
1,2-DIBROMO-3-CHLOROPROPANE 96-12-8 2 UG/KG TACO - SO to GW Class I 0.00014 UG/KG USEPA Risk Based SSLs 0.00014 UG/KG USEPA Risk Based SSLs 
CIS-1,2-DICHLOROETHENE 156-59-2 400 UG/KG TACO - SO to GW Class I 110 UG/KG USEPA Risk Based SSL5 110 UG/KG USEPA Risk Based SSLs 
CIS-1,3-DICHLOROPROPENE 10061-01-5 NC NC 0.15 UG/KG USEPA Risk Based SSLs 0.15 UG/KG USEPA Risk Based SSLs 
CYCLOHEXANE 110-82-7 110000 UG/KG NON-TACO Const Worker 13000 UG/KG USEPA Risk Based SSL5 13000 UG/KG USEPA Risk Based SSL5 
CHLORODIBROMOMETHANE 124-48-1 400 UG/KG TACO - SO to GW Class I 0.039 UG/KG USEPA Risk Based SSLs 0.039 UG/KG USEPA Risk Based SSLs 
DICHLORODIFLUOROMETHANE 75-71-8 NC NC 610 UG/KG USEPA Risk Based SSLs 610 UG/KG USEPA Risk Based SSLs 
ETHYLBENZENE 100-41-4 13000 UG/KG TACO - SO to GW Class I 1.7 UG/KG USEPA Risk Based SSLs 1.7 UG/KG USEPA Risk Based SSLs 
ISOPROPYLBENZENE 98-82-8 51000 UG/KG NON-TACO Const Worker 1100 UG/KG USEPA Risk Based SSLs 1100 UG/KG USEPA Risk Based SSLs 
METHYL ACETATE 79-20-9 29000 UG/KG NON-TACO - SO to GW Class I 7500 UG/KG USEPA Risk Based SSLs 7500 UG/KG USEPA Risk Based SSL5 
METHYL CYCLOHEXANE 108-87-2 46000 UG/KG NON-TACO Const Worker 490000 UG/KG ;EPA SSLs for Residential Inhalation 46000 UG/KG NON-TACO Const Worker 
METHYLENE CHLORIDE 75-09-2 20 UG/KG TACO - SO to GW Class I 1.2 UG/KG USEPA Risk Based SSLs 1.2 UG/KG USEPA Risk Based SSLs 
METHYL TERT-BUTYL ETHER 1634-04-4 320 UG/KG TACO - SO to GW Class I 2.8 UG/KG USEPA Risk Based SSLs 2.8 UG/KG USEPA Risk Based SSLs 
STYRENE 100-42-5 4000 UG/KG TACO - SO to GW Class I 1800 UG/KG USEPA Risk Based SSLs 1800 UG/KG USEPA Risk Based SSLs 
TETRACHLOROETHENE 127-18-4 60 UG/KG TACO - SO to GW Class I 0.049 UG/KG USEPA Risk Based SSL5 0.049 UG/KG USEPA Risk Based SSLs 
TOLUENE 108-88-3 12000 UG/KG TACO - SO to GW Class I 1600 UG/KG USEPA Risk Based SSLs 1600 UG/KG USEPA Risk Based SSLs 
TRANS-1,2-DICHLOROETHENE 156-60-5 700 UG/KG TACO - SO to GW Class I 31 UG/KG USEPA Risk Based SSL5 31 UG/KG USEPA Risk Based SSLs 
TRANS-1,3-DICHLOROPROPENE 10061-02-6 NC NC 1100 UG/KG ,EPA SSLs for Residential Inhalation 1100 UG/KG USEPA SSLs for Residential Inhalation 
TRICHLOROETHENE 79-01-6 60 UG/KG TACO - SO to GW Class I 0.72 UG/KG USEPA Risk Based SSLs 0.72 UG/KG USEPA Risk Based SSLs 
TRICHLOROFLUOROMETHANE 75-69-4 NC NC 830 UG/KG USEPA Risk Based SSLs 830 UG/KG USEPA Risk Based SSLs 
1,1,2-TRICHLOROTRIFLUOROETHANE 76-13-1 1000000 UG/KG NON-TACO Residential Ingestion 150000 UG/KG USEPA Risk Based SSL5 150000 UG/KG USEPA Risk Based SSL5 
VINYL CHLORIDE 75-01-4 10 UG/KG TACO - SO to GW Class I 0.0056 UG/KG USEPA Risk Based SSLs 0.0056 UG/KG USEPA Risk Based SSLs 
TOTAL XYLENES 1330-20-7 5600 UG/KG TACO Const Worker 200 UG/KG USEPA Risk Based SSLs 200 UG/KG USEPA Risk Based SSLs 

4A-DDD 72-54-8 3000 UG/KG TACO Residential Ingestion 86 UG/KG USEPA Risk Based SSL5 
4A-DDE 72-55-9 2000 UG/KG TACO Residential Ingestion 60 UG/KG USEPA Risk Based SSLs 
4,4'-DDT 50-29-3 2000 UG/KG TACO Residential Ingestion 87 UG/KG USEPA Risk Based SSLs 
Aldrin 309-00-2 40 UG/KG TACO Residential Ingestion 0.84 UG/KG USEPA Risk Based SSLs 
a p a- 	a p a- 319-84-6 0.5 UG/KG TACO - SO to GW Class I 0.074 UG/KG USEPA Risk Based SSLs 
alpha-Chlordane 5103-71-9 NC NC NC NC 
beta-BHC 319-85-7 NC NC 0.26 UG/KG USEPA Risk Based SSLs 
delta-BHC 319-86-8 NC NC NC NC 
Dieldrin 60-57-1 4 UG/KG TACO - SO to GW Class I 0.09 UG/KG USEPA Risk Based SSLs 
Endosulfan 115-29-7 18000 UG/KG TACO - SO to GW Class I 9700 UG/KG USEPA Risk Based SSLs 
Endosulfan I 959-98-8 NC NC NC NC 

86 UG/KG USEPA Risk Based SSLs 
60 UG/KG USEPA Risk Based SSLs 
87 UG/KG USEPA Risk Based SSLs 

0.84 UG/KG USEPA Risk Based SSL5 
0.074 UG/KG USEPA Risk Based SSLs 

NC NC 
0.26 UG/KG USEPA Risk Based SSLs 
NC NC 
0.09 UG/KG USEPA Risk Based SSLs 
9700 UG/KG USEPA Risk Based SSL5 
NC NC 

Page 3of 4 



TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 

CORRECTED PARAMETER 
CORRECTED 

CAS 

Minimum IL 
Criteria 

MINIMUM IL BASIS 
Minimum Federal 

Criteria 
MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

Endosulfan II 33213-65-9 NC NC NC NC NC NC 
Endosulfan sulfate 1031-07-8 NC NC NC NC NC NC 
Endrin 72-20-8 1000 UG/KG TACO - SO to GW Class I 230 UG/KG USEPA Risk Based SSLs 230 UG/KG USEPA Risk Based SSLs 
Endrin aldehyde 7421-93-4 NC NC NC NC NC NC 
Endrin ketone 53494-70-5 NC NC NC NC NC NC 
gamma-BFIC (Lindane) 58-89-9 9 UG/KG TACO - SO to GW Class I 0.43 UG/KG USEPA Risk Based SSL5 0.43 UG/KG USEPA Risk Based SSLs 
qamma-Chlordane 5103-74-2 NC NC NC NC NC NC 
Heptachlor 76-44-8 100 UG/KG TACO Residential Ingestion 1.6 UG/KG USEPA Risk Based SSL5 1.6 UG/KG USEPA Risk Based SSLs 
Heptachlor epoxide 1024-57-3 70 UG/KG TACO Residential Ingestion 0.079 UG/KG USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSL5 
Methoxychlor 72-43-5 160000 UG/KG NC 3400 UG/KG USEPA Risk Based SSL5 3400 UG/KG USEPA Risk Based SSL5 
Toxaphene 8001-35-2 600 UG/KG TACO Residential Ingestion 12 UG/KG USEPA Risk Based SSLs 12 UG/KG USEPA Risk Based SSL5 

Definitions:  
TACO - Tiered Approach to Corrective Action Objectives 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO - Soil 
IL - Illinois 
SSL - Soil Screening Limits 
UG/KG - microgranis per kilogram 
MG/L - miligrams per liter 
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TABLE F-3 
TCLP PROJECT ACTION LIMITS FOR INVESTIGATION DERIVED WASTES (IDW) 

SITE 12 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILINOIS 

Project Action Limit Quantitation Limit Analytes CAS Number (mg/W1)  (mg/L) 

TCLP METALS SW-846 1311/6010B/7470A FOR IDW DETERMINATION 

ARSENIC 7440-38-2 5 0.1 

BARIUM 7440-39-3 100 2 

CADMIUM 7440-43-9 1 0.05 

CHROMIUM 7440-47-3 5 0.1 

LEAD 7439-92-1 5 0.03 

MERCURY 7439-97-6 0.2 0.002 

SELENIUM 7782-49-2 1 0.05 

SILVER 7440-22-4 5 0.1 

TCLP VOC SW-846 1311/8260B FOR IDW DETERMINATION 

BENZENE 71-43-2 0.5 0.01 
CARBON TETRACHLORIDE 56-23-5 0.5 0.01 

CHLOROBENZENE 108-90-7 100 0.01 

CHLOROFORM 67-66-3 6 0.01 

1,2-DICHLOROETHANE 107-06-2 0.5 0.01 

1,1-DICHLOROETHENE 75-35-4 0.7 0.01 

2-BUTANONE 78-93-3 200 0.1 

TETRACHLOROETHENE 127-18-4 0.7 0.01 

TRICHLOROETHENE 79-01-6 0.5 0.01 

VINYL CHLORIDE 75-01-4 0.2 0.02 

TCLP SVOC SW-846 1311/8260C FOR IDW DETERMINATION 

0-CRESOL 95-48-7 200 0.05 
M-CRESOL 95-48-7 200 0.05 

P-CRESOL 106-44-5 200 0.05 

1,4-DICHLOROBENZENE 106-46-7 7.5 0.05 

2,4-DINITROTOLUENE 121-14-2 0.13 0.05 

HEXACHLOROBENZENE 118-74-1 0.13 0.05 

HEXACHLOR0-1,3-BUTADIENE 87-68-3 0.5 0.05 

HEXACHLOROETHANE 67-72-1 3 0.05 

NITROBENZENE 98-95-3 2 0.05 

PENTACHLOROPHENOL 87-86-5 100 0.2 

PYRIDINE 110-86-1 5 0.2 

2,4,5-TRICHLOROPHENOL 95-95-4 400 0.05 

2,4,6-TRICHLOROPHENOL 88-06-2 2 0.05 

TCLP PESTICIDES SW-846 1311/8270C FOR IDW DETERMINATION 

CHLORDANE 57-74-9 0.03 0.0005 

ENDRIN 72-20-8 0.02 0.0001 

HEPTACHLOR 76-44-8 0.008 0.0001 

HEPTACHLOR EPDXIDE 1024-57-3 0.008 0.0001 

LINDANE 58-89-9 0.4 0.0001 

METHOXYCHLOR 72-43-5 10 0.0001 

TOXAPHENE 8001-35-2 0.5 0.01 

TCLP HERBICIDES SW-846 1311/8270C FOR IDW DETERMINATION 

2,4-D 94-75-7 10 0.005 

2,4,5-TP (SILVEX) 93-72-1 1 0.001 

(1) 	Project Action Limits for IDW management are based on disposal requirements as per 
RCRA CFR 261.24 

TCLP = Toxicity Characteristic Leaching Procedure 
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